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The  publishers  have  much  pleasure  in  at  length  presenting 
Mr.  Graham's  Inorganic  Chemistry  complete:  The  first  portion 
(up  to  p.  430),  was  edited  in  1852  by  Dr.  Bridges;  the  remainder 
is  reproduced  without  alteration  from  the  English  edition,  issued 
a  few  months  since,  under  the  supervision  of  the  Author,  by  Mr. 
Watts,  whose  elaborate  Supplement  will  be  found  to  bring  the 
subjects  embraced  in  the  first  portion,  on  a  level  with  the  most 
advanced  condition  of  the  science. 

The  Organic  portion  of  the  work,  issued  in  1843,  has  not 
been  reproduced  by  Mr.  Graham,  nor  does  he,  in  his  "Ad- 
vertisement," hold  out  any  promise  of  its  revision  and  reappear- 
ance. The  present  volume,  therefore,  contains  all  that  the 
Author  has  seen  fit  to  reproduce,  being  the  whole  of  the  two 
volumes  of  the  London  edition. 

References  have  been  introduced  throughout  the  first  part,  to 
Articles  in  the  Supplement  which  modify  or  extend  the  remarks 
in  the  text. 

Philadelphia,  Aprily  1858. 
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advertisement: 
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The  present  Volume  completes  the  Work  as  a  Treatise  upon 
Inorganic  Chemistry ;  and  it  is,  accordingly,  furnished  with  an 
Index  of  Contents,  which  applies  to  both  volumes. 

From  the  time  which  has  elapsed  since  the  first  publication 
of  these  Elements,  an  amount  of  alteration  and  addition  had 
become  necessary  for  properly  completing  a  new  edition,  which 
precluded  the  Author,  with  his  present  engagements,  from 
undertaking  the  task.  In  these  circumstances,  he  gladly  availed 
himself  of  the  assistance  of  Mr.  Watts,  who  has  supplied  a 
large  amount  of  new  matter,  including  the  Supplement,  and  has 
edited  the  volume  throughout  in  the  most  careful  and  conscien- 
tious manner.  The  most  conspicuous  changes  now  made,  by 
which  the  work  is  improved,  are  the  following : — 

1,  The  systematic  introduction  of  the  best  processes  for  the 
separation  and  quantitative  estimation  of  metals  and  other 
important  substances,  in  addition  to  the  description  of  their  pro- 
perties and  reactions.  The  new  methods  of  volumetric  analysis 
are  detailed,  with  the  description  and  applications  in  particular 
of  Bunsen's  General  Method. 

2.  In  the  Supplement,  in  which  the  subjects  treated  in  the 
first  volume  are  resumed  and  brought  down  to  the  present  time : 
The  determination  of  the  most  important  Physical  constants, 

*  The  obsenrations  in  this  **  Adrertisemenf'  apply  to  the  second  Tolume  of  the  London 
edition,  vhioh  forms  p.  481  to  end  of  the  present  volume. 


vi  ADVERTISEMENT. 

viz.,  the  Mechanical  Equivalent  of  Heat;  the  relations  betweei 
the  Chemical  and  Magnetic  effects  of  the  Electric  Current,  an( 
the  reduction  of  its  force  to. Absolute  Mechanical  Measure;  als< 
the  Measurement  of  the  Chemical  Action  of  Light.  The  Polar 
ization  of  Light  is  treated  in  sufficient  detail  for  the  wants  oj 
the  Chemical  Student,  attention  being  especially  directed  to  th< 
methods  of  Optical  Saccharimetry,  and  to  the  very  remarkabL 
relations  between  Crystalline  Form  and  Molecular  Rotator 
Power  discovered  by  Pasteur. 

3.  The  modern  views  of  the  constitution  and  classification  o: 
Chemical  Compounds  are  explained  at  considerable  length 
chiefly  according  to  Gerhardt's  Unitary  System.  This  include 
the  classification  of  Organic  as  well  as  Inorganic  Compounds,  ai 
indeed  every  general  system  of  classification  must  do.  In  th< 
same  portion  of  the  work,  the  formation  and  reactions  of  th< 
principal  classes  of  organic  compounds  are  explained,  so  far  a 
appeared  necessary  to  the  general  understanding  of  their  mutua 
relations. 

4.  The  last  portion  of  the  Supplement  contains  the  mos 
recently  discovered  facts  relating  to  the  Non-metallic  Elements 
and  the  Metals  of  the  Alkalies  and  Earths,  a  prominent  plac< 
being  assigned  to  the  allotropic  modifications  of  certain  elements 
viz..  Boron,  Silicon,  Sulphur,  Selenium,  and  Phosphorus,  and  t( 
the  methods  of  obtaining  the  allcali  and  earth-metals  in  the  fre( 
state. 

THOMAS  GRAHAM. 
Royal  Mint  :  December y  1857. 


PREFACE 


TO  THE  SECOND  EDITION, 


(PART  I.) 


If  the  Inorganic  department  of  chemistry  has  not  recently  been  ex- 
panded in  the  same  vast  proportion  as  the  Organic  branch  of  the  science, 
still  the  former  has  been  far  from  stationary  of  late  years.  The  advance 
observed  is  partly  in  the  old  direction  of  enlarging  the  list  of  elements, 
partly  and  more  conspicuously  in  supplying  deficient  members  to  familiar 
series  of  compounds,  and  in  thus  enlarging  these  series, — as  in  the  com- 
pounds of  chlorine  with  oxygen,  and  of  sulphur  with  oxygen.  But  tho 
most  important  feature  in  the  recent  progress  of  Inorganic  Chemistry 
has  been  the  rigorous  verification  which  numericil!  data  of  all  kinds  have 
received,  whether  relating  to  physical  laws,  such  as  the  specific  heat  of 
substances,  or  to  chemical  properties  and  composition.  The  statement 
of  properties  and  relations  has  thus  acquired  a  fulness  and  precision  for 
many  substances,  which  contrasts  strongly  with  the  history  that  could  be 
ofiered  of  the  same  substances  even  but  a  very  few  years  ago.  The  cor* 
rcction  and  revision  of  every  minute  branch  of  the  science  was  never, 
indeed,  more  general  and  rapid  than  at  the  present  time.  The  enlarged 
means  of  practical  instruction  in  chemistry,  now  everywhere  provided  for 
the  student,  and  the  consequent  increase  in  the  number  of  able  investi- 
gators, have  no  doubt  contributed  much  to  this' result. 

Progress  of  this  description  cannot  fail  to  affect  the  theoretical  views 
of  chemists,  and  to  promote  sound  conclusions  by  affording  an  extended 
and  safe  foundation  for  reasoning,  in  a  body  of  well-established  facts* 
It  must  be  admitted  that  the  fundamental  views  respecting  the  constitu- 
tion of  salts  are  at  present  in  a  state  of  transition,  but  the  great  questions 
of  chemical  theory,  if  not  yet  solved,  have  at  least  been  correctly  enun- 
ciated, and  a  general  assent  obtained  to  the  facts  upon  which  they  rest. 

(vii) 


Vm  PREFACE, 

In  preparing  a  new  edition  of  his  Elements  of  Chemistry,  the  Authfl 
has  incorporated  much  n^w  and  accurate  information  with  the  old,  whil 
he  has  endeavoured  to  give  to  hoth  the  space  and  the  measure  of  import 
ance  which  their  true  value  demanded.  In  such  a  work,  judicious  selec 
tion  of  matter  is  as  necessary  as  careful  condensation,  while  the  ground 
of  the  selection  are  changed  with  the  shifting  point  of  view  from  whid 
in  a  progressive  science,  the  retrospect  is  taken. 

The  important  bearings  of  the  laws  of  Heat,  particularly  in  refereni 
to  the  physical  condition  of  matter,  have  led  to  their  consideration  befoi 
the  chemical  properties  of  substance?,  in  this  as  in  most  other  elemental 
treatises  on  chemistry.    Light  is  then  shortly  considered,  chiefly  in  refe 
encc  to  its  chemical  relations.     The  principles  of  its  Nomenclature, ; 
which,  compared  with  many  sciences,  chemistry  has  been  highly  fortunal 
are  then  explained,  together  with  the  symbolical  notation  and  chemic 
formulas  in  use,  by  means  of  which  the  composition  of  highly  compoui 
bodies  is  expressed  with  the  same  palpable  distinctness  which,  in  ari< 
metic,  attends  the  use  of  figures,  in  the  place  of  words,  for  the  expressi 
of  numerical  sums. 

A  considerable  section  of  the  present  volume  is  then  devoted  to  i 
consideration  of  the  fundamental  doctrines  of  chemistry,  under  the  hef 
of  combining  proportions,  atomic  theory,  doctrine  of  volumes,  isomer] 
ism,  isomerism,  constitution  of  salts,  chemical  afSnity  and  polarity, 
eluding  the  propagation  of  affinity  through  metallic  and  saline  media, 
the  voltaic  circle,  with  the  new  subject  of  the  atomic  volume  of  solids. 

The  materials  of  the  inorganic  world  are  then  described  under  1 
great  divisions  of  non-metallic  elements  and  their  compounds,  and  meta 
elements  and  their  compounds. 

University  College,  London, 
September^  1850. 
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Thb  *^  Elements  of  Chemistry,"  of  which  a  second  edition  is  novr  pre- 
sented, attained,  on  its  first  appearance,  an  immediate  and  deserved  repu- 
tation. The  copious  selection  of  facts  from  all  reliable  sources,  and  their 
judicious  arrangement,  render  it  a  safe  guide  for  the  beginner,  while  the 
clear  exposition  of  theoretical  points,  and  frequent  references  to  special 
treatises,  make  it  a  valuable  assistant  for  the  more  advanced  student* 

From  this  high  character  the  present  edition  will  in  no  way  detract. 
The  great  changes  which  the  science  of  Chemistry  has  undergone  during 
the  interval,  have  rendered  necessary  a  complete  revision  of  the  work, 
and  this  has  been  most  thoroughly  accomplished  by  the  author.  Many 
portions  will  therefore  be  found  essentially  altered,  thereby  increasing 
greatly  the  size  of  the  work,  while  the  series  of  illustrations  has  been 
entirely  changed  in  style,  and  nearly  doubled  in  number. 

Under  these  circumstances  but  little  has  been  left  for  the  editor. 
Owing,  however,  to  the  appearance  of  the  London  edition  in  parts,  some 
years  have  elapsed  since  the  first  portions  were  published,  and  he  has 
therefore  found  occasion  to  introduce  the  more  recent  investigations  and 
discoveries  in  some  subjects,  as  well  as  to  correct  such  ioaccuracies  or 
misprints  as  had  escaped  the  author's  attention,  and  to  make  a  few  addi- 
tional references.  Such  matter  as  he  has  thus  introduced  has  been  en- 
closed in  brackets,  with  his  initials  appended. 

Philadelphia,  March^  1852. 
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ELEMENTS  OF   CHEMISTRY. 


CHAPTER   I. 

HEAT. 

The  objects  of  the  material  world  are  altered  in  their  properties  by  heat  in  a 
Tery  remarkable  manner.  The  conversion  of  ice  into  water,  and  of  water  into 
vaponr,  by  the  application  of  heat,  affords  a  familiar  illustration  of  the  effects  of  this 
agent  in  changing  the  condition  of  bodies.  All  other  material  substances  are  equally 
under  its  influence ;  and  it  gives  rise  to  numerous  and  varied  phenomena,  demanding 
the  att-cntion  of  the  chemical  inquirer. 

Heat  is  very  readily  communicated  from  one  body  to  another ;  so  that  when  hot 
and  cold  bodies  are  placed  near  each  other,  they  speedily  attain  the  same  temper- 
ature. The  obvious  transference  of  heat  in  such  circumstances  impresses  the  idea 
that  it  possesses  a  substantial  existence,  and  is  not  merely  a  quality  of  bodies,  like 
colour  or  weight ;  and  when  thus  considered  as  a  material  substance,  it  has  received 
the  name  caloric.  It  would  be  injudicious,  however,  to  enter  at  present  into  any 
speculation  on  the  nature  of  heat;  it  is  sufficient  to  remark  that  it  differs  from 
matter,  as  usually  conceived,  in  several  respects.  Our  knowledge  of  heat  is  limited 
to  the  different  effects  which  it  produces  upon  bodies,  and  the  mode  of  its  transmis- 
sion ;  and  these  subjects  may  be  considered  without  reference  to  any  theory  of  the 
nature  of  this  agent. 

The  subject  of  Heat  will  be  treated  of  under  the  following  heads :  — 

1.  Expansion,  the  most  general  effect  of  heat,  and  the  Thermometer. 

2.  Specific  heat 

3.  The  communication  of  heat  by  Conduction  and  Radiation. 

4.  Liquefaction,  as  an  effect  of  heat. 

5.  Vaporization,  or  the  gaseous  state,  as  an  effect  of  heat. 

6.  Speculative  notions  respecting  the  nature  of  heat 

EXPANSION  AND  THE  THERMOMETER. 

All  bodies  in  nature,  solids,  liquids,  or  gases,  suffer  a  temporary  increase  of  dimen- 
sion when  heated,  and  contract  again  into  their  original  volume  on  cooling. 

1.  Expansion  of  solids.* — The  expansion  of  solid  bodies,  such  as  the  metals,  is 
by  no  means  considerable,  but  may  readily  be  made  sensible.  A  bar  of  iron  which 
fits  easily  when  cold  into  a  gauge,  wjtt  be  found,  on  heating  it  to  redness,  to  have 
increased  sensibly  both  in  length  and  unckness.  The  expansion  and  contraction  of 
metals,  indeed,  and  the  immense  force  with  which  these  changes  take  place,  are 
matters  of  familiar  observation,  and  are  often  made  available  in  the  arts.  The  iron 
hoops  of  carriage  wheels,  for  instance,  are  applied  to  the  frame  while  they  are 
red  hot,  and  in  a  state  of  expansion,  and  being  then  suddenly  cooled  by  dashing 
water  upon  them,  they  contract,  and  bind  the  wood-work  of  tne  wheel  with  great 
force.  The  expansion  of  solids,  however,  is  very  small,  and  requires  nice  measure- 
ment to  ascertain  its  amount.     The  expansion  in  length  only  has  generally  been 

•  [See  Snpplemtut,  p.  6u7.] 
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determined^  but  it  must  always  be  remembered  that  the  body  expands  also  in 
dimensions  in  an  equal  proportion.     The  first  general  fact  observable  is, 
amount  of  dilatation  by  heat  is  different  in  different  bodies.    No  two  solids 
alike.   The  metals  expand  most,  and  their  rates  of  expansion  are  best  knowi 
of  the  undermentioned  substances,  on  being  heated  from  the  freezing  to  the 
point  of  water,  elongate  as  follows  :  — 


Zinc  (cast) 1  on  323 

Zinc  (sheet) 1    "    340 


Lead, 
Tin.., 

Silver  . 
Copper 
Brass. . 


1 
1 
1 

1 
1 


«  351 

«  616 

w  624 

«  581 

"  584 


PureGold 1 

Iron  Wire 1 

Palladium 1 

Glass  without  lead 1 

Platinum 1 

Flint  Glass 1 

Black  Marble  (Lucullite) ...   1 


on 

u 


u 
tl 


This  is  the  increase  which  these  bodies  sustain  in  len^h.     Their  inci 
general  bulk  is  about  throe  times  greater.     Thus,  if  glass  elongates  1  part  i 
from  the  freezing  to  the  boiling  point  of  water,  it  will  dilate  in  cubic  capacity 
in  1248,  or  1  part  in  416.     The  expanded  bodies  return  to  their  original  din 
on  cooling.     Wood  docs  not  expand  much  in  length ;  hence  it  is  occasional 
as  a  pendulum  rod.     For  the  same  reason  a  slip  of  marble,  of  the  variety  me 
in  the  preceding  table,  was  employed  for  that  purpose,  in  constructing  the  c 
the  Royal  Society  of  Edinburgh.     Glass  without  lead  expands  by  the  tabl 
part,  while  the  metal  platinum  expands  very  little  less,  jt^st*    Hence  the  po( 
of  cementing  glass  and  platinum  together,  as  is  done  in  many  chemical  instn 
Other  metals  pushed  through  the  glass  when  it  is  red  hot  and  soft,  shrink  b£U 
so  much  more  than  glass  on  cooling,  as  to  separate  from  it,  and  become  loose 
is  the  most  expansible  of  the  metals }  it  expands  nearly  four  times  more  thai 
num  from  the  same  heat.    But  ice,  of  which  the  contraction  by  cold  ha 
observed  for  30  or  40  degrees  under  the  freezing  point,  proves  to  be  more  d 
even  than  the  metals,  the  rate  of  this  solid  being  in  the  proportion  of  ^j-yti 
while  that  of  zinc  is  ^^^^d  part  onlv.     (Brunner  (fils),  Ann.  de  Chim.  et  de 
3  s6t.  t.  14,  p.  377.) 

The  most  important  discovery,  in  a  theoretical  point  of  view,  that  has  beei 
on  the  subject  of  the  dilatation  of  solids  by  heat,  is  the  observation  of  Profess< 
scherlich,  of  Berlin,  that  the  angles  of  some  crystals  arc  affected  by  changes  c 
perature.     This  proves  that  some  solids  in  the  crystalline  form  do  not  < 
uniformly,  but  more  in  one  direction  than  in  another.     Indeed,  Mitscherlii 
shown  that  while  a  crystal  is  expanding  in  length  by  heat,  it  may  actually  1 
tracting  at  the  same  time  in  another  dimension.    An  angle  of  rhomboidal  c^c 
spar  alters  eight  and  a  half  minutes  of  a  degree  between  the  freezing  and  1 
points  of  water.     But  this  unequal  expansion  does  not  occur  in  crystals  of  wh 
the  sides  and  angles  are  alike,  as  the  cube,  the  regular  octohedron,  the  rhonJ 
dodecahedron.     In  investigating  the  laws  of  expansion  among  solids,  it  is  adf 
therefore,  to  make  choice  of  crystallized  bodies.    For,  in  a  substance  not  r^ 
crystallized,  the  expansion  of  different  specimens  may  not  be  precisely  the  sa) 
the  intemaJ  structure  may  be  different     Hence  the  expansions  of  the  sam 
stance^  as  given  by  different  experimenters^  do  not  always  exactly  correspond*^ 
same  glass  has  been  observed  to  dilate  more  when  in  the  form  of  a  solid  rod 
in  that  of  a  tube ;  and  the  numerous  experiments  on  uncrystallized  bodies,  whi 
possess,  have  afforded  no  ground  for  general  deductions. 

It  has  been  further  observed,  that  the  same  solid  is  more  expansible  at  higi 
at  low  temperatures,  although  the  increase  in  the  rate  of  expansion  is  in  genen 
considerable.  Thus,  if  we  mark  the  progrej«  of  the  dilatation  of  a  bar  of  iron  i 
a  graduated  heat,  we  find  that  the  increase  in  dimension  is  greater  for  one  degi 
heat  near  the  boiling  point  of  water,  than  for  one  degree  near  its  freezing  | 
Solids  are  observed  to  expand  at  an  accelerated  rate,  in  particular,  when  heai 
to  near  their  fusing  points.    The  cohesion  or  attraction  which  subsists  betwet 
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particles  of  a  solid  is  supposed  to  resist  the  expansive  power  of  lieat.  But  many 
solids  become  less  tenacious,  or  soften  before  melting,  which  may  account  for  their  in- 
creasing expansibility.     PlaUnum  is  the  most  uniform  in  its  expansions  of  the  metals. 

Such  changes  in  bulk,  from  variations  in  temperature^  take  place  with  irresistible 
force.  This  is  well  illustrated  in  an  experiment,  which  was  first  made  upon  a  gallery 
in  the  Museum  of  Arts  and  Manufactures  in  Paris,  in  order  to  preserve  it,  and  has 
been  successfully  repeated  in  many  other  buildings.  The  opposite  walls  of  the 
edifice  referred  to  were  bulging  outwards,  from  the  pressure  of  the  floors  and  roof, 
which  endangered  its  stability.  By  the  directions  of  an  ingenious  mechanic,  stout 
iron  rods  were  laid  across  the  buiMing,  with  their  extremities  projecting  through  the 
opposite  walls  so  as  to  bind  them  together.  Half  the  number  of  the  rods  were  then 
strongly  heated  by  means  of  lamps,  and,  when  in  an  expanded  condition,  a  disc  on 
cither  extremity  of  each  rod  was  screwed  firmly  up  against  the  external  surface  of 
the  wall.  On  afterwords  allowing  the  rods  to  cool,  they  contracted,  and  drew  the 
walls  to  which  they  were  attached  somewhat  nearer  together.  The  process  was 
several  times  repeated,  till  the  walls  were  restored  to  a  perpendicular  position. 

The  force  of  expansion  always  requires  to  be  attended  to  in  the  arts,  when  iron  is 
combined  in  any  structure  with  less  expansible  materials.  The  cope-stones  of  walls 
are  sometimes  held  together  with  clamps,  or  bars  of  iron  :  such  bars,  if  of  cast  iron, 
which  is  brittle,  often  break  on  the  first  frost,  from  a  tendency  to  contract  more  than 
the  stone  will  permit;  if  of  malleable  iron,  they  generally  crush  the  stone,  and 
loosen  themselves  in  their  sockets.  When  cast  iron  pipes  are  employed  to  conduct 
hot  air  or  steam  through  a  factoiy,  they  are  never  allowed  to  abut  against  a  wall  oi 
an  obstacle  which  they  might  in  expanding  overturn.  Lead,  from  its  extreme 
softness,  is  permanently  expanded  when  repeatedly  heated ;  a  waste  steam  pipe  of 
that  metal  being  elongated  several  inches  in  a  few  weeks. 

A  compound  bar,  made  by  riveting  or 
soldering  together  two  thin  plates  of  copper  ^^^*  ^• 

and  platinum,  affords  a  cood  illustration  of 
unequal  expansion  bj  neat.  The  copper 
plate,  being  much  more  expansible  than  pla- 
tinum, the  bar  is  bent  upon  the  application 
of  heat  to  it;  and  in  such  a  manner,  that 
the  copper  is  on  the  outside  of  the  curve. 
The  reverse  is  produced  when  the  bar  is  cooled. 

It  may  easily  be  conceived,  that  by  a  proper     ^^a^B^m^^^^^fa^^aB^Bfa^ 
attention  to  the  expansions  of  the  metals  of 
which  it  is  composed,  a  bar  of  this  kind 

might  be  so  constructed,  that  although  it  was  heated  and  expanded,  its  extreme 
points  should  always  remain  at  the  same  distance  from  each  other,  the  lengthening 
being  compensated  for  by  the  bending.  The  balance-wheels  of  chronometers  are 
preserved  invariable  in  their  diameters,  at  all  temperatures,  by  a  contrivance  of  this 
kind.  It  has  also  boen  applied  to  the  construction  of  a  thermometer  of  solid  mate- 
rials —  that  of  Breguet. 

When  hot  water  is  suddenly  poured  upon  a  thick  plate  of  glass,  the  upper  surface 
18  heated  and  expanded  before  tlie  heat  penetrates  to  the  lower  surface  of  the  plate. 
There  is  here  unequal  expansion,  as  in  the  slip  of  copper  and  platinum.  The  glass 
tends  to  bend,  with  the  hot  and  expanded  surface  on  the  outside  of  the  curve,  but 
is  broken  from  its  want  of  flexibility.  The  occurrence  of  such  fractures  is  best 
avoided  by  applying  heat  to  glass  vessels  in  a  gradual  manner,  so  as  to  occasion  no 
great  inec{uality  of  expansion ;  or  by  using  very  thin  vessels,  through  the  substance 
of  which  heat  is  rapidly  transmitted. 

This  effect  of  heat  on  glass  may  by  a  little  address  be  turned  to  advantage. 
Watch-glasses  are  cut  out  of  a  thin  globe  of  glass,  by  conducting  a  crack  in  a  proper 
diroctiony  by  means  of  an  iron  rod,  or  piece  of  tobacco  pipe,  heated  to  redness. 
Glass  vessel  damaged  in  the  laboratory  may  often  be  divided  in  the  same  manner 
and  still  made  avaikble  for  useful  puiposes. 
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Both  cast  iron  and  glass  are  peculiarly  liable  to  accidents  from  unequal  expi 
when  in  the  state  of  flat  plates.  Plate  glass,  indeed,  can  never  be  heated  ^ 
risk  of  its  breaking.  The  flat  iron  plates  placed  across  chimneys  as  dampe 
also  very  apt  to  split  when  they  become  hot,  and  much  inconvenience  haa 
been  experienced  in  manufactories  from  this  cause.  A  slight  curvature  in  thei 
has  been  found  to  protect  them  most  effectually. 

Expansion  of  liquids."^ — ^In  liquids  the  expansive  force  of  heat  is  little  n 
by  cohesive  attraction,  and  is  much  more  considerable  than  in  solids.     This 
strikingly  exhibited  by  filling  the  bulb  and  part  of  the  stem  of  a  common  tl 
meter  tube  with  a  liquid,  and  applying  heat  to  it*  The  liquid  is  seen  imme< 
to  mount  in  the  tube. 

The  first  law,  in  the  case  of  liquids,  is  that  some  expand  much  more  consid 
by  heat  than  others.  Thus,  on  being  heated  to  the  same  extent,  namely,  fr« 
freezing  to  the  boiling  point  of  water — 

Spirit  of  wine  expands J,  that  is,    9  measures  become  10 

Fixed  oils J^,      «       12  "  13 

Water ^S^^,    «'       2276  «  23-76 

Mercury ^"^.3,     «      55-6  "  60  6 

Spirit  of  wine  is,  therefore,  six  times  more  expansible  by  heat  than  mere 
The  difference  in  the  heat  of  the  seasons  affects  sensibly  the  bulk  of  spirits, 
height  of  summer,  spirits  will  measure  5  per  cent,  more  than  in  the  depth  of  1 

The  new  liquids  produced  by  the  condensation  of  gases  appear  to  be  characi 
by  an  extraordinary  dilatability.  M.  Thilorier  has  observed,  that  fluid  carboni 
is  more  expansible  by  heat  than  air  itself;  heated  from  32°  to  86°,  twenty  vc 
of  this  liquid  increase  to  twenty-nine,  which  is  a  dilatation  four  times  greate 
is  produced  in  air,  by  the  same  change  of  temperature.  (Annales  de  Chimic 
Physique,  t.  60,  p.  427.)  Mr.  Kemp  extended  this  observation  to  liquid  sulpl 
acid  and  cyanogen,  which,  although  not  possessing  the  excessive  dilatability  of 
carbonic  acid,  arc  still  greatly  more  expansible  than  ordinary  liquids.  SiV  D. 
ster  had  several  years  before  discovered  certain  fluids  in  the  minute  cavities  of 
and  quartz,  which  seemed  to  bear  no  analogy  to  any  other  then  known  liqi 
their  extraordinary  dilatability.  They  do  not  appear  to  have  been  entirely  liq 
gases,  but  probably  were  so  ii^  part.  (Edinburgh  Phil.  Journ.  vol.  ix.  p.  94,  ! 
vol.  xvi.  p.  11,  1845.) 

A  singular  correspondence  has  been  observed,  by  M.  6ay-Lussac,  TAnn.  de  CI 
t.  2,  p.  130,)  between  two  particular  liquids  —  alcohol  and  bisulpnuret  of  ci 
in  the  amount  of  their  expansion  by  heat :  although  each  of  these  liquids 
peculiar  temperature  at  which  it  boils — 

Alcohol  at 173<» 

Sulphuret  of  carbon  at 1 16° 

still  the  ratios  of  expansions  from  the  addition,  and  of  contraction  from  the  1( 
heat,  are  found  to  be  uniformly  the  same  in  these  two  liquids,  compared  at  the 
distance  from  their  respective  boiling  points.  A  similar  relation  has  lately 
observed  by  M.  Isidore  Pierre,  between  the  bromide  of  ethyl  and  bromide  of  mi 
and  between  the  iodide  of  ethyl  and  iodide  of  methyl,  which  does  not  appear  to 
between  a  jjair  of  isomeric  bodies,  which  were  also  compared, — namely,  the  for 
of  oxide  of  ethyl  and  the  acetate  of  oxide  of  methyl.  The  observations  made 
this  view  on  four  different  groups  of  liquids,  including  those  mentioned,  are 
exhibited,  the  degrees  of  temperature  being  of  Fahrenheit's  scale :  *  — 

1  M.  Pierre  has  also  examined  the  dilatations  of  water,  oxide  of  ethyl  (ether),  and 
ride  of  ethyl.  The  results  he  has  already  published  are  the  most  exact  and  valual 
possess  on  the  subject  of  the  dilatation  of  liquids ;  and  he  is  proceeding  with  his  e3 
ments.    Ann.  de  Chimie,  &c.,  8  sdrie,  t.  15,  p.  825.     1845. 

•  [Sec  SnppUmentf  p.  628.] 
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CONTRACTION  OF   LIQUIDS   FKOM   THE  BOILING   POINT   (PIEBRE). 


^r 

fcr  Hcb  eraup. 

■ii(  ieoipu>»- 

■t  b..i|lin 

m'^."^'... 

Sulphoret  of  oorbon  .... 

118-33° 
17104' 
15134= 

los-ao" 

55-4" 

15S» 
11084° 

lS7-3a» 
13U-10» 

—  S2-72" 
33» 

—  Ifr4<' 

3a» 

— 1786' 

32° 

—  15-ia" 

—  MIS' 
— 16-8" 

32" 

14034' 

73-200 
73-20'* 

ISO" 
ISO" 

107-1° 
107- !<■ 

0-913099 
0-914453 
0905810 

0-944375 
0044575 

O01B704 
0-910M3 

0-91032.-1 
0918750 

BromiJooreihyl 

Bioinido  of  melhyl 

Ill,  eiour. 
lodiileof  eiliyl  

Formiateofoiiaaofelliyl 
Acetaieofoxidc  of  methyl 

I  have  only  to  add  tho  following  rcsulta  obtaiocd  by  il,  Muocke,  of  St.  Fctcrg- 
borgb : '  — 

EXPANSION   OF  LtQUTDS,  VOLCME  AT  32"   bXhR.  BEING   1. 
Solution  of  DtBEnonis  (sp.  gr.  0-0405)  ...  1-0108310  at  118'  (46*  Centlg.) 

Ilvdroehlorio  acid  Wp.  RT.  1-1078) 1-0258608   "     " 

Ki'tnc  acid  <Bp.  gr.  1-4405) l-M7Ji512   "     " 

"       "         1-1148858  nt  212' (100"  Centig.) 

Solphurio  acid  (Bp.  gr.  1-830) l-05T840o  at  212° 

"     1-1388577  at  44C»  (2S0=  Cenllg.) 

Bectified  petroleum  (Bp.  gr.  0-7818)  l-lOfiOO.iil  at  203"  (05'    Centig.} 

Almond  oil         1-078TO05  at  212°  {100' Ceoiig.) 

The  sccoQcl  Uw  is,  that  liquids  are  pnigrcssivcly  moro  expansible  at  higher  than 
at  lower  temperatures.  Tliis  i.i  Iras  tho  case  with  mercury,  perhaps,  than  with  any 
other  linnid.  The  expansions  of  that  liquid  are,  indeed,  bo  uuiforin,  as  to  render  it 
extremely  proper  for  the  eonstruction  of  the  thermometer,  as  will  afterwards  appear. 
The  rate  of  expaDsion  of  mercury  was  determined  wittf  extraordinary  care  by  Ihi* 
long  and  Petit. 


According  to  tho  samo  ex- 
perimenters, tho  cxpansioQ  of 
mercuiy,  confined  in  gloss 
tubes,  is  only  1  on  64-3.  Tho 
dilatation  of  the  glass  causes 
the  capacity  of  the  inatrament 
to  be  eulai^ed,  so  that  the 
whole  expansion  of  the  mer- 
cury is  not  indicated.  Tho 
only  modo  in  which  tho  error 
introduced  by  the  cxpannou 
of  the  enclosing  ressel  can  be 
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avoided,  in  ascertdniDg  the  expansion  of  liquids,  is  that  practised  by 
Petit :  namely,  heating  the  liquid  in  one  limb  of  a  syphon  (see  fig.  2),  and 
how  high  it  rises  above  the  level  of  the  same  liquid  in  the  other  limb, 
constant  temperature.     The  columns  of  course  balance  each  other^  and 
column  of  dense  fluid  supports  a  longer  column  of  dilated  fluid.     All  ol 
of  obtaining  the  absolute  expansions  of  liquids  are  fSullacious. 

No  progress  has  yet  been  made  in  discovering  the  law  bv  which  e: 
liquids  are  regulated ;  for  the  complicated  mathematical  formula)  of  Biot, 
and  others,  are  mere  general  expressions  for  these  expansions,  which  pi 
no  ascertained  physical  principle.     Some  theory  must  be  formed  of  the 
of  liquids,  before  we  can  hope  to  account  for  their  expansions. 

Count  Rumford  ascertained  the  contraction  of  water  for  every  22 i 
cooling  from  212**  to  32**.     The  results  are  as  follows :  — 

2000  measures  of  water  contract  — 

In  cooling  224  degrees,  or  from  212®  to  189i<» 18 
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The  expansion  of  water  by  heat  is  subject  to  a  remarkable  pcculiaril 
occasions  it  to  be  extremely  irregular,  and  demands  special  notice.  This 
a  certain  range  of  temperature,  becomes  an  exception  to  the  very  general  | 
bodies  expand  by  heat.  When  heat  is  applied  to  ice-cold  water,  or  wat4| 
temperature  of  32°,  this  liquid,  instead  of  expanding,  contracts  by  every  I 

of  heat,,  till  its  temperature  rises  to  40®,  at  or  very  noj 
temperature  water  is  as  dense  as  it  can  be.  And,  cod| 
when  water  of  the  temperature  of  40°  is  exposed  tdj 
actually  expands  with  the  progress  of  the  refrigeratioifi 
may,  with  caution,  be  cooled  20  or  25  degrees  b| 
freezing  point,  in  the  fluid  form,  and  still  condnue  to) 
It  is  curious  that  this  liquid,  in  a  glass  bulb,  expands  i 
as  possible  to  the  same  amount  on  each  side  of  49 
either  heated  or  cooled  the  same  number  of  degrees,  j 
when  cooled  to  36°  it  rises  to  the  same  point  in  th«^ 
when  heated  to  44° ;  at  32°  it  stands  at  the  same  pel 
48° ;  at  20°,  at  the  same  point  as  at  60°,  tcmperatd 
8).  The  expansion  of  wat^r  by  cold,  under  40°,  is  fj 
not  very  great,  being  little  more  than  1  part  in  11 
32° ;  hence  it  was  early  suspected  that  it  might  be  alij 
from  the  contraction  of  the  glass  bulb  (in  which  thd 
ment  was  always  made)  forcing  up  the  water  in  tB 
But  all  grounds  of  objection  on  this  score  have  been  i 
by  the  mode  in  which  the  experiment  has  subsequent 
conducted,  particularly  in  the  researches  of  the  late  Di 
of  Edinburgh,  on  this  subject.  (Phil.  Trans,  vol.  v.  ] 
Dr.  Hope  carried  a  deep  glass  jar,  filled  with  wateJ 
temperature  of  50°,  into  a  very  cold  room ;  and  hoi 
mereed  two  small  thermometers  in  the  water,  one  n 
surface,  and  the  other  at  the  bottom  of  the  jar,  watcb 
indications  as  the  cooling  proceeded.  The  thermometer  above  indicated  a  ti 
tui£  higher  by  several  degrees  than  the  thermometer  below,  til]  the  temperal 
to  40°,  that  is,  the  chilled  water  fell  as  usual  to  the  bottom  of  the  jar,  or 
denser  as  it  lost  heat^  as  illustrated  in  fig.  4.     At  40°  the  two  thermometi 
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fi^  some  time  eteadj  (fig.  5),  but 
as  UiQ  ocwling  proMedcd  bcjond 
\  tbat  point,  the  inetrumeDt  in  the 
higher  sitaation  indicatiag  the 
lower  temperabire,  (fig.  6);  or 
the  water  now  as  it  became  colder, 
became  lighter,  and  rose  to  the 
top.  A  better  demonstration  of 
the  fact  in  qnestion  could  not  be 
devised. 

Great  pains  have  been  taken 
by  aevcral  philosophers  to  deter- 
mioe  the  eiaet  temperature  of  this  turning  point  at  which  water  possessca  its  maxi- 
mam  density.  By  the  elaborate  experimcnis  of  both  n^Ustrom  and  of  Muncke  and 
Stampfcr,  aa  calculated  by  Hallstrom,  this  point  is  SO'^SS,  or  4°1  Centigrade. 
Rudbera  haa  more  recendy  obtained  4°-02  C-,  and  Despretz  4''00  C,  or  39°-2 
Fahr.,  the  number  now  generally  taken.  Sir  C.  BlagJen  and  Mr.  Gilpin  had  made 
it  39°.     Dr.  Hope  bad  estimated  it  at  30)°.' 

When  Bait  is  dissolved  in  water,  the  lemperaturo  of  maiimum  density  becomes 
lower  and  lower,  in  proportion  to  the  quantity  of  ^alt  in  solution,  and  sinking  below 
the  frcciing  point  of  the  liquid,  the  anomaly  disappears.  This  is  the  reason  why 
the  property  in  qnestion  cannot  be  observed  in  sea  water. 

There  is  a  solid  body  which  prceenta  the  only  other  known  parallel  case  of  pro< 
grenve  contraction  by  beat;  this  is  Bose's  fusibla  metal,  which  is  an  alloy  of — 


A  bar  of  thia  metal  expands  progressively,  like  other  bodies,  till  it  attuns  the  tem- 
perature of  111°  ;  it  then  rapidly  contracts  by  the  continued  addition  of  heat,  nod 
at  156°  attains  ita  maximum  density,  occupying  less  space  than  it  docs  at  the  frceE- 
ing  point  of  water.  It  afterwards  proErcssively  expands,  melting  at  201°.  It  may 
be  remarked,  however,  of  this  body,  that  it  is  a  chemical  compound,  of  a  kind  in 
which  a  change  of  constitution  is  veiy  likely  to  occur  ftom  a  change  in  temperature ; 
and  that  it  cannot,  therefore,  be  fiiirly  compared  with  water. 

The  dilatation  which  water  undergoes  below  30°  has  been  supposed  to  be  con- 
nected with  its  sadden  increase  in  volume  in  freezing,  for  ice  is  lighter  than  water, 
bulk  for  bulk,  in  the  proportion  of  92  to  100.  The  water,  it  is  said,  may  begin  to 
pass  partially  into  the  solid  form  at  39°,  although  the  change  is  not  complete  till 
the  temperatnre  sinks  to  32°.  But  such  an  assumption  is  altogether  gratuitous,  and 
improbable  in  Uie  extreme. 

The  exttKordinory  irregularity  in  the  dilatation  of  water  by  heat  is  not  only  curious 
in  itself,  but  also  of  the  utmost  consequence  in  the  economy  of  nature.  When  the 
cold  sets  in,  the  sur&ce  of  our  rivers  and  lakes  is  cooled  by  the  conbict  of  the  cold 
ur  and  other  causes.  The  superficial  water  so  cooled,  sinks  and  ^ves  place  to 
warmer  water  from  below,  which,  chilled  in  its  turn,  sinks  in  like  manner.  The 
progress  of  cooling  in  the  lake  goes  on  with  considerable  rapidity,  so  long  as  tho 
cola  water  descends  and  exposes  that  not  hitherto  cooled.  But  this  circulation, 
which  accelerates  tho  cooling  of  a  mass  of  water  in  so  extraordinary  a  degree,  ceases 
entirely  wb»^n  tho  whole  water  has  been  cooled  down  to  the  temperature  of  40*, 
which  is  still  eight  degrees  above  the  freezing  point.  Thereafter  the  chilled  surface 
water  expands  as  it  loses  its  heat,  and  remains  at  the  top,  from  its  lightness,  whilo 
the  cold  is  very  imperfectly  propagated  downwards.  The  surface  in  the  end  freezes, 
and  the  ice  may  thicken,  but  at  tho  depth  of  a  few  feet  the  temperature  is  not  under 

■  For  table)  of  ihe  volnme  or  waier  at  diffeient  temperatures,  seo  Appendix  I. 
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40°,  which  is  high  when  compared  with  that  frequently  experienced,  even 
climate,  during  winter. 

If  water  continued  to  become  heavier,  until  it  arrived  at  the  freezing  tempc 
the  whole  of  it  would  be  cooled  to  that  point  before  ice  began  to  be  formed;  i 
consequence  would  be,  that  the  whole  body  of  water  would  rapidly  be  convert 
ice,  to  the  destruction  of  every  being  that  inhabits  it.  Our  warmest  summers 
make  but  little  impression  upon  such  masses  of  ice ;  and  the  cheerful  climate, 
we  at  present  enjoy,  would  be  less  comfortable  than  the  frozen  regions  of  tfa 
Upon  such  delicate  and  beautiful  adjustments  do  the  order  and  harmony  of  tl 
verse  depend. 

Expansion  of  gases,  —  The  expansion  by  heat  in  the  different  forms  of  mi 
exceedingly  various. 

By  being  heated  from  32°  to  212°, 

1000  cubic  inches  of  iron  become  1004 
1000  «  water     "       1045 

1000  «  air  «       1366 

Ghses  are,  therefore,  more  expansible  by  heat  than  matter  in  the  other  two 
tions  of  liquid  and  solid.     The  reason  is,  that  the  particles  of  air  or  gas,  fii 
being  under  the  influence  of  cohesive  attraction,  like  solids  or  liquids,  are  ao 
by  a  powerful  repulsion  for  each  other.  The  addition  of  heat  mightily  enhana 
repulsive  tendency,  and  causes  great  dilatation.  \ 

The  rate  of  the  expansion  of  air  and  gasj^s  from  increase  of  temperature,  waj 
involved  in  considerable  uncertainty.  *  This  arose  from  the  neglect  of  thai 
experimenters  to  dry  the  air  or  gas  upon  which  they  operated.  The  presenci 
little  water  by  rising  in  the  state  of  steam  into  the  gas,  on  the  application  of 
occasioned  great  and  irregular  expansions.  But  in  1801,  the  law  of  the  diU 
of  gases  was  discovered  by  M.  Gay-Lussac,  of  Paris,  and  by  our  country mi| 
Dalton,  independently  of  each  other.  It  was  discovered  by  these  philosoph 
all  gases  experience  the  same  increase  in  volume  by  the  application  of  th^ 
degree  of  heat,  and  that  the  rat<2  of  expansion  continues  uniform  at  all  tempe 

Dr.  Dalton  confined  a  small  portion  of  dry  air  over  mercury  in  a  gradua 
He  marked  the  quantity  by  the  scale,  and  the  temperature  by  the  thermi 
He  then  placed  the  whole  in  circumstances  where  it  was  uniformly  heated 
c<?rtain  temperature,  and  observed  the  expansion.     Gay-Lussac's  apparatus  wa 
complicated,  but  calculated  to  give  very  precise  results.  He  found  that  1000 
of  air,  on  being  heated  from  32°  to  212°,  become  1375,  which  agree*',  very 
with  Dalton's  result.     The  expansion  was  lately  corrected  by  Rudbcrg,  who 
that  1000  volumes  of  air  expand  to  1365.  « 

The  still  more  recent  and  exact  researches  of  Magnus  and  of  Eegnault  J 
the  expansion  of  air  from  32°  to  212°,  JgJ-^,  or  |J  of  its  volume  at  32^1^ 
dilatation  for  every  degree  of  Fahrenheit  is  0  002036  (Regnault);  or  j^r.^  pi 

It  follows,  consequently,  that  air  at  the  freezing  point  expands  j^^  part? 
bulk  for  every  added  degree  of  heat  on  Fahrenheit's  scale  :  that  is  — 

491  cubic  inches  of  air  at  82®  become  , 

492  "  "  83<>  'H 

493  "  "  84«,  &c. 

increasing  one  cubic  inch  for  every  degree.     A  contraction  of  one  cubic  inch  i 
for  every  degree  below  32°. 

491  cubic  inches  of  air  at  82°  become 
490  •*  "  31° 

489  "  «*  80° 

488  "  "  29°,  &o. 

We  can  easily  deduce,  from  this  law,  the  expansion  which  a  certain  voluuM 
at  a  given  temperature  will  undergo,  by  heating  it  up  to  any  particular  tem^ 
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or  the  contraction  that  will  result  from  cooling.*  Air  of  the  temperature  of  freezing 
water,  has  its  volume  doubled  when  heated  491  degrees,  and  when  heated  982  de- 
grees, or  twice  as  intensely,  its  volume  is  tripled,  which  is  the  effect  of  a  low  red  heat. 
A  slight  deviation  from  exact  uniformity  in  the  expansion- of  different  gases  was 
established  by  the  rigorous  experiments  of  both  Magnus  (Ann.  de  Chim.  &c.  3  s^r. 
t.  4,  p.  330 ;  et  t.  6,  p.  353)  and  Regnault  (ibid.  t.  4,  p.  5 ;  et  t.  6,  p.  370).  The 
more  easily  liquefied  gases,  which  exhibit  a  sensible  departure  from  the  law  of 
Mariotte,  are  more  expansible  by  heat  than  air,  as  will  appear  by  the  following 

table :  — 

Expansion  upon  1  volume  from 
Names  07  the  Gases.  82''  to  212<'. 

Heonault.  Magnus. 

Atmospheric  oir 0-86650 0-306508 

Hydrogen 0-86678 0-865659 

Carbonic  acid 0-36896 0-369087 

Sulphurous  acid 0-36696 9-885618 

Nitrogen 0-36682 

Nitrous  oxide 0-86763 

Carbonic  oxide .'. 0-36667 

Cyanogen 0-36821 

Hydrochloric  acid 0-36812 

The  expansion  is  also  found  to  be  sensibly  greater  when  the  gas  is  in  a  compressed 
than  when  in  a  rare  state ;  and  the  results  above  strictly  apply  only  to  the  gases 
under  the  atmospheric  pressure. 


THE  THERMOMETER, 

An  instrument  for  indicating  variations  in  the  intensity  of  heat,  or  degrees  of  tem- 
perature, by  their  effect  in  expanding  some  body,  was  invented  more  than  two  cen- 
turies ago,  and  has  received  successive  improvements. 

The  expansions  of  solids  are  too  minute  to  be  easily  measured,  and  cannot,  there* 
fore,  be  conveniently  applied  to  mark  degrees  of  heat.  Air  and  gases,  on  the  other 
hand,  are  so  much  dilated  by  a  slight  increase  of  heat,  that  they  are  not  calculated 
for  ordinary  purposes.  The  first  thermometer  constructed,  however,  that  of  Sanc- 
torio,  was  an  air  one.  A  glass  tube,  open  at  one  end,  with  a  bulb 
blown  upon  the  other  (fig.  7),  was  slightly  heated,  so  as  to  expel  ^^^'  '^-  ^^^'  ^• 
a  portion  of  the  air  from  it,  and  then  the  open  end  of  the  tube  ^  v  ^^^ 
was  dipped  under  the  surface  of  a  coloured  fluid,  which  was  al-  C  )  C  ^ 
lowed  to  rise  into  the  tube,  as  the  air  cooled  and  contracted. 
When  heat,  the  heat  of  the  hand  for  instance,  is  applied  to  the 
bulb,  the  air  in  it  is  expanded,  and  depresses  the  column  of  co- 
loured fluid  in  the  tube.  A  useful  modification  of  the  air  ther- 
mometer, for  researches  of  great  delicacy,  was  contrived  by  Sir 
John  Leslie,  under  the  name  of  the  Differential  Thermometer. 
In  this  instrument  two  close  bulbs  are  connected  by  a  syphon 
containing  a  coloured  liquid  (fig.  8).  If  both  bulbs  be  equally 
heated,  the  air  in  each  is  equally  expanded,  and  the  liquid  be- 
tween them  remains  stationary.  But  if  the  upper  bulb  only  be 
heated,  then  the  air  in  that  bulb  is  expanded,  and  the  column 
of  liquid  depressed.  It  is,  therefore,  the  difference  of  tempera- 
ture between  the  two  bulbs  which  is  indicated. 

1  As  491  cubic  inches  of  air  at  82^  become  459  cubic  Inches  at  0°,  air  may  be  stated  to 
expand  ^ jjth  part  of  its  volume  at  the  zero  of  Fahrenheit  for  each  degree.  That  is,  459 
volumes  of  air  at  0®  become  at  50°,  469  +  50  volumes,  or  509  volumes ;  at  60°,  459  +  60 
volumes,  or  519  volumes.  Hence  the  expansion  of  100  volumes  of  air  from  50°  to  00°  is 
obtained  by  the  proportion  — 

Meas.  at  50°.        Mcas.  at  60°.        Meas.  at  50°.        Meas.  nt  60°. 
500  :  519  ::  100  :  101*96 
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But  liquids  fortunately  are  intermediate  in  their  expansions  between  so] 
gases,  and  when  contained  in  a  glass  vessel  of  a  proper  form,  the  changes 
which  they  undergo  can  be  indicated  to  any  degree  of  precision. 

A  hollow  glass  stem  or  tube  is  selected,  the  calibre  or  bore  of  which  mi 
any  convenient  size,  but  must  be  uniform,  or  not  wider  at  one  place  than  ; 
Tubes  of  very  narrow  bore,  and  which  are  called  capillary ^  the  bore  bein| 
hair  in  magnitude,  are  now  alone  employed.  Such  tubes  are  made  by  rapid! 
ing  out  a  hollow  mass  of  glass  while  soft  and  ductile  under  the  influence 
The  central  cavity  still  continues,  becoming  the  bore  of  the  tube,  and  wo 
cease  to  exist  although  the  tube  were  drawn  out  into  the  finest  thread.  Pi 
mode  in  which  capillary  tubes  are  made,  their  equality  of  bore,  and  suitable 
thermometers,  cannot  always  be  depended  upon.  The  bore  is  frequently  coi 
wider  at  one  end  than  at  the  other.  It  is  tested  by  drawing  up  into  the  tube 
mercury,  as  much  as  fills  a  few  lines  of  the  cavity.  The  little  column  is  thei 
progressively  along  the  tube,  and  its  length  accurately  measured,  at  every  si 
a  pair  of  compasses.  The  column  will  measure  the  same  in  every  part  of  tl 
provided  the  bore  does  not  alter.  Not  more  than  one-sixth  part  of  the  tube 
are  found  to  possess  this  requisite. 

Satisfied  with  the  regularity  of  the  bore,  the  thermometer-maker  softc 
extremity  of  the  tube,  and  blows  a  ball  upon  it.  This  is  not  done  by  the 
which  would  moisten  the  interior,  by  introducing  watery  vapour,  but  by  meai 
elastic  bag  of  caoutchouc,  which  is  fitted  to  the  open  end  of  the  tube.  £ 
marks  off  the  length  which  the  thermometer  ought  to  have,  and  above  tht 
expands  the  tube  into  a  second  bulb  a  little  larger  than  the  first.     It  has  tl 

of  fig.  9.  After  cooling,  the  open  ex 
^^'  ^*  of  the  tube  is  plun^  into  distil 

well-boiled  mercury,  and  one  of  th 
heated  so  as  to  expel  air  from  it 
the  cooling,  the  mercury  is  drawn 
rises  into  the  ball  a.     It  is  made 
==  from  thence  into  the  ball  6,  by  \ 
the  instrument,  so  that  h  is  und 
and  then  expelling  the  air  from  th 
by  applying  heat  to  it,  after  whi 
mercury  descends,  from  the  effect  i 
ing.     The  ball  5,  being  entirely  filled  with  mercury,  and  a  portion  left  in 
tube  is  supported  by  an  iron  wire,  as  represented  in  the  figure,  over  a  chanx 
where  it  is  heated  throughout  its  whole  length,  so  as  to  boil  the  mercury,  the 
of  which  drives  out  all  the  air  and  humidity,  and  the  balls  contain  at  the  end  x 
but  the  metal  and  its  vapour.     The  open  end  of  the  tube,  which  must  not 
hot,  is  then  touched  with  sealing-wax,  which  is  drawn  into  the  tube  on  meltio 
solidifies  there  on  protecting  that  end  of  the  tube  from  the  heat.     That  bein^ 
the  thermometer  is  immediately  withdrawn  from  the  fire,  and  being  held  wi 
end  sealed  with  wax  uppermost,  during  the  cooling  the  ball  3,  and  the  port 
llie  tube  below  the  ball  <i,  are  filled  with  mercury.     After  cooling,  the  instrua 
inclined  a  little,  and  by  warming  the  lower  ball,  a  portion  of  mercury  is  ei 
from  it,  so  that  the  mercury  may  afterwards  stand  at  a  proper  height  in  th 
when  the  instrument  is  cold.     The  tube  is  then  melted  with  care  by  the  bla 
flame  below  the  ball  a,  and  closed,  or  hermetically  sealed,  as  in  c.  The  thcrmc 
is  in  this  way  properly  filled  with  mercury,  and  contains  no  air. 

We  have  now  an  instrument  in  which  we  can  nicely  measure  and  compai 
change  in  the  bulk  of  the  included  fluid  metal.  Having  previously  made  81 
the  equality  of  the  bore,  it  is  evident  that  if  the  mercury  swells  up  and  rise 
three,  four,  or  five  inches  in  the  tube,  it  has  expanded  twice,  thrice,  four,  c 
dmes  more  than  if  it  had  risen  only  one  inch  in  the  tube.  By  placing  a  graduatec 
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aguDst  the  tabe^  we  can  therefore  learn  the  qaantity  of  expansion  by  simple  in- 
spection. 

In  order  to  have  a  fixed  point  on  the  scale,  from  which  to  begin  counting  the 
expansion  of  mercnry  by  heat,  we  plunge  the  bulb  of  the  thermometer  into  melting 
ice,  and  put  a  mark  on  the  stem  at  the  point  to  which  the  mercuiy  falls.  However 
frequently  we  do  so  with  the  same  instrument,  we  shall  find  that  the  mercury  always 
falls  to  the  same  point.  This  is,  therefore,  a  fixed  starting  point.  We  obtain  an- 
other fixed  point  by  plunging  the  thermometer  into  boiling  water.  With  certain 
precaudons,  this  point  will  be  found  equally  fixed  on  every  repetition  of  the  experi- 
ment. The  most  important  of  these  precautions  is,  that  the  barometer  be  observed 
to  stand  at  30  inches,^  when  the  boiling  point  is  taken.  It  will  afterwards  be 
explained  that  the  boiling  point  of  water  varies  with  the  atmospheric  pressure  to 
which  it  is  subject  at  the  time. 

Thermometers  which  are  properly  closed,  and  contain  no  air,  can  be  inverted 
without  injury,  and  the  mercury  fiills  into  the  tube,  producing  a  sound  as  water 
does  in  the  water-hammer.  When  the  instrument  contains  air,  the  thread  of  mer- 
cury is  apt  to  divide  on  inversion,  or  from  other  circumstances.  When  this  accident 
occurs,  it  is  best  remedied  by  attaching  a  string  to  the  upper  end  of  the  instrument, 
and  whirling  it  round  the  head.  The  detached  little  column  of  mercury  generally 
acquires  in  this  way  a  centrifogal  force,  which  enables  it  to  pass  the  air,  and  rejoin 
the  mercury  in  the  bulb. 

When  the  glass  of  the  bulb  is  thin,  it  is  proper  to  seal  the  tube  as  described,  and 
to  retain  it  for  a  few  weeks  before  marking  upon  it  the  fixed  points.  Thermometers, 
however  carefully  graduated  at  first,  are  found  in  a  short  time  to  stand  above  the 
mark  in  melting  ice,  unless  this  precaution  be  attended  to.  Old  instruments  often 
err  by  as  much  as  half  a  degree,  or  even  a  degree  and  a  half,  in  this  way.'  The 
effect  is  supposed  to  arise  from  the  pressure  of  the  atmosphere  upon  the  bulb, 
which,  when  not  truly  spherical,  seems  to  yield  slightly,  and  in  a  gradual  manner. 
The  chance  of  this  defect  may  be  avoided  by  giving  the  bulb  a  certain  thickness. 
Mr.  Crichton's  thermometers,  of  which  the  freezing  point  has  not  altered  in  forty 
years,  were  all  made  unusually  thick  in  the  glass.  But  this  thickness  has  the 
disadvantage  of  diminbhing  the  sensibility  of  the  instrument  to  the  impression  of 
heat. 

We  have  in  this  way  the  expansion  marked  off  on  the  tube,  which  takes  place 
between  the  freezing  and  boiling  points  of  water.  On  the  thermometer  which  is 
used  in  this  countnr,  and  called  Fahrenheit's,  this  space  is  subdivided  into  180  equal 
parts,  which  are  called  degrees.  This  division  appears  empirical,  and  different  reasons 
are  given  why  it  was  originally  adopted.  But  as  Fahrenheit,  who  was  an  instru- 
ment-maker in  AmsterdzuQ,  kept  his  process  for  graduating  thermometers  a  secret, 
we  can  only  form  conjectures  as  to  what  were  the  principles  that  guided  him. 

It  is  more  convenient  to  divide  the  space  between  the  freezing  and  boiling  of 
water  into  100  equal  parts,  which  was  done  in  the  instrument  of  Celsius,  a  Swedish 
philosopher.  This  division  was  adopted  at  a  later  period  in  France,  under  the 
designation  of  the  Centigrade  scale,  and  is  now  generally  used  over  the  continent. 
The  freezing  point  of  water  is  called  0,  or  zero,  and  the  boiling  point  100.  But  in 
our  scale,  the  point  is  arbitrarily  called  32^,  or  the  32d  degree }  and  consequently 
the  boiling  point  is  32  added  to  180,  or  the  212th  degree.' 

*  More  exactly  29-92  inches,  that  is,  760  millimetres ;  the  latter  number  being  nniyersally 
assumed  on  the  continent  as  the  standard  height  of  the  barometer. 

'  Manj  thermometers  cannot  be  heated  60  or  80  degrees,  without  a  sen^ble  displacement 
of  the  xero  point,  as  remarked  by  Regnault  (Ann.  do  Chimie,  &c.,  8  s^r.,  t  0,  p.  878),  and 
by  Is.  Pierre  (lb.  8  s^r.,  t.  6,  p.  427 ;  et  t.  16,  p.  832),  who  indicate  the  extraordinary  pre- 
eaations  requisite  in  the  constmction  of  thermometers  for  accurate  research. 

^  A  simple  rule  may  be  given  for  oonverting  Centigrade  degrees  into  degrees  Fahrenheit 
IGO  degrees  Centigrade  being  equal  to  180  degrees  Fahrenheit,  10  degrees  C.  =  18  degrees 
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The  scale  can  easily  be  prolonged  to  any  extent,  above  or  below  these  j 
marking  off  equal  lengths  of  the  tube  for  180  degrees,  either  above  or  I 
space  &^t  marked.  The  degrees  of  contraction  below  zero,  or  0°,  are  m 
the  minus  sign  ( — \  and  called  negative  degrees,  in  order  to  distinguish  tl 
degrees  of  the  same  name  above  zero,  or  positive  degrees.  Thus,  47®  n 
47th  degree  above  zero,  — 47°,  the  47th  degree  under  zero. 

The  only  other  scale  in  use  is  that  of  Eeaumur,  in  the  north  of  Gcrmai 
expansion  between  the  freezing  and  boiling  of  water  is  divided  into  80  par 
thermometer.  The  relation  between  the  three  scales  is  illustrated  in  the  ; 
diagram. 


Fig.  10. 
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The  zero  of  our  sc 
degrees  below  the 
point  of  water,  and  th 
sions  of  mercury  are 
in  the  thermometer  frc 
to  600° ;  but  about  t! 
degree,  mercury  risef 
tube  in  the  state  of  v 
as  to  derange  the  im 
and  at  about  660°  it  I 
can  no  longer  be  rel 
the  glass  vessel ;  whil 
former  low  point  it  t 
becomes  solid.  For  d 
cold  below  the  frcczii 
of  mercury,  we  must  I: 
by  the  contractions  ol 
or  spirits  of  wine,  j 
which  has  not  been  fi 
any  degree  of  cold  we  ; 
blc  of  producing.  Th* 
reason,  however,  for  1 
that  we  have  ever  descended  more  than  160  or  170  degrees  below  zero  of 
hcit. 

The  zero  of  these  scales  has,  therefore,  no  relation  to  the  real  zero  of 
point  at  which  bodies  have  lost  all  heat.  Of  this  point  we  know  nothing,  a 
is  no  reason  to  suppose  that  we  have  ever  approached  it.  The  scale  of  tern 
may  bo  compared  to  a  chain,  extended  both  upwards  and  downwards  bej 
sight.  We  fix  upon  a  particular  link,  and  count  upwards  and  downwards  fi 
link,  and  not  from  the  beginning  of  the  chain. 

The  means  of  producing  heat  are  much  more  at  our  command,  but  we 
measure  of  it,  of  easy  application  and  admitted  accuracy,  above  the  boilii 
of  mercury.  Recourse  has  been  had  to  the  expansion  of  solids  at  high  1 
tures,  and  various  pyrometers,  or  "measures  of  fire,"  have  been  proposed.    I 

F.,  or  5  degrees  C.  =  9  degrees  F. ;  multiply  the  Centigrade  degrees  by  9,  and  divi 
and  add  82.    Thus  to  find  the  degree  F.  corresponding  with  60^  C. 

60 
9 


6)450 

90 
add  32 


Or  the  60°  C.  corresponds  with  the  122<*  F. 
For  facility  of  reference  a  table  of  the  corresponding  degrees  is  given  in  Append 
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Danicll's  pyrometer  ia  a  valuable  instrument  of  thia  kind,  of  nhich  the  indicationa 
result  from  the  difference  io  the  expansion  bj  heat  of  an  iron  or  platinum  bar,  and 
a  tube  of  veil-baked  black-lead  viire,  in  vhich  the  bar  is  contained.  The  metallio 
bar  a  is  Bhorter  than  the  tube,  and  a  short  plug  of  eartbcnvrare  b  ia  placed  in  the 
mouth  of  the  tube  above  the  iron  bar,  and  ao  secured  by  a,  strap  of  platinum  foil 
and  a  little  wedge,  that  it  elides  irith  difficulty  in  tbe  tube.  By  tbo  expansion  of 
the  metallic  bar,  the  plug  of  earthenware  is  pushed  outwards,  and  remains  in  its 
new  position  after  tbe  contraction  of  the  metallie  bar  on  cooling.  The  expansion 
of  the  iron  bar  thus  obtained,  is  measured  by  adapting  to  tbe  instrument  an  index, 
c,  which  traverses  a  circular  scale,  before  and  after  the  eartbeDware  plug  has  been 
moved  outwards  by  the  expansion  of  the  metallic  bar.  Tbe  degrees  marked  on  the 
scale  are  in  each  instrument  compared  experimentally  with  those  of  the  mercurial 
scale,  and  tbe  ratio  marked  on  the  instrument,  so  that  its  degrees  are  convertible 
into  tboso  of  Fabrcubcit,  (FhiiosopLical  Transactions,  18-30-31).  An  air  thcrmo- 
metcr,  of  which  tho  bnlb  and  tube  were  of  metal,  has  also  been  employed  to  explore 
high  tcmperatiirea.  Id  the  old  pyrometer  of  Wedgwood,  tho  degree  of  beat  was 
estimated  by  the  permanent  contraction  which  it  produced  upon  a  pellet  of  pipe- 
clay; but  the  indications  of  thia  instrument  are  falladous,  and  it  bos  long  gone  out 
of  use. 

Tho  applicability  of  the  mercurial  thermometer  to  measure  degrees  of  beat,  de- 
pends npon  two  important  circumstnnces,  which  involve  the  whole  theory  of  tbe 
instrument : — 

1st  The  hollow  glass  boll,  with  its  fine  tube  of  uniform  bore,  ia  a  nice  fluid 
measore.  The  ball  and  part  of  tho  stem  being  filled  with  a  fluid,  the  slightest 
change  in  the  bulk  of  the  fiuid,  which  may  arise  from  the  application  of  beat  or  of 
cold  to  it,  is  conspicuously  exhibited  by  the  rise  or  full  of  the  fluid  column  in  tho 
stem.  No  more  delicate  mcasuro  of  tbe  bulk  of  an  included  fluid  could  be  de- 
vised, 

2d.  It  fortunately  happens  that  the  expansiona  of  mercury,  which  can  thna  be 
measured  so  accurately,  are  proportional  to  tbe  quantities  of  heat  which  produce 
tbem.  £ut  the  mode  in  which  thia  is  proved  rcquirea  a  little  attention.  Suppose 
we  had  two  reservoirs,  one  containing  cold,  and  tbe  other  hot  water.  Plunge  a 
thcrmomctric  bulb  containing  mercury  first  into  the  cold  water,  and  mark  at  what 
point  in  tbe  stem  the  mercury  stands.  Then  plunge  it  into  the  hot  water,  and 
mark  also  tbe  point  to  which  the  mcrcuiy  now  rises  in  the  stem.    We  can  obvioual; 
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make  a  heat  which  will  be  half  way  exactly  between  the  hot  and  cold  wa 
taking  the  same  quantity  of  the  hot  and  cold  water,  and  mixing  them  to 
Now,  does  this  half  heat  produce  a  half  expansion  in  mercury  ?  On  trial 
that  it  docs.  In  the  mixture  of  equal  parts  of  the  hot  and  cold  water,  the  n 
stands  exactly  half  way  between  the  marks,  supposing  the  experiment  to  1 
ducted  with  the  proper  precautions.  This  proves  that  the  dilatations  of  n 
are  proportional  to  the  intensity  of  the  heat  which  produces  them.  In  the 
rial  thermometer,  therefore,  quantities  or  degrees  of  expansion  may  be  ta 
indicate  quantities  or  degrees  of  heat;  and  that  is  the  principle  of  the  instm 
The  same  correspondence  exists  between  the  expansions  of  air  and  the  qui 
of  heat  which  produce  them.  Indeed,  in  air,  the  correspondence  is  rigidlj 
while  in  mercury  it  is  only  a  close  approximation.  Thus  Dulong  and  Petit 
that  the  boiling  point  of  mercury  was, 

As  measured  by  mercury  in  a  syphon 680^ 

««        "        the  air  thermometer  (true  temp.) 662** 

<*        **        mercury  in  glass  (Mr.  Crichton)  660*' 

A  short  table  exhibiting  the  increasing  rate  of  the  expansions  of  merci 
already  been  given,  but  glass  expands  in  a  ratio  increasing  quite  as  rapidly 
metal ;  so  that  the  greater  expansion  of  the  mercury  in  the  thermometer  a 
temperatures  is  fortunately  corrected  by  the  increasing  capacity  of  the  glass  b 
Fixed  oils  and  spirit  of  wine  do  not  deviate  far  from  uniformity  in  their 
sions,  at  least  at  low  temperatures,  and  therefore  are  sometimes  used  as  thermc 
liquids.  Spirit  of  wine  thermometers,  however,  are  often  found  to  vary  6  o: 
grees  from  each  other  at  temperatures  so  low  as  — 30®  or  — 40**. 

Thcnnometers  have  been  devised  which  indicate  the  highest  and  lowest  tei 
ture  which  has  occurred  between  two  observations,  or  are  self-registering.     1 

mometer,  which  was  inven 
^0-  !*•  Dr.  Rutherford,  is  of  this 

This  instrument  consists,  pi 
speaking,  of  two  thermos 
one,  a,  of  spirit  of  wine,  a 
other,  by  of  mercury,  whi< 
placed  in  the  position  reprei 
in  the  figure,  their  stems 
horizontal.     The  thermom< 
le  intended  to  indicate  the  maximum  temperature.     It  contains,  in  advance  < 
mercury,  a  short  piece  of  iron  wire,  which  the  mercury  carries  forward  with 
dilating,  and  which  remains  in  its  advanced  position,  marking  the  highest  ten 
ture  that  has  occurred,  when  the  mercury  withdraws.     The  minimum  tempei 
is  indicated  by  the  spirit  of  wine  thermometer  a,  which  contains,  immersed  i 
spirit,  a  small  cvlinder  of  ivory,  or  enamel,  which,  by  a  slight  inclination  of  the  i 
mcnt,  falls  to  the  surface  of  the  liquid  without  being  able  to  pass  out  of  it.  Whc 
thermometer  sinks,  the  ivory  is  carried  back  in  the  spirit }  but  when  the  tcmpa 
rises,  the  alcohol  onlv  advances,  leaving  the  ivory  where  it  was.    Its  extremity 
distant  from  the  bulb  then  indicates  the  lowest  temperature  to  which  the  tb 
meter  had  been  exposed.     Before  another  observation  is  made,  the  ivory  mi 
brought  again  to  the  sur&ce  of  the  alcohol  by  a  slight  percussion  of  the  il 
ment. 

Another  self-registering  instrument,  known  in  London  as  Six's,  has  the 
advantage  over  the  preceding  instrument  of  being  much  less  liable  to  go  a 
order.     It  consists  of  one  thermometer  only  (fig.  15),  fiilled  with  colourless  : 
of  wine,  having  a  large  cylindrical  bulb.     The  stem  is  twice  bent,  and  conti 
column  of  mercury,  b,  in  the  lower  bend,  which  is  in  contact  with  the  alcohol 

1  In  a  note  on  the  Comparison  of  the  Air  and  Mercurial  Thermometers ;  by  M.  Re^ 
Annalea  de  Chimie,  &c.  3  s^r.  1 6,  p.  470. 
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adrances  or  recedes  with  it  Od  either  side  of  this  mcrcuiy 
there  is  placed  &  little  iron  cylinder,  or  index,  c  and  d,  n-hicli 
has  a  fine  hair  projectiog  from  it,  so  aa  to  prcsa  againat  the 
eides  of  the  tube,  and  cause  the  cylinder  to  move  with  a  little 
difficnUir.  These  iron  cylinders,  which  have  flattened  ends 
coTered  with  a  vitrcoua  matter,  are  brought  into  contact  with 
the  mercury  by  meaas  of  a  magnet,  and  are  pushed  along 
by  the  column  of  mercury,  when  the  latter  is  moved  by 
the  alcohol.  The  minimum  temperature  ia  indicated  by  c, 
and  the  maximum  by  d.  The  tube  ia  expanded  at  e,  and 
sealed  ailer  filling  that  ^ce  partly  with  alcohol,  for  no 
other  purpose  than  to  &cilitate  the  movement  of  the 
index,  d. 

Our  notions  of  the  range  of  temperature  acquire  all  their 
precision  from  the  use  ef  the  thermometer.  Cold,  for  in- 
stance, ia  allowed  a  substantial  existence,  as  well  as  beat,  iu 
popular  language.  What  ia  cold  ?  it  ia  the  ubsence  of  beat,  as 
darkness  is  the  absence  of  light.  The  abaencc  of  heat,  how- 
ever, is  never  complete,  but  only  partial.  Water,  after  it  ia 
frozen  into  ice,  cold  aa  it  ia  in  relation  to  our  bodies,  has  not 
lost  all  its  heat,  for  it  is  easy  to  cool  a  thermometer  far  below 
the  temperature  of  ice,  and  have  It  in  sach  a  condition  as  that 
it  shall  acquire  beat,  and  be  expanded  by  contact  with  ice; 
thus  proving  that  the  ice  contains  heaL  Spu'ita  of  wine  have 
not  been  frozen  at  the  lowest  temperature  that  has  hitherto 
been  attained;  but  even  then  this  liquid  possesses  heat,  and 
there  is  no  doubt  that  if  a  sufficiently  large  portion  of  its 
heal  were  withdrawn,  it  would  freeze  like  other  bodies. 
The  following  are  interesUng  circumatances  in  the  range  of 
temperature — 


\dJ 


Greatest  artificial  cold  mcaiured.    (batterer.) 
"  "  "  "  (Farndoy.) 

Liqntd  nitrons  oxide  freeiet.  ' 

Liquid  sulphuretted  hyJrogea  frccies.     " 
Liquid  Bulphuroua  acid  freezes.  " 

Liquid  cu'bonio  acid  ft^eics.  '■ 

OreatAit  arUficial  cold  measured  b7  Walker. 
Greatest  imtaral  cold   obiErTcd   bj  a   "verified"   thermoneter. 

(Sabine.) 
Greatest  oatural  cold  observed  at  Fort  Rcliaace  b;  Bock.  DoabtfiiL 
Estimated  temperature  of  planetarj'  space.     (Fourier,} 
Sulphnrio  etherfreeieg. 
Mercur?  frenes. 

IJqnid  cyauogea  freezes.     (Faraday.) 
A  mixture  of  equal  parts  of  alcohol  and  water  rreeies. 
A  miitore  of  one  part  at  alcohot  and  three  parts  ef  water  ft'eetes. 
Strong  trine  freeies. 
lee  melts. 

Mean  Umperature  of  London. 
Mean  temperature  at  tlie  Equator. 
Heat  of  the  human  blood. 
Bighest  natural  temperature  observed  —  of  a  hot  wind  in  Cppci 

Egypt.     (BarckhardL) 
Vood-apirit  boils.     (Is,  Pierre.) 
Aleohol  boiU.  " 

Water  boils. 
Tin  melts. 
Lead  noils. 
Here  Dry  boils. 
Bed  heaL     (Daniell.) 
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1141°  Fabr.  Heat  of  a  common  fire.  (Daniell.) 

1869°         "  Brass  melts.  " 

22830         a  Silver  melts.  " 

34790        "  Cast  iron  melts.  " 


SPECIFIC   HEAT.* 

Equal  bulks  of  different  substances,  such  as  water  and  mercury,  require  the 
tion  of  different  quantities  of  heat  to  produce  the  same  change  in  their  tempei 
This  appears  evident  from  a  variety  of  circumstances.  If  two  similar  glass 
like  thermometers,  one  containing  mercury  and  the  other  water,  be  immersed 
same  time  in  a  hot  water-bath,  it  will  be  found  that  the  mercury  bulb  is  i 
up  to  the  temperature  of  the  water-bath  in  half  the  time  that  the  water  bulb  rec 
and  if  the  two  bulbs,  after  having  both  attained  the  temperature  of  the  watei 
be  removed  from  it  and  exposed  to  the  air,  the  mercury  bulb  will  cool  t^ 
rapidly  as  the  other.  These  effects  must  arise  from  the  mercury  absorbiuj 
half  the  quantity  of  heat  which  the  water  does  in  being  heated  up  to  the  same 
in  the  water-bath,  and  from  having,  consequently,  only  half  the  quantity  of  1 
lose  in  the  subsequent  cooling.  Again,  if  we  mix  equal  measures  of  water 
and  130°,  the  temperature  of  the  whole  will  be  100*^ ;  or  the  hot  measure  of 
in  losing  30°,  elevates  the  temperature  of  the  cold  measure  by  an  equal  ai 
But  if  we  substitute  for  the  hot  water,  in  this  experiment,  an  equal  mcas 
mercury  at  130°,  on  mixing  it  with  the  measure  of  water  at  70°,  the  temp< 
of  the  whole  will  not  be  100°,  but  more  nearly  90°.  Here  the  mercury  is 
from  130°  to  90°,  or  loses  40°  of  heat,  which  have  been  transferred  to  the 
but  which  raise  the  temperature  of  the  latter  only  20°,  or  from  70°  to  90* 
heat  the  measure  of  water  at  70°  to  100°,  we  must  mix  with  it  two,  or  a  littli 
than  two,  equal  measures  of  mercury  at  130°,  although  one  measure  of  wi 
130°  would  answer  the  purpose.  If,  therefore,  two  measures  of  mercury,  by 
30°  of  temperature,  heat  only  one  measure  of  water  30°,  it  follows  that  hot  m 
possesses  only  half  the  heat  of  equally  hot  water ;  or  that  water  requires  doul 
quantity  of  heat  that  is  required  by  mercury,  to  raise  it  a  certain  number  of  d 
This  is  expressed  by  sajring  that  water  has  twice  the  capacity  for  heat  that  m 
possesses. 

It  is  more  convenient  to  express  the  capacities  of  different  bodies  for  heal 
reference  to  equal  weights  than  equal  measures  of  the  bodies.  On  accurate  t 
is  found  that  a  pound  of  water  absorbs  thirty  times  more  heat  than  a  pound  0 
cury,  in  being  heated  the  same  number  of  degrees :  the  capacity  of  water  for  I 
therefore,  thirty  times  greater  than  that  of  mercury.  The  capacities  of  the 
bodies  are  in  the  relation  of  1000  to  33;  and  it  is  convenient  to  express  the 
tics  for  beat  of  all  bodies,  in  relation  to  that  of  water,  as  1000.  Such  numb 
the  specific  heats  of  bodies. 

There  arc  two  methods  usually  followed  in  determining  capacity  for  heat, 
first,  which  was  that  practised  by  MM.  Dulong  and  Petit,  consists  in  allowi 
ferent  substances  to  cool  the  same  number  of  degrees  in  circumstances  whi 
exactly  similar;  to  inclose  them,  for  instance,  in  a  polished  silver  vessel,  coni 
the  bulb  of  a  thermometer  in  its  centre,  and  to  place  this  vessel  under  a  bell 
which  a  vacuum  is  made.  The  time  which  the  different  substances  take  i 
enables  us  to  calculate  the  quantity  of  heat  which  they  give  out.  The  sea 
method  of  mixture,  consists  in  heating  up  the  metal  or  other  substance  to  21^ 
then  throwing  it  into  a  vessel  containing  a  considerable  weight  of  cold  ws 
which  a  quantity  of  heat  will  be  communicated,  and  a  rise  of  temperature  occn 
proportional  to  the  capacity  for  heat  of  the  substance.  The  following  table  a 
results  of  M.  Regnault^  which  closely  coincide  with  tho  prior  determinations 
long  and  Petit :  — 

*  [See  Supplement f  p.  640.] 
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Substances.  Specific  heat  of 

equal  vreights. 

Water 1000 

Ice» 513 

Oil  of  turpentine,  at  63-6°  Fahr 426» 

««  "  at60<*        «*    .• 414 

Wood  charcoal 241» 

Sulphur 203 

Glass 198 

Diamond 147« 

Iron 113-79 

Nickel 108-63 

Cobalt 106-96 

Zinc 95-55 

Copper 95-15 

Arsenic 81*40 

SUver 5701 

Tin 56  23 

Iodine 5412 

Antimony 50-77 

Gold 32-44 

Platinum 82-43 

Mercury 83-32 

Lead 81-40 

Bismuth 30-84 

The  method  of  cooliog  gives  results  so  cxact^  as  to  allow  the  detection  of  an  in- 
crease of  capacitj  with  the  temperature.  The  capacity  of  iron,  when  tried  between 
32^  and  212^,  as  was  the  case  with  all  the  bodies  in  the  table,  was  110;  but  115 
between  32°  and  392**,  and  126  between  32°  and  662°.  It  hence  follows,  that 
the  capacity  for  heat,  like  dilatation,  augments  in  proportion  as  the  temperature  is 
derated.  Dulong  and  Petit  likewise  established  a  relation  between  the  capacity 
for  heat  of  metallic  bodies  and  the  proportion  by  weight  in  which  they  combine 
with  oxygen,  or  any  other  substance,  which  will  again  be  adverted  to. 

Of  all  liquid  or  solid  bodies,  water  has  much  the  greatest  capacity  for  heat. 
Hence  the  sea,  which  covers  so  large  a  proportion  of  the  globe,  is  a  great  magazine 
of  heat,  and  has  a  beneficial  influence  in  equalizing  atmospheric  temperature. 
Mercury  has  a  small  specific  heat,  so  that  it  is  quickly  heated  or  cooled,  another 
property  which  recommends  it  as  a  liquid  for  the  thermometer,  imparting,  as  it 
does,  great  sensibility  to  the  instrument. 

The  determination  of  the  specific  heat  of  gases  is  a  problem  involved  in  the 
greatest^  practical  difficulties ;  so  that  notwithstanding  its  having  occupied  the  at- 
tention of  some  of  the  ablest  chemists,  our  knowledge  on  the  subject  is  still  of  ^the 
most  uncertain  nature.  It  has  been  concluded  by  Pelarive  and  Marcet  (Annales 
de  Ch.  et  de  Ph.  t.  35,  p.  5;  t.  41,  p.  78 ;  and  t.  75,  p.  113),  and  by  Mr.  Hay- 
craft  (Edinburgh  Phil.  Joum.  vol.  x.  p.  351),  that  the  specific  heat  of  all  gases  is 
the  same  for  equal  volumes.  But  this  opinion  has  been  controverted  by  Dulong 
(Annales  de  Gh.  et  de  Ph.  t.  41,  p.  113),  by  Dr.  Apjohn  (Transactions  of  the 
Koyal  Irish  Academy,  1837),  and  by  Suermann  (Ann.  de  Ch.  et  de  Ph.  t.  63,  p. 
315),  who  have  followed  Delaroehe  and  Berard  in  this  inquiry  (Annales  de  Chimie, 
t.  75;  or  Annals  of  Philosophy,  vol.  ii.)  Their  method  was  to  transmit  known 
quantities  of  the  gases,  heated  to  212°  in  an  uniform  current,  through  a  serpentine 
tube,  surrounded  by  water,  the  temperature  of  which  was  observed,  by  a  delicate 
thermometer  at  the  beginning  and  end  of  the  process.  The  results  obtained  by 
the  different  experimenters  are  contained  in  the  following  table :  — 


>  Ed.  I>e8ains,  Annales  de  Chimie  et  do  Physique,  3me  s^r.  t  14,  p.  800  (1845).     By  an- 
other method,  the  nnmber  465  was  obtained.     TJie  capacity  of  ice  is,  therefore,  sensibly 
—  -half  that  of  water.    This  is  a  Taluabb  paper,  ^hie^  iril):  be  rd^nSB*^  {•  with  advantage. 
BegwMilt,  ibid,  t  ix.  pp.  b39  aaS  ^1,  !         :      :  y.  :  \    :/.  : '.    V 
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SPECIFIC   HEAT  OP   GASES. 


Name  of  the  gas.  • 

Capacity 

for  equal 

volumes. 

Air-1. 

Capacity  for  equal 
weights. 

Authority. 

Air-l. 

Water  =1. 

Air 

1-0000 

0-8080 
0-9765 
0-9954 

1-0000 

0-9033 
1-0000 
1-3979 
1-4590 
1-0000 
1-0000 
10005 
1-0480 
1-9600 
0-9925 
0-9900 
10000 
1-0340 
10000 
1-0655 
1-1750 
1-1950 
1-2220 
1-2583 
1-0000 
1-0000 
1-0000 
1-0000 
1-0229 
11600 
1-1930 
1-8503 
1-7000 
1-0000 
10000 
1.0660 
1-5310 
1-5530 
1-5300 

1-0000 

0-7328 
0-8848 
0-9028 

0-9069 

12-3401 

14-4930 

20-3121 

21-2064 

0-4074 

1-0318 

1-0293 

1-0741 

8-1360 

10253 

10239 

1-0802 

1-0805 

0-6557 

0-6925 

0-7838 

08280 
0-4507 
0-8485 
0-7925 
0-6557 
0-7354 

0-7827 
0-8878 
0-9616 
1-6968 
0-5547 

l*-'5763 

0-2669 
0-3046 
01956 
0-2361 
0-2750 

8-2986 
6-1892 

0-2754 
0-3138 

0-8470 
0-3123 

0-'2884 
0-'2r24 

0-2210 

0-2240 
0-2869 

0-'4267 

T)AlarorTi4^  And  HAmnl 

OxYflren 

Suermann. 

Apjohn. 

Delaroche  and  Berard. 

Suermann. 

Delarive  and  Marcet, 

craft,  Dulong. 
Delaroche  And  ner&rd 

Hvdroircn... 

Chlorine 

D.  and  M.,  Hay  craft,  Di 

Suermann. 

Apjohn. 

Dclariyfi  nnd  IVfiirret 

Nitrogen 

Delfirnche  and  BerArd 

Steam • 

Suermann. 

Apjohn. 

DolamchA  And  T^ATArd 

Carbonic  oxide 

RnPTtnAnn. 

Carbonic  acid««»*.« 

Apjohn. 

D.  and  M.,  Bulong. 

Delaroche  and  Berard. 

Haycraft 

Suermann. 

Dulong. 

Apjohn. 

Delarive  and  Marcet 

Delaroche  and  Berard. 

Delariye  and  Marcet 

<<                                      41 
it                                    <C 
it                                    i( 

Sulphurous  acid 

Sulphuretted  hydrog.. 

Hydrochloric  acid 

Nitrous  oxide 

• 

Nitric  oxide  ••• 

Suermann. 

Dulong. 

Apjohn. 

Delaroche  and  Berard. 

Delarive  And  M&rcet. 

Ammonia 

(<                      ti 

Cvanoflren 

* 

Olcfiant  firas 

Haycraft 

Dulong. 

Delaroche  and  Berard. 

Delarive  and  Marcet 

It  will  be  observed,  that  the  capacity  for  heat  of  steam,  as  well  ae  of  ice, 
than  that  of  an  equal  weight  of  water.  Hence  the  specific  heat  of  a  bod 
change  with  its  physical  state.  Delaroche  and  Berard  likewise  observed  tl 
capacity  of  a  gas  is  increased  by  its  rarefaction.  When  the  volume  of  a 
doubled,  by  withdrawing  half  the  pressure  upon  it,  its  specific  beat  is  not  q 
much  as  doubled.  This  is  the  reason  why  a  gas  becomes  cold  in  cxpandin 
the  expanded  state  it  requires  more  heat  to  sustain  it  at  its  former  tempe 
from  the  augmentation  which  has  occurred  in  its  capacity.  Air  expandc 
double  its  volume  is  cooled  40  or  50  degrees ;  and  it  has  its  temperature  ra 
that  extent  by  compression  into  half  its  volume ;  suddenly  condensed  to  oi 
of  its  volume  by  a  piston  in  a  small  cylinder,  so  much  heat  is  evolved  as  t< 
the  ignition  of  ar  K^di};y  inflama&able  Bub^^npe^  such  aa- tinder. 


*  • 


« •  • 
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COMMUNICATION  OP   HEAT  BY  CONDUCTION   AND   RADIATION. 

1.  Conduction,* — When  one  extremity  of  a  bar  of  iron  is  plunged  into  a  fire, 
the  heat  passes  through  the  bar  in  a  gradual  manner,  being  communicated  from 
particle  to  particle,  and  after  passing  through  the  whole  length  of  the  bar,  may 
arrive  at  the  other  extremity.  Heat,  when  conveyed  in  this  way,  is  said  to  be 
conducted. 

In  solid  substances,  the  phenomenon  of  the  conduction  of  heat  is  so  simple  and 
familiar,  that  little  need  be  said  on  the  subject.  Different  solid  substances  vary 
exceedingly  from  each  other  in  their  power  to  conduct  heat.  Dense  or  heavy  sub- 
stances are  generally  good  conductors,  while  light  and  porous  bodies  conduct  heat 
Imperfectly.  Hence  the  universal  use  of  substances  of  the  latter  class  for  the 
purposes  of  clothing.  Count  Rumford  observed,  that  the  finer  the  fabric  of  woollen 
cloth  is,  the  more  imperfectly  does  it  conduct  (Phil.  Trans.  1792).  The  down  of 
the  eider-duck  appears  to  be  unrivalled  in  this  respect.  Bad  conductors  are  also 
the  most  suitable  for  keeping  bodies  cool,  proteoting  them  from  the  access  of  heat. 
Hence  to  preserve  ice  in  summer,  we  wrap  it  in  flannel.  Among  good  conductors 
of  heat,  the  metals  are  the  best  The  relative  conducting  power  of  several  bodies 
is  expressed  by  the  numbers  in  the  following  table,  from  the  experiments  of 
Despretz  (Ann.  de.  Ch.  et  Ph.  t.  xxxvi.  p.  422) :  — 


Gold 1000 

Silver 978 

Copper 898 

Iron 874-3 

Zinc 863 


Tin 803-9 

Lead 179-6 

Marble 23-6 

Porcelain 14-2 

Clay 11-4 


Glass  is  an  imperfect  conductor,  for  we  can  fuse  the  point  of  a  glass  rod  in  a 
lamp,  holding  it  within  an  inch  of  the  extremity.  On  the  contrary,  we  find  it  dif- 
ficult to  heat  any  part  of  a  thick  metallic  wire  to  redness  in  a  lamp,  owing  to  the 
rapidity  with  which  the  heat  is  carried  away  by  the  contiguous  parts. 

The  following  table  of  the  conducting  power  of  various  materials  used  in  the 
construction  of  houses,  as  observed  by  Mr.  Hutchinson,  is  of  considerable  utility 
for  practical  purposes.  The  substances  are  arranged  in  the  order  in  which  they 
resist  most  the  passage  of  heat ;  the  wannest  substances,  which  are  most  valuable 
in  construction,  being  placed  first.* 


Name  of  Sabstance. 


Plaster  and  Sand 
Keene's  Cement .. 
Plaster  of  Paris.. 
Roman  Cement ... 

Beech  Wood 

LAth  and  Plaster. 

Fir  Wood 

Oak  Wood 

Asphalt 

Chalk  (soft) 

Napoleon  Alorble. 
Stock  Brick 


Conducting 

power  referred 

to  that  of  slate 

-100. 


18-70 
1901 
20-26 
20-88 
22-44 
25-65 
27-61 
88-66 
4519 
56-88 
58-27 
6014 


I 


Name  of  Substance. 


Bath  Stone 

Fire  Brick 

Painswick  Stone  (H.  P.).. 

Malm  Brick 

Portland  Stone 

Lunelle  Marble 

Bolsover  Stone  (H.  P.)... 

Norfal  Stone  (H.  P.) 

Slate 

Yorkshire  Flag 

Lead 


Conducting 

power  referred 

to  that  of  slate 

«100. 


61-08 

61-70 

71-36 

72-92 

76-10 

75-41 

76-85 

96-86 

100-00 

110-94 

521-84 


'  New  £j:periment8  on  Building  Materials,  by  J.  Hutchinson:  Taylor  and  Walton.  The 
three  substances  marked  H.  P.  are  the  building  stones  employed  in  the  construction  of  the 
New  Houses  of  Parliament. 

*  [See  Suppfementf  p.  649.] 
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Certain  vibrations  were  observed  by  Jlr.  Trevelyan  to  take  place  between  tm 
masses  haviog  different  temperatures,  occasioDing  particnkr  sounds,  which  a 
to  be  connected  with  the  conducting  power  of  the  metal  (Phil.  Mag.  3d  Seriet 
iii.  321).     Thus,  if  a  heated  curved  bar  of  brass  h,  \k 
Fio.  16.  „p(jn  ^  ^]^  support  of  lead  I,  of  which  the  aur&ce  is  i 

represented  in  the  figure,  the  brsss  bar,  while  commnnii 
its  beat  1o  the  lead,  is  thrown  into  a  Btat«  of  vibration,  m 
panied  with  a  rocking  motion  and  the  prodnctioQ  of  a  m' 
note,  like  that  of  the  glass  harmonicon.  The  rocking  n 
of  the  brass  bar,  accidentally  commenced,  appears  to  be 
tinned  from  a  repulsion  which  exists  between  heated  stir 
enhanced  in  this  case  by  the  low  conducting  power  of  the 
which  allows  ita  surface  to  be  strongly  healed  by  the  brass.  Professor  Forbes 
that  the  most  intense  vibrations  are  produced  between  the  best  conductors  an 
worst  conductors  of  heat,  the  latter  being  the  cold  bodies  (Edinburgh  Phil.  1 
vol.  xii.) 

Our  ordinary  conceptions  of  the  actual  temperature  of  different  bodies  are  : 
affected  by  their  conducting  power.  If  we  apply  the  band,  at  the  same  time 
good  and  to  a  bad  conductor,  such  as  a  metal  and  a  piece  of  wood,  which  are  e] 
of  the  same  temperature  by  the  thermometer,  the  good  conductor  will  feel  ( 
or  hotter  than  the  other,  from  the  greater  rapidity  with  which  it  conducts  awaj 
from,  or  commnmcates  heat,  to  our  body,  according  as  the  temperature  of  the 
and  wood  happens  to  be  above  or  below  that  of  the 
applied  to  them. 

The  diffusion  of  heat  through  liquids  and  gai 
effected,  in  a  great  measure,  by  the  motion  of  their 
ticles  among  each  other.  When  heat  is  applied  t 
lower  part  of  a  mass  of  liquid,  the  heated  portions  ht 
lighter  than  the  rest,  and  ascend  rapidly,  conveying  o 
rying  the  heat  through  the  mass  of  the  fluid.  In  a 
&Lak,  for  instance,  containing  water,  with  which  a 
quantity  of  any  light  insoluble  powder  has  been  mb 
^  circulation  of  the  fluid  may  bo  observed  upon  the  appli< 
.  of  the  flame  of  a  lamp  to  the  bottom  of  the  vesse 
'  heated  liquid  rising  in  the  centre  of  the  vessel,  and 
'  wards  descending  near  its  sides,  as  represented  in  tb 
neied  figure  But  when  beat  is  applied  to  the  sur& 
a  hquid,  this  circulation  does  not 
occur,  and  the  heat  is  propagated 
very  imperfectly  downwards.  It 
has  even  been  doubted  whether 
liquids  conduct  heat  downwards  at 
all,  or,  indeed,  in  any  other  way 
than  by  conveying  it  as  above 
described.  It  can  be  proved, 
a  downwards  in  fluid  mercury,  and 
bence  it  is  probable  that  all  liquids  possess  a  slight  conduct- 
ing power  similar  to  that  of  solids.  ^ 
Let  the  endless  tube  represented  in  the  accompanying' 
figure  be  supposed  to  be  entirely  filled  with  water,  ana 
the  heat  of  a  fire  be  applied  to  the  lower  portion  of  it  at 
a,  which  is  twisted  into  a  spiral  form,  the  water  will  im- 
mediately be  set  in  motion,  and  made  to  circulate  through 
the  tube,  from  the  expansion  and  ascent  of  the  portion  m 
a,  and  ti.9  whole  of  the  water  in  the  tube  will  be  broucht 
'  a  to  the  source  of  heat.    The  tube  may  be  led 
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into  an  apartment  above  d,  and  beinc  twisted  into  another  spiral  at  b,  a  quantity  of 
the  heat  of  the  circulating  water  will  be  discharged  in  proportion  to  the  extent  of 
\  surface  of  tube  exposed.  Water  of  a  tcmperatui-c  considerably  above  212°  is  made 
to  circulate  in  this  manner  through  a  very  strong  drawn-iron  tube  of  about  one  inch 
in  diameter,  for  the  purpose  of  heating  houses  and  public  buildings.  A  slight 
waste  of  the  water  is  found  to  occur,  so  that  it  is  necessary  to  introduce  a  small 
quantity  every  few  weeks  by  an  opening  and  stopcock  c,  in  the  upper  part  of  the 
tube.  Tubes  of  larger  calibre,  with  water  circulating  below  the  boiling  point,  arc 
likewise  much  used  for  warming  large  buildings. 

Air  and  gases  are  very  imperfect  conductors.  Heat  appears  to  be  propagated 
through  them  almost  entirely  by  conveyance,  the  heated  portions  of  air  becoming 
Hghter,  and  diffusing  the  heat  through  the  mass  in  their  ascent,  as  in  liquids. 
Hence,  in  heating  an  apartment  by  hot  air,  the  hot  air  should  alwaji^  be  introduced 
at  the  floor  or  lowest  part.  The  advantage  of  double  windows  for  warmth  depends 
in  a  great  measure  on  the  sheet  of  air  confined  between  them,  through  which  heat 
is  very  slowly  transmitted.  In  the  fur  of  animals,  and  in  clothing,  a  quantity  of 
air  is  detain^  among  the  loose  fibres,  which  materially  enhances  their  non-conduct- 
ing property.  In  dry  air,  the  human  body  can  resist  a  temperature  of  250°  without 
inconvenience,  provided  it  is  not  brought  into  contact  with  good  conductors  at  the 
same  time. 

Radiation  of  Heat, — Heat  is  also  emitted  from  the  surface  of  bodies  in  the  form 
of  rays,  which  pass  through  a  vacuum,  air,  and  certain  other  transparent  media, 
with  the  velocity  of  light.  It  is  not  necessary  that  a  body  be  heated  to  a  visible 
redness  to  enable  it  to  discharge  heat  in  this  manner.  Kays  of  heat,  unaccompanied 
by  light,  continue  to  issue  from  a  hot  body  through  the  whole  process  of  its  cooling, 
iUl  it  sinks  to  the  actual  temperature  of  the  air  or  surrounding  medium.  The 
circumstance  that  bodies  suspended  in  a  perfect  vacuum  cool  rapidly  and  completely, 
without  the  intervention  of  conduction,  places  the  fact  of  the  dissipation  of  heat  by 
radiation,  at  low  temperatures,  beyond  a  doubt. 

The  most  valuable  observations  which  wo  possess  on  this  subject,  were  published 
by  Sir  John  Leslie,  in  his  Essay  on  Heat,  in  1804.  Leslie  proved  that  the  rate  of 
cooling  of  a  hot  body  is  more  influenced  by  the  state  of  its  surface  than  by  the 
nature  of  its  substance.  He  filled  a  bright  tin  globe  with  hot  water,  and  observed 
its  rate  of  cooling  in  a  room  of  which  the  air  was  undisturbed.  A  thermometer 
placed  in  the  water  cooled  half  way  to  the  temperature  of  the  apartment  in  156 
minutes.  The  experiment  was  repeated,  after  covering  the  globe  with  a  thin  coating 
of  lamp-black.  The  whole  now  cooled  to  the  same  extent  as  in  the  first  experiment, 
in  81  minutes;  the  rapidity  of  cooling  being  nearly  doubled  merely  by  this  change 
of  surface. 

An  experiment  of  Count  Rumford  is  even  more  singular.  Water,  of  the  same 
temperature,  was  allowed  to  cool  in  two  similar  brass  cylinders,  one  of  which  was 
covered  by  a  tight  investiture  of  linen,  and  the  other  left  naked.  The  covered 
vessel  cooled  10°  in  36  i  minutes,  while  the  naked  vessel  required  55  minutes ;  or 
the  covering  of  linen,  Hkc  the  coating  of  lamp-black,  greatly  expedited  the  cooling, 
instead  of  retarding  the  escape  of  hcat^  as  might  be  expected.  The  cooling  was 
accelerated  in  the  same  manner, 

when  the  cylinder  was  coated  ^^^'  ^^' 

with  black  or  white  painty  or 
smoked  by  a  candle. 

In  determining  the  radiating 
power  of  diflerent  surfaces, 
Leslie  generally  made  use  of 
Bqoare  tin  canisters,  of  which 
the  surfaces  were  variously 
eoated,  and  which  he  filled  with 
hot  water.  Instead  of  watching 
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the  rate  of  cooling,  as  in  the  experiraenta  already  mentioned,  ho  presented  th 
of  a  canister,  having  its  snr&ce  in  any  particular  condition,  to  a  concave  m' 
mirror,  which  concentrated  the  heat  falling  upon  it  into  a  focus,  where  the  bi 
sn  air  thermometer  was  placed  to  receive  it,  as  represented  in  figure  19. 
differential  thermometer  answered  admirably  for  this  purpose,  as  from  itz 
struction  it  is  upaffected  by  the  temperature  of  the  room,  while  the  slightest  c 
in  the  temperature  of  the  focal  spot  is  immediately  indicated  by  it 

Two  metallic  murors  were 
occasionally  used  in  conducting  ^'Q-  20. 

these  experiments.  The  mir- 
rors being  arranged  so  as  to 
fiico  each  other  (fig.  20),  with 
their  principal  ^xes  m  the  same 
line;  when  a  lighted  lamp  or 
hot  canister  is  placed  in  the 
focus  of  one  mirror,  the  inci- 
dent rays  arc  reflected  by  that 
mirror  against  the  other,  and 
collected  in  its  focus. 

The  following  table  exhibits  the  relative  radiating  power  of  various  subst 
with  which  the  surface  of  the  canister  was  coated,  as  indicated  by  the  effect 
the  differential  thermometer : — 


Lamp-black  100 

Water  by  estimate  100+ 

Writing-paper 98 

Sealing-wax  05 

Crown  glass  00 


Plumbago , 

Tarnished  lead  

Clean  lead  

Iron,  polished  

Tin  plate,  gold,  silver,  copper 


•••••• 


7 
4 
1 
1 
1 


It  thus  appears  that  lamp-black  radiates  five  times  more  of  the  heat  of  b( 
water  than  clean  lead,  and  eight  times  more  than  bright  tin.  The  metals  ha^ 
lowest  radiating  power,  which  arises  from  their  brightness  and  smoothness, 
allowed  to  tarnish,  their  radiating  power  is  greatly  iuereased.  Thus  the  radi 
power  of  lead  with  its  surface  tarnished  is  45,  and  with  its  surface  bright,  onlj 
but  glass  and  porcelain  radiate  most  powerfully,  although  their  surface  is  sm 
When  the  actual  radiating  surface  is  metallic,  it  is  not  affected  in  a  sensible  mi 
by  the  substance  under  it.  Thus,  glass  covered  with  gold-leaf  possesses  the  radi 
power  of  a  bricht  metal. 

It  is  placed  beyond  doubt,  by  the  recent  experiments  of  Prof.  A.  D^  Bache, 
the  radiating  power  of  any  surface  is  not  affected  by  its  colour^  at  least  in  an  a 
ciablo  degree.  Hence,  no  particular  colour  of  clothes  can  be  recommended 
superior  warmth  in  winter.  But  the  absorbent  powers  of  bodies  for  the  heat  c 
sun  depend  entirely  upon  their  colour.  (Joum.  Franklin  Inst.,  May  and  Nc 
ber,  1835.) 

The  faculty  which  different  surfaces  possess  of  absorbing  or  of  reflecting 
radiated  against  them,  is  connected  with  their  own  radiating  power.  Those  sui 
which  radiate  heat  freely,  such  as  lamp-black,  glass,  &c.,  also  absorb  a  large  pr 
tion  of  the  heat  falling  upon  them,  and  reflect  little  of  it ;  while  surfaces  i 
have  a  feeble  radiating  and  absorbing  faculty,  such  as  the  bright  metals,  refl 
large  proportion,  as  they  absorb  little,  and  form  the  most  powerful  reflectors, 
that  the  good  absorbents  are  found  at  the  top,  and  the  good  reflectors  at  the  bo 
of  the  preceding  table.  Thq  efficiency  of  a  reflector  depending  upon  its  low  afi 
ing  power,  reflectors  of  glass  are  totally  useless  in  conducting  experiments  y 
radiant  heat  Metallic  reflectors  remain  cold,  although  they  collect  much  hn 
their  foci. 

These  laws  of  the  radiation  of  heat  admit  of  some  practical  applications.  li 
wish  to  retard,  as  much  as  possible,  the  cooling  of  a  hot  fluid  or  other  substano 
what  sort  of  vessel  should  we  inclose  it  ?    In  a  metallic  vessel,  of  which  the  tn 
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is  not  dull  and  sooty,  but  clean  and  highly  polished ;  for  it  has  been  observed,  that 
hot  crater  cools  twice  as  fast  in  a  tin  globe  of  which  the  surface  is  covered  with  a 
thin  coating  of  lamp-black,  as  in  the  same  globe  when  the  surfiaco  is  bright  and 
clean.  Hence  the  advantage  of  bright  metallic  covers  at  table^  and  the  superiority 
of  metallic  tea-pots  over  those  of  porcelain  and  stone-ware. 


TRANSMISSION   OP  RADIANT  HEAT  THROUGH  MEDIA,  AND  THE  EFFECT  OF 

SCREENS. 

It  has  been  shown  by  Dulong  and  Petit,  that  hot  bodies  radiate  equally  in  all 
gases,  or  exactly  as  they  radiate  in  a  vacuum.  Hot  bodies  certainly  cool  more 
rapidly  in  some  gases  than  in  others ;  but  this  is  owing  to  the  mobility  and  conduct^ 
ing  powers  of  the  gases  being  different. 

Light  of  every  colour,  and  from  every  source,  is  equally  transmitted  by  all  trans- 
parent bodies  in  the  liquid  or  solid  form ;  but  this  is  not  true  of  heat.  The  heat  of 
the  sun  passes  Uirough  any  transparent  body  without  loss ;  but  of  heat  from  terres- 
trial sources,  a  certain  variable  proportion  only  is  allowed  to  pass,  which  increases  as 
the  temperature  of  the  radiant  body  is  elevated.  Thus,  it  wa5  observed  by  Dcla- 
roche  that,  from  a  body  heated  to  182°,  only  140th  of  all  the  heat  emitted  passed 
through  a  glass  screen:  from  a  body  at  346°,  1-1 6th  of  the  whole;  and  from  a 
body  at  960°,  so  large  a  proportion  as  l-4th  appeared  to  pass  through  a  glass  screen. 
M.  Melloni  has,  within  the  last  few  years,  greatly  extended  our  knowledge  respecting 
the  transmission  of  heat  through  media,  in  a  series  of  the  most  profound  researches.* 
In  his  experiments,  he  made  use  of  the  thermo-electric  pile  to  detect  changes  of 
temperature ;  an  instrument  which,  in  his  hands,  exhibited  a  sensibility  to  the  im- 
pressions of  heat  vastly  greater  than  that  of  the  most  delicate  mercurial  or  air  ther- 
mometer. 

His  instrument,  or  the  thermo-multiplier  (fig.  21),  consists  of  an  arrangement 
of  thirty  pairs  of  bismuth  and  antimony  bars  contained  in  a  braas  cylinder,  t,  and 

Fig.  21. 


having  the  wires  from  its  poles  connected  with  an  extremely  delicate  magnetic  gal- 
vanometer, n.  The  extremities  of  the  bars  at  b  being  exposed  to  any  source  of 
radiant  heat,  such  as  the  copper  cylinder  d,  heated  by  the  lamp  /,  while  the  tempe- 
rature of  the  other  extremities  of  the  bars  at  c  is  not  changed,  an  electric  current 
passes  Uirough  the  wires  from  the  poles  of  the  pile,  and  causes  the  magnetic  needle 
of  the  galvanometer  to  deflect.  The  force  of  the  electric  current  increases  in  pro- 
portion to  the  difference  of  the  temperatures  of  the  two  ends,  b  and  c,  that  is,  in 

*  The  complete  series  of  Mellonrs  Memoirs  is  giren  in  Taylor's  Scientific  Memoirs,  Vols. 
Land  XL 
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proportion  to  the  quantity  of  heat  falling  upon  b ;  and  tho  effect  of 

upon  the  needle,  or  the  deviation  produced,  is  proportional  to  the  force 

rent,  and  consequently  to  the  heat  itself;  at  least,  Melloni  finds  this  co 

to  be  exact  through  the  whole  arc,  from  zero  to  20^,  when  the  needle  is 

Melloni  proved  that  heat,  which  has  passed  through  one  plate  of  gl 

less  subject  to  absorption  in  passing  through  a  second.     Thus,  of  1000 

from  an  oil  flame,  451  rays  being  intercepted  in  passing  through  four  plai 

of  equal  thickness —  . 

4 

881  rays  were  intercepted  by  the  first  plate.  . ; 

48  "  "  by  the  second.  I 

18  "  "  by  the  third.  j 

9  "  "  by  the  fourth.  J 

461  , 

The  rays  appear  to  lose  considerably  when  they  enter  the  first  layers  of  i 
rent  medium ;  but  that  portion  of  heat,  which  has  forced  its  passage  thit 
first  layers,  may  penetrate  to  a  great  depth.  Transparent  liquids  are  fod| 
less  penetrable  to  radiant  heat  than  solids.  i 

The  capacity  which  bodies  possess  of  transmitting  heat  docs  not  depd 
their  transparency ;  or  bodies  are  not  at  all  transparent  to  heal  in  the  sani 
tion  that  they  are  transparent  to  light.  Thus,  plates  of  the  following  tn 
minerals,  having  a  common  thickness  of  01081  of  an  inch,  allowed  xarf. 
proportions  of  the  heat  from  the  flame  of  an  argand  oil-lamp  to  pass  throil 

Of  100  incident  rays  there  were  transmitted : —  . 

By  Rock-salt 92  rays.    • 

Mirror  glass 62  "       j 

Rock-crystal 62  " 

Iceland  spar 62  " 

Rock-crystal,  smoky  and  brown 57  *'       ^ 

Carbonate  of  lead , 52  << 

Sulphate  of  barytes 33  »* 

Emerald 29  «* 

Gypsum 20  «* 

Fluorspar 15  ** 

Citric  acid 15  *'       ! 

Rochelle  salt 12  " 

Alum 12  " 

Sulphate  of  copper 0  '* 

A  piece  of  smoky  rock-crystal,  so  brown  that  the  traces  of  letters  on  i 
page  covered  by  it  could  not  be  seen,  and  which  was  fifty-eight  times  thicb 
transparent  plate  of  alum,  transmitted  19  rays,  while  the  alum  transmittec 
One  substance,  which  is  perfectly  opaque,  a  kind  of  black  glass  used  for  tl 
zation  of  light  by  reflection,  was  found  by  Melloni  to  allow  a  considerable 
of  rays  of  heat  to  pass  through  it.  lie  applied  the  term  dialhermanous  \ 
which  transmit  heat,  as  diaphanous  is  applied  to  bodies  which  transmit  li| 
all  diaphanous  or  transparent  bodies,  water  is  in  the  least  degree  diathei 
With  the  exception  of  the  opaque  glass  referred  to  above,  all  diuthcrmanoi 
belong  also  to  the  class  of  diaphanous  bodies ;  for  those  kinds  of  metal,  i 
marble,  which  totally  obstruct  the  passage  of  light,  obstruct  that  of  heat  al 

The  proportion  of  heat  from  various  sources  which  radiates  through  « 
glass  l-50th  of  an  inch  in  thickness,  was  observed  by  Melloni  to  be  as  folic 

Of  100  rays  Transmitted.     Ab» 

From  the  flame  of  an  oil-lamp  there  were 54 

"    red  hot  platinum 37 

"    blackened  copper,  heated  to  732*  F 12 

<«  *«  «*  «*  212® 0  1 

But  the  power  of  transmission  of  rock-salt  is  the  same  for  heat  from  i 
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aouTceSy  or  for  heat  of  all  intensities ;  92  per  cent,  of  the  incident  heat  being  trans- 
mitted by  that  body,  whether  it  be  the  heat  radiated  from  the  hand  or  from  a  bright 
argand  lamp.  Kock-salt  stands  alone  in  this  respect  among  diathermanous  bodies. 
TMs  sabstance  may  be  cut  into  lenses  or  prisms,  and  be  used  in  concentrating  heat 
of  the  very  lowest  intensity,  or  in  decomposing  it  by  double  refraction,  in  the  same 
manner  as  glass  is  employed  with  the  light  of  the  sun.  Indeed,  rock-salt  has 
become  quite  invaluable  in  researches  upon  the  transmission  of  heat. 
•  It  thus  appears  that  a  body  at  different  temperatures  emits  different  species  of 
rays  of  heat,  which  may  be  sifted  or  separated  from  each  other  by  passing  them 
through  certain  transparent  media.  They  are  all  emitted  simultaneously,  and  in 
different  proportions,  by  flame  3  but  in  heat  from  sources  of  lower  intensity  some  of 
them  are  always  absent.  The  calorific  rays  of  the  sun  are  chiefly  of  the  kind  which 
passes  through  glass ;  but  Mclloni  shows  that  the  other  species  are  not  altogether 
wanting.  The  rays  of  heat  emitted  by  the  sun  and  other  luminous  bodies  are  quite 
different  rays  from  the  rays  of  light  with  which  they  are  accompanied. 

Of  the  equilibrium  of  temperature.  —  When  several  bodies  of  various  tempera- 
tures, some  cold  and  some  hot,  are  placed  near  each  other,  their  temperatures  gra- 
dually approximate,  and,  after  a  certain  period  has  elapsed,  they  are  found  all  to  be 
of  one  and  the  same  temperature.  To  account  for  the  production  and  continuation 
of  this  equilibrium  of  temperature,  it  is  necessary  to  assume  that  all  bodies  are  at 
all  times  radiating  heat  in  great  abundance  in  all  directions,  although  their  tempe- 
rature does  not  exceed  or  even  falls  below  the  temperature  of  tne  atmosphere. 
Hence,  there  is  an  incessant  interchange  of  heat  between  neighbouring  bodies ;  and 
a  general  equalization  of  temperature  is  produced  when  every  object  receives  as 
much  radiated  heat  as  it  emits. 

This  theory,  which  was  first  proposed  by  Prevost,  of  Geneva,  enables  us  to 
account  for  the  apparent  radiation  of  cold.  Cold,  we  know,  is  a  negative  quality, 
being  merely  the  absence  of  heat,  and  cannot  therefore  be  radiated.  Yet,  when  a 
lump  of  ice  is  placed  in  the  focus  of  a  reflecting  mirror,  a  thermometer  in  the  focus 
of  the  opposite  conjugate  mirror  is  chilled.  To  account  for  this  phenomenon  we 
m\i:it  remember  that  the  temperature  of  the  thermometer  is  stationary  only  so  long 
as  it  receives  as  much  heat  as  it  radiates.  It  is  in  that  state  before  the  experiment 
is  made  with  the  ice;  for  the  air  or  any  object  which  may  happen  to  be  in  the  other 
focus  is  of  the  same  temperature  as  the  ball  of  the  thermometer.  But  it  is  evident 
that  the  moment  ice  is  introduced  into  one  focus  less  heat  will  be  sent  from  that  to 
the  other  focus  than  was  previously  transmitted,  and  than  is  necessary  to  sustain 
the  thermometer  at  a  constant  temperature.  The  thermometer  ball,  therefore, 
giving  out  as  much  heat  as  formerly,  and  receiving  less  in  return,  must  full  in  tem- 
perature. Thb  is  an  experiment  in  which  the  thermometer  ball  is  in  fact  the 
hot  body,  ^ 

The  doctrine  of  the  radiation  of  heat  is  happily  applied  to  account  for  the  depo- 
sition of  dew,  A  considerable  refrigeration  of  the  surface  of  the  ground  below  the 
temperature  of  the  air  resting  upon  it,  amounting  to  10  or  20  degrees,  occurs  evenr 
calm  and  clear  niffht,  and  is  caused  by  the  radiation  of  heat  from  the  earth  (which 
is  a  good  radiator)  into  empty  space.  Now,  on  becoming  colder  than  the  air  above 
it,  the  ground  will  condense  the  moisture  of  the  air  in  contact  with  it,  and  be 
covered  with  dew.  For  the  air,  however  clear,  is  never  destitute  of  watery  vapour, 
and  the  quantity  of  vapour  which  air  can  retain  depends  upon  its  temperature ;  air 
at  52^,  for  instance,  l^ing  capable  of  retaining  l-86th  of  its  volume  of  vapour, 
while  at  32*^  it  can  retain  no  more  than  I-I50th  of  its  volume.  The  greatest 
difference  between  the  temperature  of  the  dav  and  night  takes  place  in  spring 
and  autumn,  and  these  are  the  seasons  in  which  the  most  abundant  dews  are 
deposited. 

That  the  deposition  of  dew-drops  depends  entirely  upon  radiation  is  fully  established 
by  the  following  circumstances :  —  1.  It  is  on  clear  and  calm  nights  only  that  dew 
is  ohserved  to  falL     When  the  sky  is  overcast  with  clouds,  no  dew  is  formed ;  for 
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then  the  heat  which  radiates  from  the  earth  is  returned  by  the  clouds  above,  a 
vented  from  escaping  into  space ;  so  that  the  ground  never  becomes  colder  tl 
air.  2.  The  slightest  screen,  such  as  a  thin  cambric  handkerchief,  stretched  b 
pins,  at  the  height  of  several  inches  above  the  ground,  is  sufficient  to  prot< 
objects  below  it  from  this  chilling  effect  of  radiation,  and  to  prevent  the  for 
of  dew  or  of  hoar-frost  upon  them.  This  fact  was  well  known  to  gardene 
they  had  long  availed  themselves  of  it  in  protecting  their  tender  plants  fron 
before  the  laws  of  the  radiation  of  heat  came  to  be  explained.  3.  Dr.  Wells 
by  numerous  experiments  that  the  quantity  of  dew  which  condenses  on  differ 
jects  exposed  in  the  same  circumstances  is  proportional  to  the  radiating  pc 
those  substances.  Thus,  when  a  polished  plate  of  metal  and  a  quantity  of  w 
exposed  together  in  favourable  circumstances,  scarcely  a  trace  of  dew  is  to 
served  on  the  metal,  while  a  large  quantity  condenses  in  the  wool,  the  latt 
stance  being  incomparably  the  best  radiator,  and  therefore  falling  to  a  mud 
temperature  than  the  metal. 

The  same  theory  has  been  applied  to  explain  a  process  for  making  ice  follo' 
the  Indian  natives  near  Calcutta.  In  that  climate  the  temperature  of  the  air 
falls  below  40^  in  the  coldest  nights ;  but  the  sky  is  clear,  and  a  powerful  ra 
takes  place  from  the  surface  of  the  ground.  Hence,  water  contained  in  shallo 
imbedded  in  straw  is  often  sheeted  over  with  ice  by  a  night's  exposure.  Th< 
is  certainly  cooled  by  radiation  from  its  surface,  and  not  by  evaporation ;  ; 
process  succeeds  best  when  the  pans  are  placed  in  shallow  trenches  dug 
ground,  an  arrangement  which  retards  evaporation;  and  no  ice  forms  in 
weather,  when  evaporation  is  greatest. 

The  morning  frosts  of  autumn  are  first  felt  in  sequestered  situations,  as  in  : 
closed  on  all  sides,  or  along  the  low  courses  of  rivers,  where  the  cooling 
earth's  surface  by  radiation  is  in  the  least  degree  checked  by  the  movement 
air  over  it.     These  are  also  the  very  situations  upon  which  the  sun's  rays  j 
the  greatest  effect  in  summer. 

Reverting  again  to  the  subject  of  conduction  of  heat  through  solid  bodies,  i 
now  be  stated,  that  there  is  every  reason  to  believe  that  heat  is  propagated,  e 
that  case,  in  a  manner  not  unlike  radiation.  Heat,  in  its  passage  through  a  bar  c 
is  probably  radiated  from  particle  to  particle ;  for  the  material  atoms,  of  which  1 
consists,  are  not  supposed  to  be  in  absolute  contact,  although  held  near  eacl 
by  a  strong  attraction.  Radiation,  as  observed  in  air  or  a  vacuum,  may  thi 
into  conduction  in  solids,  without  any  breach  of  continuity  in  the  natural 
which  heat  in  motion  is  subject.  Baron  Fourier  proceeds  upon  such  an  hyp 
in  his  mathematical  investigation  of  the  law  of  cooling  by  conduction  it 
bodies.* 

Wp  are  now  in  a  cpndition  to  advert  with  advantage  to  the  equilibrium 
temperature  of  the  earth.  There  can  be  no  doubt  of  the  existence,  in  this  gl 
ours,  of  a  central  heat.  At  a  depth  under  the  surface  of  the  earth,  not  in  g 
exceeding  twenty  feet,  the  thermometer  is  perfectly  stationary,  not  being  affcc 
the  change  of  the  seasons ;  but  at  greater  depths  the  temperature  progressively 
M.  Cordier,  to  whom  we  are  indebted  for  a  most  profound  investigation  of  thi 
resting  subject,  considers  the  two  following  conclusions  to  be  established  by  all  t 
servations  on  temperature  which  have  been  made  at  considerable  depths.  1st. 
below  the  stratum  where  the  annual  variations  of  the  solar  heat  cease  to  be  sens 
notable  increase  of  temperature  takes  place  as  we  descend  into  the  interior  of  the 
2dly.  That  a  certain  irregularity  must  be  admitted  in  the  distribution  of  the  a 
raneous  heat,  which  occasions  the  progressive  increase  of  temperature  to  vary  at 
ent  places.    Fifteen  yards  has  been  provisionally  assumed  as  the  average  depth 


*  See  a  report  by  Professor  Kclland,  On  the  present  state  of  our  Theoretical  and  E 
mental  Knowledge  of  the  Laws  of  the  Conduction  of  Heat,  in  the  Ueports  of  the  ] 
Association  for  the  Advancement  of  Science,  for  1841,  p.  1. 
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corresponds  to  an  incrcaso  of  one  degree  Fahrenheit.  This  is  about  116  degrees  for 
each  mile.  Admitting  this  rate  of  increase,  we  have  at  the  depth  of  30  ^  miles 
below  the  surface  a  temperature  of  3500^,  which,  would  melt  cast  iron,  and  which  is 
amply  sufficient  to  melt  the  lavas,  basalts,  and  other  rocks,  which  have  actually  been 
erupted  from  below  in  a  fluid  state.  But  this  central  heat  has  long  ceased  to  affect 
the  surface  of  the  earth.  Fourier  demonstrates,  from  the  laws  of  conduction,  that 
although  the  crust  of  the  globe  were  of  cast  iron,  heat  would  require  myriads  of 
years  to  be  transmitted  to  the  sur£au%  from  a  depth  of  150  miles.  But  the  crust  of 
the  globe  is  actually  composed  of  materials  greatly  inferior  to  cast  iron  in  conducting 
power.  The  temperature  of  the  surface  of  the  globe  now  depends  upon  the  amount 
of  heat  which  it  receives  from  the  sun,  compared  with  the  heat  radiated  away  from 
its  8ur&ce  into  free  space.  There  is  reason  to  believe  that  no  material  change  has 
occurred  in  the  quantity  of  heat  received  from  the  sun  during  the  historical  epoch. 
The  radiation  from  the  surface  of  the  earth  has  its  limit  in  the  temperature  of  the 
planetary  space  in  which  it  moves,  which  Fourier  deduces,  from  calculation,  to  lie 
between  — 58°  and  — 76°,  and  which  Schwanberg,  from  a  calculation  on  totally 
difierent  principles,  estimates  at  —  58°. 6 ;  a  close  coincidence.  This  low  temper- 
ature appears  to  be  attained  in  the  long  absence  of  the  sun  during  a  polar  winter, 
as  Captain  Parry  found  the  thermometer  to  fall  so  low  as  — 55°  or  — 56®  at  Mel- 
ville Island ;  and  Captain  Back  has  recorded  a  temperature  observed  on  the  North 
American  continent  so  low  as  —  70°. 


FLUIDITY  AS  AN  EFFECT  OF  HEAT. 

One  of  the  general  effects  of  heat  upon  bodies  has  already  been  adverted  to, 
namely  its  power  of  causing  them  to  expand,  which  demanded  our  earliest  attention, 
as  it  involves  the  principle  of  the  thermometer.  But  heat,  besides  effectiug  changes 
in  the  bulk,  is  capable  of  effecting  changes  in  the  condition  of  bodies.  Matter  is 
presented  to  us  in  three  very  dissimilar  conditions,  or  forms,  namely,  in  the  solid, 
liquid,  and  easeous  forms.  It  is  believed  that  no  body  is  restricted  to  any  of  these 
forms,  but  that  the  state  of  bodies  depends  entirely  upon  the  temperature  in  which 
they  are  placed.  In  the  lowest  temperatures,  they  are  all  solid,  in  higher  tempe- 
ratures they  arc  converted  into  liquids,  and  in  the  highest  of  all  they  become  elastic 
gases.  The  particular  temperatures  at  which  bodies  undergo  these  changes  are 
exceedingly  various,  but  they  are  always  constant  for  the  same  body.  The  first 
effect,  then,  of  heat  on  the  state  of  bodies  is  the  conversion  of  solids  into  liquids ;  or 
heat  is  the  cause  of  fluidity. 

Some  substances,  in  liquefying,  pass  through  an  intermediate  condition,  in  which 
it  is  difficult  to  say  whether  they  are  liquids  or  solids.  Thus  iallow,  wax,  and  several 
other  bodies,  pass  through  every  possible  degree  of  softness  before  they  attain  com- 
plete fluidity.  Such  bodies,  however,  are  in  general  mixtures  of  two  or  more  sub- 
stances, which  crystallize  imperfectly.  But  ice,  and  the  great  majority  of  bodies, 
pass  immediately  from  the  solid  into  the  liquid  state.  The  temperatures  at  which 
bodies  undergo  diis  change  are  exceedingly  various. 


Melts  at 

Lemd 694° 

Bismath 476 

Tin 442 

Sulphur 232 

Wax 142 

Spermaceti 112 

Phosphorus 108 

Tallow 92 

Oil  of  anise 50 


Melts  at 

Olive  oil 36<> 

Ice * 82 

Milk 80 

Wines 20 

Oil  of  turpentine 14 

Mercury *. — 89 

Liquid  ammonia — 46 

Ether —47 


If  the  bodies  are  in  the  fluid  form,  they  freeze  upon  being  cooled  below  the  tempe- 
raturcfl  set  against  them. 
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It  may  be  added,  in  reference  to  this  table,  first,  tbat  in  certain  circui 
liquids  can  be  cooled  down  several  degrees  below  their  usual  freezing  poii 
they  begin  to  congeal.  Thus  we  may  succeed,  by  taking  certun  precaol 
cooling  a  small  quantity  of  water,  in  a  glass  tube,  so  low  as  the  temperato] 
even  as  5°,  without  its  freezing ;  that  is,  24  or  27  degrees  under  its  proper 
point  32^.  The  water  must  be  cooled  without  the  slightest  agitation,  and 
or  angular  body  be  in  contact  with  it ;  for  the  instant  any  solid  body  is  drop 
water  cooled  below  its  freezing  point,  or  a  tremor  is  communicated  to  it,  cor 
commences,  and  the  temperature  of  the  liquid  starts  up  to  82^.  But,  on  i 
hand,  we  cannot  heat  a  solid  the  smallest  fraction  of  a  degree  above  its  prof 
ing  point,  without  occasioning  liquefaction.  Hence  it  is  not  the  freezing  c 
but  the  melting  of  ice,  which  takes  place  with  rigorous  constancy  at  32°  Fal 

All  salts  dissolved  in  water  have  the  effect  of  lowering  the  freezing  tern 
of  that  liquid.     Common  culinary  salt  appears  to  depress  this  point  lower  I 
other  saline  body ;  and  the  effect  appears  to  be  closely  proportional  to  the 
of  salt  in  solution.     A  solution  of  1  part  of  salt  in  4  of  water  freezes  at 
sea-water,  which  contains  l-30th  of  its  weight  of  salt,  freezes  at  28°. 

But  the  principal  fact  to  be  adverted  to  in  liquefaction  is  the  disappeara 
large  quantity  of  heat  during  the  change.  Heat  pours  into  a  body  during 
ing,  without  raising  its  temperature  in  the  most  minute  degree.  This  hea 
enters  the  body  and  becomes  insensible  or  latent,  serves  merely  to  melt  tl 
We  are  indebted  to  Dr.  Black  for  this  observation,  which  involves  consequ 
greater  importance  than  any  other  announcement  in  the  theory  of  heat. 

Before  Dr.  Black's  views  were  made  known,  fluidity  was  considered  as  j 
by  a  very  small  addition,  to  the  quantity  of  heat  which  a  body  contains,  w 
once  heated  up  to  its  melting  point.  But  if  we  attend  to  the  manner  in  ^ 
and  snow  melt,  when  exposed  to  the  air  of  a  warm  room,  we  can  percei 
however  cold  they  may  be  at  first,  they  are  soon  heated  up  to  their  meltii 
and  begin  at  their  surface  to  be  changed  into  water.  Now,  if  the  complete 
of  these  bodies  into  water  required  only  the  fiirther  addition  of  a  very  sms 
tity  of  heat,  a  mass  of  them,  though  of  considerable  size,  ought  all  to  be  me! 
few  minutes  or  seconds  more,  the  heat  continuing  to  be  communicated  fron 
around.  But  masses  of  ice  and  snow  melt  with  extreme  slowness,  especially 
be  of  a  large  size,  as  are  those  collections  of  ice  and  wreaths  of  snow  that  an 
in  some  places  during  winter.  These,  after  they  begin  to  melt,  often  rcqui 
weeks  of  warm  weather,  before  they  are  totally  dissolved  into  water.  T 
manner  in  which  ice  melts  in  ice-houses  is  also  familiarly  known. 

By  examining  what  happens  in  these  cases,  it  may  easily  be  perceived  tha 
great  quantity  of  heat  must  enter  the  melting  ice,  to  form  the  water  into  wb 
changed,  and  that  the  length  of  time  necessary  for  the  collection  of  so  mi 
from  surrounding  bodies  is  the  reason  of  the  slowness  with  which  the  ice  is  li 
When  melting  ice  is  suspended  in  warm  air,  the  entrance  of  heat  into  it 
sensible  by  a  stream  of  cold  air  descending  constantly  from  the  ice,  which 
perceived  by  the  hand.  It  is,  therefore,  evident  that  the  melting  ice  recei' 
very  fast ;  but  the  only  effect  of  this  heat  is  to  change  it  into  water,  which  i 
the  least  sensibly  warmer  than  the  ice  was  before.  A  thermometer  applied 
drops  or  small  streams  of  water  as  they  come  immediately  from  the  melt 
will  point  to  the  same  degree  as  when  applied  to  the  ice  itself.  A  great  qua 
the  heat,  therefore,  which  enters  into  the  melting  ice,  has  no  other  effect  tl 
of  giving  it  fluidity.  The  heat  appears  to  be  absorbed  or  concealed  within  th 
and  cannot  be  detected  by  the  thermometer. 

When  ice  is  melted  by  means  of  warm  water,  this  absorption  of  heat  i 
exceedingly  obvious.  Thus,  on  mixing  a  pound  of  water  at  172°  with  a  p 
snow  at  32°,  the  snow  is  all  melted,  and  the  mixture  is  two  pounds  of  watei 
temperature  of  32°.  In  being  cooled  down  from  172°  to  32°,  the  hot  wal 
140  degrees  of  heat,  which  convert  the  snow  into  water,  indeed,  but  proc 
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ive  of  temperature  in  the  mixture  above  the  32  degrees  originally  possessed  by 
the  snow. 

Dr.  Blaek  proved  that  the  heat  which  disappears  in  this  manner  is  not  extinguished 
or  destroyed,  but  remains  latent  in  the  water  so  long  as  it  is  fluid,  and  is  extricated 
again  when  it  freezes. 

In  water  that  has  been  cooled  below  its  usual  freezing  point,  when  the  congelation 
is  once  determined,  quantities  of  icy  spicula)  are  produced  in  proportion  to  the  de- 
pression of  temperature,  whilst  at  the  same  instant  the  temperature  of  ice  and  water 
starts  up  to  32°.  The  heat  which  thus  appears  was  previously  latent  in  that  portion 
of  the  water  which  is  frozen.  The  same  disengagement  of  latent  heat  may  be  con- 
veniently illustrated  by  means  of  a  supersaturated  solution  of  sulphate  of  soda, 
formed  by  dissolving,  at  a  high  temperature,  three  pounds  of  the  salt  in  two  pounds 
of  water.  When  this  liquid  is  allowed  to  cool  undisturbed,  and  with  a  stratum  of 
oil  on  its  surface,  it  remains  fluid,  although  containing  a  mudh  greater  quantity  of 
salt  in  solution  than  the  water  could  dissolve  at  the  temperature  to  which  it  has 
fiillen.  But  the  suspended  congelation  of  the  salt  being  determined  by  the  intro- 
duction of  any  solid  substance  into  the  solution,  the  temperature  then  often  rises  30 
and  even  40  degrees,  while  crystals  of  sulphate  of  soda  shoot  rapidly  through  the 
liquid. 

Wax,  tallow,  sulphur,  and  all  other  solid  bodies,  are  melted  in  the  same  manner 
as  water,  by  the  assumption  of  a  certain  dose  of  heat.  The  latent  heat  which  the 
following  substances  potness  in  the  fluid  form  was,  with  the  exception  of  water,  de- 
termined by  Br.  Irvine. 

Latent  heat 

Water  » 142  degrees.^ 

Sulphur 145  " 

Lead 162  " 

Bee8'-wax 175  " 

Zinc 493  " 

Tin   500  " 

Bismuth  560  " 

Even  in  the  solid  form  certain  bodies  admit  of  a  variation  in  their  structure  and 
properties  from  the  assumption  or  loss  of  latent  heat.  Dr.  Black  made  it  appear 
probable  that  metals  owe  their  malleability  and  ductility  to  a  quantity  of  latent  beat 
combined  with  l^em.  When  hammered  they  become  hot  from  the  disengagement 
of  this  heat,  and  at  the  same  time  become  brittle.  Their  malleability  is  restored  by 
heating  them  again  in  a  furnace.  Su^r,  it  is  well  known,  may  exist  as  a  transparent 
and  colourless  body,  with  the  physical  properties  of  glass,  or  as  a  white  and  opaque, 
because  a  granular  or  crystalline  mass.  The  transition  from  the  glassy  to  the  granular 
state  is  attended  by  a  very  remarkable  evolution  of  heat,  which  appears  to  have 
escaped  the  notice  of  scientific  men.  If  melted  sugar  be  allowed  to  cool  to  about 
100^,  and  then,  while  it  is  still  soft  and  viscid,  be  rapidly  and  frequently  extended 
and  doubled  up,  till  at  last  it  consbts  of  threads,  as  in  drawn  sugar,  the  temperature 
of  the  mass  quickly  rises  so  as  to  become  insupportable  to  the  hand.  After  this 
liberation  of  heat,  the  sugar  on  again  cooling  is  no  longer  a  glass,  but  consists  of 
minute  crystalline  grains,  and  has  a  pearly  lustre.  The  same  change  may  occur  in  a 
gradual  manner,  as  when  a  clear  stick  of  barley-sugar  becomes  white  and  opaque  in 
the  atmosphere ;  but  then  we  have  no  means  of  obscn'ing  the  escape  of  the  latent 
heat  on  which  the  change  depends.  It  may  be  inferred  that  glass  itself,  like  trans- 
parent barley-sugar,  owes  its  peculiar  constitution  and  properties  to  the  permanent 
retention  of  a  certain  quantity  of  latent  heat.  Of  this  heat  glass  can  be  deprived 
by  keeping  it  long  in  a  soft  state ;  it  then  becomes  granular,  and,  passing  into  the 
condition  of  Reaumur's  porcelain,  loses  all  the  characters  of  glass. 

It  is  not  unlikely  that  the  dimorphism  of  a  body,  or  its  property  to  assume  two 
different  crystalline  forms,  may  likewise  depend  upon  the  retention  of  a  certain 

'  De  la  Profostaye  and  Begnault,  Annalea  de  Chimie,  &o.,  8  s^r.  t  8,  p.  1. 
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quantity  of  latent  heat  by  the  body  in  the  one  form,  and  not  in  the  other, 
sulphur  assumes  two  forms,  one  on  cooling  from  a  state  of  fusion  by  heat, 
in  crystallizing  at  a  lower  temperature,  and  probably  with  the  retention  of  le 
heat,  from  a  solution  of  sulphuret  of  carbon.  In  charcoal  and  plumbago,  a 
have  carbon  which  has  assumed  the  solid  form  at  a  high  temperature,  and 
with  the  fixation  of  a  quantity  of  latent  heat  which  does  not  exist  in  the  c 
another  form  of  the  same  body. 

When  a  solid  body  is  melted  by  the  intervention  of  some  affinity,  with 
being  applied  to  it,  cold  is  generally  produced.  Thus,  most  salts  occasion  a  r 
of  temperature,  in  the  act  of  dissolving  in  water,  which  requires  them  to 
fluid.  Nitre,  for  instance,  cools  the  water  in  which  it  is  dissolved  15  or  18 
A  mixture  of  five  parts  of  sal  ammoniac  and  five  of  nitre,  both  finely  p< 
dissolved  in  nineteen  parts  of  water,  may  reduce  its  temperature  from  50^ 
or  considerably  below  the  freezing  point  of  pure  water.  These  salts  are  neec 
by  their  affinity  for  water,  to  dissolve  when  mixed  with  it,  and  to  become 
change  which  implies  the  assumption  of  latent  heat.  Most  of  our  artificial  ] 
for  producing  cold  are  founded  upon  this  disappearance  of  heat  during  liqu 
A  very  convenient  process  for  freezing  a  little  water,  without  the  use  of  : 
drench  finely  powdered  sulphate  of  soda  with  the  undiluted  hydrochloric  ac: 
shops.  The  salt  dissolves  to  a  greater  extent  in  this  acid  than  in  water, 
temperature  may  sink  from  50°  to  0°.  The  vessel  in  which  the  mixture 
becomes  covered  with  hoar  frost,  and  water  in  a  tube  immersed  in  the  m 
speedily  frozen. 

The  same  affinity  between  salts  and  water  may  be  taken  advantage  of 
the  liquefaction  of  ice.  On  mixing  snow  with  a  third  of  its  weight  of  i 
snow  is  instantly  melted,  and  the  temperature  sinks  nearly  to  0°.  It  wa 
way  that  Fahrenheit  is  supposed  to  have  obtained  the  zero  of  his  scale, 
the  table  are  always  made  in  summer  by  mixing  roughly  pounded  ice  and  s 
ther,  and  immersing  the  cream,  or  other  liquid  to  be  frozen,  contained  I 
metallic  pan,  in  the  cold  brine  which  is  produced  by  the  melting  of  the  ice. 

The  liquefaction  of  snow  by  means  of  the  salt,  chloride  of  calcium,  oc< 
still  greater  degree  of  cold.  To  prepare  this  salt,  marble  or  chalk  is  diss 
hydrochloric  acid,  and  the  solution  evaporated  by  a  temperature  not  exceedio 
It  should  be  stirred,  as  it  becomes  dry  at  this  temperature ;  and  is  obtaii 
crystalline  powder,  being  the  combination  of  chloride  of  calcium  with  two  a 
water.  When  three  parts  of  this  salt  are  mixed  with  two  of  dry  snow,  \ 
perature  is  reduced  from  32°  to  — 50°.  In  attempting  to  freeze  mercury  b; 
of  this  mixture,  it  is  advisable  to  make  use  of  not  less  than  three  or  four  po 
the  materials.  When  the  materials  arc  divided,  and  the  mercury  is  first  coo 
siderably  by  one  portion,  it  rarely  fails  in  being  frozen  when  transferred  into 
portion  of  the  mixture.  For  producing  still  more  intense  degrees  of  cold, ' 
poration  of  highly  volatile  liquids,  of  liquid  carbonic  acid;  for  instance^  affi 
most  efficient  means. 

VAPORIZATION. 

We  have  now  to  consider  the  second  general  effect  of  heat — ^Vaporization 
conversion  of  solids  and  liquids  into  vapour.  Vapours,  of  which  steam  is  t] 
familiar  to  us,  are  light,  expansible,  and  generally  invisible  gases,  resembl 
completely  in  their  mechanical  properties,  while  they  exist,  but  subject  to 
densed  into  liquids  or  solids  by  cold.  Water  undergoes  a  great  expansio 
converted  into  steam,  a  cubic  inch  of  water  becoming,  in  ordinary  circumstt 
cubic  foot  of  steam ;  or,  more  strictly,  one  cubio  inch  of  water^  when  convert 
steam,  expands  into  1694  cubic  inches. 

This  change,  like  fluidity,  is  produced  by  the  addition  of  heat  to  the  bodj 
undergoes  it  But  a  much  larger  quantity  of  heat  enters  into  vapours  thi 
liquids;  into  Bteam  than  into  water.    If,  over  a  steady  fire,  a  certain  quantity 
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eold  water  requires  one  hour  to  bring  it  to  the  boiling  point,  it  will  require  a  con- 
tinuance of  the  same  heat  for  five  hours  more  to  boil  it  off  entirely.  Yet  liquids  do 
not  become  hotter  after  they  begin  to  boil,  however  long,  or  with  whatever  violence 
the  boiling  is  continued :  for  if  a  thermometer  be  plunged  into  water,  and  the  point 
marked  where  it  stands  at  the  begii^ning  of  the  boiling,  it  will  be  found  to  rise  no 
higher,  although  the  boiling  be  continued  for  a  long  time. 

This  fact  is  of  importance  in  domestic  economy,  particularly  in  cookery;  and 
attention  to  it  would  save  much  fuel.  Soups,  &o.,  made  to  boil  in  a  gentle  way,  by 
the  application  of  a  moderate  heat,  are  just  as  hot  as  when  they  are  made  to  boil  on 
a  strong  fire  with  the  greatest  violence ;  when  water  in  a  copper  is  once  brought  to 
the  boiling  point,  the  fire  may  be  reduced,  as  having  no  further  effect  in  raising  its 
temperature,  and  a  moderate  heat  being  sufficient  to  preserve  it. 

The  steam  from  boiling  water,  when  examined  by  the  thermometer,  is  found  to 
be  no  hotter  than  the  water  itself.  What,  then,  becomes  of  all  the  heat  which  is 
communicated  to  the  water,  since  it  is  neither  indicated  in  the  steam  nor  in  the 
water?  It  enters  into  the  water,  and  converts  it  into  steam,  without  raising  its 
temperature.  As  much  heat  disappears  as  is  capable  of  raising  the  temperature  of 
the  portion  of  water  converted  into  steam  1000  degrees,  or,  what  is  the  same  thing, 
as  would  raise  the  temperature  of  one  thousand  times  as  much  water  by  one  degree. 
This  is  now  generally  assumed  to  be  the  amount  of  the  latent  heat  of  steam.  Dr. 
Black  found  it  to  be  about  960  degrees,  Mr.  Watt  940  degrees,  and  Lavoisier  rather 
more  than  1000  degrees. 

Several  circumstances  may  be  remarked  during  the  occurrence  of  this  change  in 
water.  On  heating  water  gradually  in  a  vessel,  we  first  observe  minute  bubbles  to 
form  in  the  liquid,  and  rise  through  it,  which  consist  of  air.  As  the  temperature 
increases,  larger  bubbles  are  formed  at  the  bottom  of  the  vessel,  which  rise  a  little 
way  in  the  liquid,  and  then  contract  and  disappear,  producing  a  hissing  or  simmering 
sound.  But,  as  the  heating  goes  on,  these  bubbles,  which  are  steam,  rise  higher 
and  higher  in  the  liquid,  till  at  last  they  reach  its  surface  and  escape,  producing  a 
bubbling  agitation,  or  the  phenomenon  of  ebullition.  The  whole  process  of  boiling 
is  beautifully  seen  in  a  glass  vessel.  It  will  be  remarked  that  steam  itself  is 
invisible;  it  only  appears  when  condensed  again  into  minute  drops  of  water  by 
miring  with  the  cold  air. 

It  was  first  observed  by  Guy-LussjMS,  that  liquids  are  converted  more  easily  into 
yapour  when  in  contact  with  angular  and  uneven  surfaces,  than  when  the  durfiices 
which  they  touch  are  smooth  and  polished.  He  also  remarked  that  water  boils  at 
a  temperature  two  degrees  higher  in  glass  than  in  metal ;  so  that  if  into  water,  in  a 
glass  flask,  which  has  ceased  to  boil,  a  twisted  piece  of  cold  iron  be  dropped,  the 
boiling  is  resumed :  it  is  only  in  vessels  of  metal  that  the  boiling  point  is  regular, 
and  should  be  taken  in  graduating  thermometers.  It  has  been  remarked  by  Mr. 
Scrymgeour,  of  Glasgow,  that  if  oU  be  present  with  water,  the  boiling  point  of  the 
water  is  raised  a  few  degrees,  in  any  kind  of  vessel.  A  much  greater  elevation  of 
the  boiling  point  has  been  observed  by  M.  Marcet,  (Ann.  de  Chimie,  &c.,  8  s^r. 
t  5,  p.  449),  in  a  glass  flask,  having  its  inner  surface  coated  with  a  thin  film  of 
shellac,  in  which  the  temperature  often  rises  to  221^,  or  even  higher,  before  a  burst 
of  vapour  occurs;  it  then  sinks  a  few  degrees,  after  which  it  rises  again.*  The 
reason  why  water  in  these  circumstances  does  not  pass  into  vapour  at  its  usual  boil- 
ing pointy  is  not  distinctly  understood.  The  water  appears  to  be  in  a  precarious 
state  of  equilibrium,  as  in  the  other  analogous  case,  when  cooled  with  caution  in  a 
smooth  glass  vessel  considerably  under  its  usual  freezing  point.  The  introduction 
of  an  angular  body  into  the  water  is  sufficient,  in  either  instance,  to  induce  the  sus- 

*  The  author  has  quoted  incorrectly  the  results  of  Marcet's  experiments,  as  referred  to 
above.  The  statements  made,  are  to  the  effect  that  in  glass  vessels  deprived  of  all  foreign 
matter  on  their  surface,  a  marked  elevation  of  the  temperature  of  ebullition  may  be  obtained, 
distiDed  water  not  boiling  below  105°  C.  (22I<>  F.) ;  but  in  vessels  coated  with  shellac  or  sul- 
phur, this  temperature  is  inferior  by  some  tenths  of  a  degree  to  that  in  metal  vessels.  —  B.  B 
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pendcd  change.  The  same  irregular  (ie>nation  of  the  boiling  point  in  glass  V€ 
takes  place  in  other  liquids  as  well  as  water^  and  in  some  of  them  to  a  much  gr 
extent. 

There  is  a  curious  circumstance  in  regard  to  boiling,  which  is  a  matter  of  com 
observation  in  some  shape  or  other.  When  a  little  water  (a  few  drops)  is  tk 
into  a  metallic  cup  considerably  above  the  boiling  point  of  water,  the  liquid  assi 
a  spheroidal  form,  and  rolls  about  the  cup  like  melted  crystal,  without  visible  < 
lition^  being  only  slowly  dissipated.  The  cause  of  the  phenomenon  appears  t 
this.  Water  exhibits  an  attraction  for  the  surface  of  almost  all  solids  at  low  te 
ratures,  and  wets  them.  Fluid  mercury  exhibits  the  opposite  property,  or  a  r 
sion  for  most  surfaces.  The  attraction  of  water  for  surfaces  brings  it  into  the  cl 
contact  with  them,  and  greatly  promotes  the  communication  of  heat  by  a  hi 
vessel  to  the  water  contained  in  it.  But  heat  appears  to  developc  a  repulsive  p 
in  bodies,  and  it  is  probable  that  above  a  particular  temperature  the  heated  ii 
no  longer  possesses  this  attraction  for  water.  The  water,  not  being  attracted  U 
surface  of  the  hot  metal,  and  induced  to  spread  over  it,  is  not  rapidly  heaied, 
therefore  boils  off  slowly.  A  rude  method  of  judging  of  the  degree  of  he 
founded  on  the  same  principle,  and  is  seen  familiarly  exemplified  in  the  lam 
The  heat  of  the  smoothing  iron  is  judged  of  by  its  effects  upon  a  drop  of  saliv 
fall  upon  it.  If  the  drop  do  not  boil,  but  run  along  the  surface  of  the  metal 
iron  is  considered  sufficiently  hot ;  but  if  the  drop  adheres  and  is  rapidly  dissip 
the  temperature  is  considered  low. 

The  spheroidal  ebullition  of  liquids,  which  was  first  examined  by  LeidenfroE 
1756,  has  lately  received  from  M.  Boutigny  some  striking  experimental  illu 
tions  (Annales  de  Chimie,  &o.,  8  86r.  t.  ix.  p.  350 ;  et  t.  xi.  p.  16).  He  hat 
served  that  water  may  pass  into  spheroidal  ebullition  at  any  temperature  above  3 
and  remain  in  that  state  till  the  temperature  falls  to  288^ ;  then  it  moisteni 
metallic  capsule  in  which  the  experiment  is  made,  and  evaporates  rapidly, 
corresponding  temperatures  at  which  alcohol  and  ether  pass  into  the  spheroidal : 
in  a  heated  capsule  were  found  to  be  proportional  to  their  points  of  ebullition ; 
temperature  for  the  first  being  273*^,  and  for  the  second  142°.  The  ball  of  a  ' 
mometcr  being  plunged  in  liquids  while  in  the  spheroidal  state,  indicated  the 
pcraturcs  —  in  water,  of  205*7®;  in  absolute  alcohol,  of  167*9®;  in  ether,  93 
in  hydrochloric  ether,  50*9°;  in  sulphurous  acid,  13*1°;  which  are  all  so* 
degrees  below  the  ordinary  temperatures  of  ebullition  of  these  liquids.  When 
tilled  water  is  allowed  to  fsJl.  drop  by  drop  into  sulphurous  acid  in  the  sphere 
state,  the  water  is  immediately  congealed  into  a  spongy  mass  of  ice,  even  whex 
containing  capsule  is  visibly  red-hot. 

The  temperature  at  which  any  liquid  boils  is  not  fixed  (like  the  melting  poii 
solids),  but  depends  entirely  upon  a  particular  circumstance, — ^the  degree  of  prei 
to  which  the  liquid  is  at  the  time  subject.  Liquids  are  in  general  subject  tc 
pressure  of  the  atmosphere ;  for  although  the  air  is  an  exceedingly  light  substi 
being  815  times  lighter  than  water,  yet  by  reason  of  its  great  quantity  and  hei 
it  comes  to  weigh  with  considerable  force  upon  the  earth.  This  is  called  the  a 
spheric  pressure,  and  amounts  to  about  fifteen  pounds  upon  each  square  ind 
surface.  The  force  with  which  air  presses  upon  a  man  of  ordinary  size  has  I 
estimated  at  fifty  tons ;  yet,  from  all  the  cavities  of  the  animal  frame  being  i 
with  equally  elastic  air,  we  support  this  great  pressure  without  being  sensible  d 
indeed,  we  should  suffer  the  greatest  inconvenience  from  its  sudden  removal.  1 
the  pressure  of  the  atmosphere  is  not  always  the  same  at  the  same  place,  bi 
found  by  the  barometer  to  vary  within  the  limits  of  one-tenth  of  the  whole  prcai 
This  difference  affects  the  boiling  point  to  the  extent  of  4}  degrees.  Thus,  n 
the  height  of  the  mercury  in  the  barometer  is  expressed  by  the  numbers  in 
first  column^  water  boils  at  the  temperatures  placed  against  them  in  the  sec 
column. 
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Bftrometer  in  inches  of  meronxy.  Water  boils. 

27-74 208« 

28-29 209 

28-84 210 

29-41 211 

29  92 212 

80  0    213 

On  this  account  tho  pressure  of  the  atmosphere  must  be  attended  to  in  fixing  the 
boiling  point  of  water  on  thermometers.  Water  boils  at  212°  only  when  the  pres- 
sure of  the  atmosphere  is  equivalent  to  a  column  of  29-92  inches  of  mercury. 

The  pressure  of  the  ktmosphere  will  be  greatest  at  the  level  of  the  sea,  and  will 
diminish  as  we  ascend  to  any  height  above  it,  for  then  we  have  less  of  the  atmo- 
sphere above  and  pressing  upon  us,  part  of  it  being  below  us.  Hence,  water  boils 
on  the  tops  of  mountains  at  a  consiaerably  lower  temperature  than  at  their  bases. 
On  the  top  of  Mont  Blanc,  which  is  the  pinnacle  of  Europe,  water  was  observed  by 
Saussure  to  boil  at  184°.  In  deep  pits,  on  the  other  hand,  water  requires  a  higher 
temperature  to  boil  it  than  at  the  surface  of  the  earth.  An  instrument  has  been 
constructed  for  ascertaining  the  heights  of  mountains  on  this  principle.  It  consists 
essentially  of  a  thermometer,  graduated  with  great  care  about  the  boiling  point  of 
water,  by  means  of  which  the  temperature  at  which  water  boils  at  difierent  altitudes 
can  be  ascertained  with  minute  accuracy.  A  difference  of  one  degree  of  temperature 
is  occasioned  by  an  ascent  of  about  550  feet,  and  the  depression  of  the  boiling  point 
is  accurately  proportional  to  the  elevation  above  the  earth's  surface,  according  to  the 
observations  of  Prof.  Forbes  (Edinburgh  Phil.  Trans,  xv.  409).* 

When  the  pressure  on  liquids  is  removed  by  artificial  means,  they  boil  at  greatly 
reduced  temperatures.  This  may  be  done  by  placing  them  under  the  receiver  of  an 
air-pump,  and  exhausting.  When  the  whole  air  is  withdrawn,  liquids  in  general 
boil  at  about  145°  under  the  temperature  which  they  require  to  make  them  boil 
when  subject  to  the  atmospheric  pressure.  In  a  good  vacuum  water  will  boil  at  G7°. 
This  fiict  is  also  illustrated  by  a  simple  experiment  which  any  one  may  perform.  A 
flask,  containing  boiling  water,  is  closed  with  a  cork,  while  the  upper  part  is  filled 
with  steam.  The  boiling  in  the  flask  may  bo  renewed  by  plunging  it  into  cold 
water ;  and  the  colder  the  water  the  brisker  will  the  ebullition  become.  But  the 
boiling  is  instantly  checked  by  removing  the  flask  trom  the  cold  water  and  immers- 
ing it  in  very  hot  water.  On  corking  the  flask  the  ebullition  ceased  from  the  pres- 
sure exerted  by  the  confined  steam  upon  the  surface  of  the  water ;  but  on  plunging 
the  flask  into  cold  water,  the  steam  was  condensed,  and  the  water  began  to  boU 
under  the  reduced  pressure.  On  removing  the  flask  to  the  hot 
water,  the  steam  above  ceased  to  be  condensed,  and  by  its  pros-  ^'°'  ^^' 

sure  stopped  the  boiling.  On  the  other  hand,  in  a  Papin's  di- 
gester, which  is  a  tight  and  strong  kettle  with  a  safety  valve, 
water  may  be  raised  to  3  or  400°  without  ebullition :  but  the 
instant  that  this  great  pressure  is  removed,  the  boiling  com- 
mences with  prodigious  violence.  a^^^e 

The  facility  with  which  liquids  boil  under  reduced  pressure  is 
frequently  taken  advantage  of  in  the  arts,  in  concentrating  liquors 
which  would  be  injured  in  flavour  or  colour  by  the  heat  necessary 
to  boil  them  under  the  pressure  of  the  atmosphere.  Mr.  Howard 
applied  this  principle  in  concentrating  the  syrup  of  sugar,  which 
18  apt  to  be  browned  when  made  to  boil  under  the  usual  pressure. 
He  thus  boiled  syrup  at  150°,  applying  heat  to  it  in  a  pan  co- 
Tered  by  an  air-tight  lid,  and  pumping  off  the  air  and  steam  from  the  upper  part 

I  For  the  most  reeent  mhrnte  determinations  of  the  boiling  point  of  water,  under  varia- 
tions of  atmospheric  pressure,  see  the  memoir  of  M.  Regnault;  Ann.  de  Clilmie,  &c.,  8  stfrie, 
t.  xir.  p.  196.    A  simple  portable  apparatus  for  the  experiment  ia  also  described  there. 
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of  the  pan  by  means  of  a  Btcam-cngine.  This  was  the  most  essential  part 
patent  process,  by  which  nearly  the  whole  of  the  loaf  sugar  consumed  in  this  c 
has  been  manufactured  for  many  years. 

In  the  same  apparatus  vegetable  infusions  may  be  inspissated,  or  reduced  < 
state  of  extracts,  for  medical  purposes,  with  great  advantage.  When  an  ext 
prepared  in  the  ordinary  way,  by  boiling  down  an  infusion  or  expressed  juice 
open  vessel  under  atmospheric  pressure,  a  considerable  and  variable  proportion 
active  principle  is  always  destroyed  by  the  high  temperature  and  exposure 
air.  But  the  extract  is  not  injured  when  the  infusion  or  juice  is  evapora 
low  temperature,  and  without  access  of  air,  and  is  generally  found  to  be  a  more 
medicine. 

The  temperatures  at  which  different  liquids  are  converted  into  vapour  are 
ingly  various ;  but  other  things  remaining  the  same,  the  boiling  temperature 
stant  for  any  particular  liquid.     The  following  table  exhibits  the  boiling  poini 
lew  liquids,  in  which  that  point  has  been  determined  with  precision  :  — 

Boiling  point* ' 

Hydrochloric  ether 62* 

Ether 90         i 

Sulphuret  of  carbon 118 

Ammonia  (sp.  gr.  0-945) 140 

Alcohol 173 

Water 212 

Nitric  acid  (sp.  g.  1-42) 248 

Crystallized  chloride  of  calcium 802 

Oil  of  turpentine 814 

Naphtha 320 

Phosphorus 554 

Sulphuric  acid  (sp.  gr.  1-843) 620 

Whale  oil 630 

Mercury 662 

The  boiUng  point  of  water  is  uniformly  elevated  by  the  solution  of  salts 
fluid ;  but  much  more  so  by  some  salts  than  others.  Tables  have  been  congi 
of  the  boiling  points  of  saline  liquors,  which  are  of  useful  application  wh( 
wished  to  maintain  a  steady  temperature  somewhat  above  212^.  Thus,  wat< 
rated  with  common  salt  (100  water  to  30  salt),  boils  at  224° ;  saturated  with 
of  potash  (100  water  to  74  salt),  it  boils  at  238° ;  saturated  cold  with  chlo 
calcium,  at  264°. 

When  steam  from  water  is  confined,  it  increases  in  temperature,  and  a 
great  force ;  and  the  experiment  can  only  be  performed  with  safety  in  a  boil 
sesscd  of  a  safety-valve.     This  is  a  small  lid  in  the  upper  part  of  the  boiler,  p 
loaded,  according  to  the  force  of  the  steam  to  be  generated.     The  steam  of 
water  occasions  a  severe  scald,  if  allowed  to  condense  upon  the  bod}'.     Bt 
steam  from  water  under  pressure,  or  "high  pressure**  steam,  which  may 
much  higher  temperature  than  boiling  water,  issues  into  the  air,  the  hand 
directly  exposed  to  it  with  impunity ;  and  a  thermometer  placed  in  it  shows 
temperature  is  greatly  below  that  of  boiling  water.     This  singular  property 
jiressure  steam  is  connected  with  the  great  expansion  which  it  undergoes  on  € 
into  the  air  from  the  vessel  in  which  it  was  confined ;  elastic  bodies  bavin 
dcncy,  when  escaping  from  a  state  of  compression,  to  fly  asunder,  not  only 
original  dimensions,  but  beyond  them.     The  steam  is  greatly  expanded,  an* 
same  time  mixed  with  air,  which  prevents  it  from  afterwards  collapsing.    N< 
being  incorporated  with  several  times  its  bulk  of  air,  steam  is  not  easily  coi 
but  becomes  low-pressure  steam,  and  may  have  its  condensing  point  reduc 
above  212°  to  120°  or  130°.    Ilence  the  heat  which  it  is  capable  of  comoiui 
while  condensing  upon  the  hand  held  in  it,  is  of  much  less  intensity  than 
ordinary  steam,  and  inadequate  to  occasion  scalding. 
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Steam,  when  heated  by  itself,  apart  from  the  liquid  which  produced  it,  does  not 
possess  a  greater  elasticity  than  an  equal  bulk  of  air  confined  and  heated  to  the 
ftimo  degree,  and  may  be  heated  to  the  temperature  at  which  the  containing  vessel 
becomes  red  hot,  without  acquiring  great  elastic  force.  But  if  water  be  present, 
then  more  and  more  steam  continues  to  rise,  adding  its  elastic  force  to  that  of  the 
vapour  previously  existing,  so  that  the  pressure  becomes  excessive. 

The  elastic  force  of  steam  at  temperatures  above 
212^  b  determined  by  heating  water  in  a  stout  glo- 
bular vessel  containing  mercury,  m,  (see  fig.  23,) 
and  water,  tr,  and  having  a  long  glass  tube,  tt, 
screwed  into  it,  open  at  both  ends,  and  dipping  into 
the  mercury,  with  a  scale,  a,  divided  into  inches, 
applied  to  it.  The  globular  vessel  has  two  other 
openings,  into  one  of  which  a  stopcock,  6,  is  screwed, 
and  into  the  other  thermometer,  Z,  having  its  bulb 
within  the  globe.  The  water  is  boiled  in  this  ves- 
sel for  some  time,  with  the  stopcock  open  so  as  to 
expel  all  the  air.  On  shutting  the  stopcock,-  and 
continuing  the  heat,  the  temperature  of  the  inte- 
rior, as  indicated  by  the  thermometer,  now  rises 
above  212°,  at  which  it  was  stationary  while  the 
steam  generated  was  allowed  to  escape.  The  steam 
in  the  upper  part  of  the  globe  becomes  denser, 
more  and  more  steam  being  produced,  and  forces 
the  mercury  to  ascend  in  the  gauge  tube,  <,  to  a 
height  proportional  to  the  elastic  force  of  the  steam. 
The  height  of  the  mercurial  column  is  taken  to 
express  the  elastic  force  or  pressure  of  the  steam 
produced  at  any  particular  temperature  above  212°. 
The  weight  of  the  atmosphere  itself  is  equivalent 
to  a  column  of  mercury  of  30  inches,  and  this  pres- 
sure has  been  overcome  by  the  steam  at  212°, 
before  it  began  to  act  upon  the  mercurial  gauge. 
For  every  thirty  inches  that  the  mercury  is  forced 
up  in  the  gauge  tube  by  the  steam,  it  is  said  to 
have  the  pressure  or  elastic  force  of  another  atmo- 
sphere. Thus,  when  the  mercury  in  the  tube 
stands  at  thirty  inches,  the  steam  is  said  to  be  of 
two  atmospheres;  at  45  inches,  of  two  and  a  half 
atmospheres;  at  60  inches,  of  three  atmospheres, 
and  so  on. 

Experiments  have  been  made  on  the  elastic  force  of  steam  by  Professor  Robison, 
Mr.  Southern,  fir.  Watt,  and  others ;  but  all  preceding  results  have  been  superseded 
by  those  of  a  commission  of  the  French  Aciidemy,  consisting  of  MM.  Dulong  and 
Arago,  appointed  by  the  French  government  to  investigate  the  subject,  from  its 
importance  in  connexion  with  the  steam  engine  (Annalcs  dc  Chimie,  &c.  2  s^r. 
t.  xliii.  p.  74).  Their  results,  which  are  expressed  in  the  following  table, 
were  obtained  by  experiment,  up  to  a  pressure  of  25  atmospheres.  The  higher 
pressures  were  calculated  by  extending  the  progression  observed  at  lower  tcmpe- 
laturea:  — 
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Temp.  Fahr. 


Elasticity  of  Steam 

taking  Atmospheric 

Pressure  as  Unity. 


4 


Elasticity  of  Steam 
taking  Atmospheric 
Pressore  as  Unity. 

1  212.0  18 

1} 233.96  14 

2  250.62  16 

2} 263.84  16 

3 275.18  17 

8} 285.08  18 

4  293.72  19 

4} 300.28  20 

5  307.5  21 4t 

6} 314.24  22 4 

6  820.36  23 H 

6} 326.26  24 41 

7  331.20  25 41 

7i 336.50  80 I 

8  341.78  86 4! 

9  350.78  40 K 

10  358.28  46 4 

11  866.86  50 ft 

12  .,..  874.00 

m 

Some  curious*  experiments  were  made  by  M.  Cagniard  de  la  Tour  on  il 
from  various  liquids  at  very  high  temperatures,  and  under  great  pressu 
filled  a  small  glass  tube  in  part  with  ether,  alcohol,  or  water,  and  sealii 
metically.  The  tube  was  then  exposed  to  heat,  till  the  liquid  passed  eiili 
vapour.  Ether  became  gaseous  in  a  space  scarcely  double  its  volume  at  m 
ture  of  320°,  and  the  vapour  exerted  a  pressure  of  no  more  than  88"  atoi 
Alcohol  became  gaseous  in  a  space  about  thrice  its  volume  at  the  tempii 
404}°,  with  a  pressure  of  about  139  atmospheres.  Water  acted  chcmicaH 
glass,  and  broke  it ;  but  adding  a  little  carbonate  of  soda  to  it,  the  wata 
gaseous  in  a  space  four  times  its  volume  at  the  temperature  at  which  zino  i 
about  648°.  These  results  are  singular,  in  so  far  as  the  pressure  or  elastia 
the  vapours  proves  to  be  much  smaller  than  that  which  corresponds  with  I 
culated  density.  It  thus  appears  that  highly  compressed  vapours  lose  a  p 
their  elasticity,  or  yield  more  to  a  certain  pressure  than  air,  by  calculation,  % 

A  measure  is  obtained  of  the  quantity  of  latent  heat  in  steam  by  oham 
degree  to  which  it  heats  up  a  mass  of  water  when  condensed  in  it.  Cold 
easily  made  to  boil  bv  placing  the  open  end  of  a  pipe  from  a  steam-boiler  ] 
causing  the  steam  to  blow  through  it  for  a  sufficient  time.  If  a  measured 
of  water  at  82°,  amounting  to  11  cubic  inches,  is  heated  up  to  212°  in  this 
it  is  found  that  the  volume  is  increased  to  13  cubic  inches  by  the  condenii 
Consequently,  11  cubic  inches  of  water  are  heated  up  from  82°  to  21S 
hundred  and  eighty  degrees,  by  2  cubic  inches  of  water  in  the  form  of  steac 
if,  for  comparison,  2  cubic  inches  of  boiling  hot  water  be  substituted  for  il 
and  added  to  11  cubic  inches  of  cold  water,  the  temperature  of  the  latter 
no  more  than  about  twenty-eight  degrees.  In  both  experiments,  howeveri 
perature  of  the  steam,  and  of  the  boiling  water  added,  was  the  same,  or  2! 
difference  of  their  heating  effects  depends  entirely  upon  the  latent  heat  i 
former  possesses,  in  addition  to  its  sensible  temperature,  and  abandons  to 
water  on  condensing. 

In  the  condensing  experiment  2  cubic  inches  of  water  in  the  form  of  stei 
the  temperature  of  11  cubic  inches  of  water  one  hundred  and  eighty  degi 
of  steam  raised  the  temperature  of  5}  of  water  to  that  amount.  As  it  fol 
ODO  part  of  steam  would  heat  one  part  of  water,  5}  times  180,  or  090  d 
appears  that  steam  possesses  as  much  heat  latent  as  might  raise  its  own  ten 
to  that  amount  on  becoming  sensible. 

The  latest,  and  probably  most  exact,  determinations  which  we  possei 
lilMit  heat  <^  the  vapours  of  water,  and  other  liquids,  are  those  of  M. 
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BerJin,  {Poggendorff'B  Annalen,  \v.)     He  employed  the  npparatiu  reprewnted  in 

Fig.  24.      The  refrigentor;  to  oonlaia  tho  cold  coDdensing  water  consists  of  a 
^  cjlindrical  veaael,  A  C,  3  inches  in  diameter  nod  3  iachcs  deep.     The  steam  from 

K  giaall  retort  R  does  not  pssa  directly  into 

the  water  of  the  refiiKeRttory,  but  ia  con-  *^-  ^*- 

vejed  by  the  spout  M  into  an  inner  hollow 

cylinder  E  G,  of  a  ring-formed  basis,  which 

has  an  opening  into  ^o  atmosphere  by  the 

tabe  L,  by  which  the  air  it  contains  finds 

vent  on  the  irrival  of  the  vspour.     The 

condeosiog  water  is  aj^tnted  by  means  of  a 

thin  disc  oif  metal  B,  attached  to  a  vertical 

rod,  the  npper  end  of  which  passes  through 

the  cover  of  the  refrigeratory.     A  known 

quantity  of  cold  water  being  introduced  into 

this  refrigeratoty,  its  temperature  is  accu- 
rately olnerved  by  the  including  thermo- 
meter.    In  conducting  the  experiments  it 

was  arranged  that  the  tcmpcroture  of  the 

condensing  water  should  at  firat  be  a  few 

degrees  below  that  of  the  atmosphere,  and 

Tapoor  was  thrown  into  the  inner  receiver 

by  boiling  a  weighed  portion  of  liquid  in  R, 

till  the  temperature  of  tho  condensing  water 

rose  as  many  degrees  above  that  point.    The 

weight  of  li<]uid  distilled  is  then  found  by 

weighing  the  retort  R  with  what  remains  in 

it,  and  ascertaining  the  loss;  and  the  bteot 

beat  calculated  by  increasing  the  rive  of 

tcmperatore  observed  in  the  refrigeratory,  in  the ^--j. — o—  — 

the  condensing  water  in  the  rdrigeratory  exceeds  that  of  we  liquid  distilled  from 

the  retort. 

The  following  are  the  mean  results  which  M.  Brix  obtained  by  this  method, 

Kveral  experiments  being  mode  upon  each  liquid :-~ 

Equal  wdghts.  Iiatcnt  heat  of  vapour. 

Water 972    degrees. 

Aleohel 885.2       ■'  , 

Ether 162 

Oil  of  turpcDtiae 188.2      " 


proportion  as  the  weight  of 


Despretz,  who  at  an  earlier  period  had  also  made  very  careful  experimeDls  on 


Uespret 
ercTBi  of 


the  same  liquids,  gave  the  following  estimations  of  latent  heat:- 


'  Equal  wtighta. 

WatCT 

Alcohol 874.4 

Elhor , 174.3 

Oil  of  tnrpeatine 1SS.6 


Lateot  heat  of  vapour. 


Dulong  obtained  for  the  btent  heat  of  the  vapour  of  water  977.4  degrees. 

It  is  to  be  further  remarked,  that  equal  weights  of  these  liquids  yield  very  dit' 
ferent  volumes  of  vapour,  owing  to  the  different  specific  gravities  of  the  latter;  and 
the  densest  Tapoon  appear  to  have  generally  the  least  latent  heat.  According  to 
the  table  bf  M.  Brix,  the  latent  heat  of  the  vapour  of  water  is  972  degrees,  while 
that  of  the  vapour  of  alcohol  is  385  degrees  :  or  water-vapour  has  for  equal  weights 
about  2.5  timea  more  latent  heat  than  alcohol-vapour.  The  specific  gravity  of 
akoiuA-nfonr,  on  the  other  hand,  is  about  2.5  times  greater  than  that  of  water- 
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A'apour,  taking  the  former  at  1589.4,  and  the  latter  at  G22 ;  consequently,  eq 
volumes  of  these  two  vapours  possess  equal  quantities  of  latent  heat. 

If  the  latent  heat  of  different  vapours  be  proportional  to  their  volume,  as  tb 
numbers  seem  to  indicate,  the  same  bulk  of  vapour  will  be  produced  from 
liquids  with  the  same  expenditure  of  heat ;  and  hence  there  can  be  no  advant 
in  substituting  any  other  liquid  for  water,  as  a  source  of  vapour,  in  the  ste 
engine. 

The  latent  heat  of  the  vapour  of  water  itself  increases  with  its  rarity  at  low  fc 
peratures,  and  diminishes  with  its  increasing  density  at  high  temperatures.     Wi 
may  easily  be  made  to  boil  in  a  vacuum  at  the  temperature  of  100^,  but  the  sti 
produced  is  much  more  expanded  and  rare  than  that  produced  at  212^,  and  hi 
greater  latent  heat.     Hence  there  is  no  fuel  saved  by  distilling  in  vacuo.     It 
been  shown,  by  Mr.  Sharpe,  of  Manchester,  that  whatever  be  the  temperatun 
steam,  from  212°  upwardii*,  if  the  same  weight  of  it  be  condensed  by  water, 
temperature  of  the  water  will  always  be  raised  the  same  number  of  degrees ;  or 
latent  and  sensible  heat  of  steam,  added  together,  amount  to  a  constant  quant 
We  may  hence  deduce  a  simple  rule  for  ascertaining  the  latent  heat  of  steam  at 
particular  temperature.     The  sensible  heat  of  steam  at  212°  maybe  assumed  at ! 
degrees,  neglecting  the  heat  which  it  has  below  zero  Fahrenheit,  and  the  latent  1 
of  such  steam  is  972  degrees,  of  which  the  sum  is  1184  degrees.     To  calculate 
latent  heat  of  steam  at  any  particular  temperature  above  212°,  subtract  the  sens 
heat  from  this  constant  number  1184.     Thus  the  latent  heat  of  steam  at  300 
1184 — 300,  or  884  degrees.     The  same  relation  between  the  latent  and  sens 
heat  of  vapour  appears  to  exist  at  temperatures  below  212°,   and  the  lai 
heat  of  vapour,  below  that  temperature,  may  therefore  be  calculated  by  the  » 
rule.* 

Latent  heat  of 
Temperature.  Equal  Weights  of  Steam. 

0° 1184  degrees. 

82<> 1162 

100° 1084 

150° 1034 

2120 972 

250° 934 

The  latent  heat  of  other  vapours,  such  as  that  of  alcohol,  ether,  and  oil  of  tur| 
tine,  has  been  found  by  Despretz  to  vary  according  to  the  same  law. 

From  the  large  quantity  of  heat  which  steam  possesses,  and  the  facility  v 
which  it  imparts  it  to  bodies  colder  than  itself,  it  is  much  used  as  a  vehicle  for 
communication  of  heat.  The  temperature  of  bodies  heated  by  it  can  never  bo  rai 
above  212° ;  so  that  it  is  much  preferable  to  an  open  fire  for  heating  extracts  i 
organic  substances,  all  danger  of  empyreuma  being  avoided.  When  applied  to 
cooking  of  food,  the  steam  is  generally  conveyed  into  a  shallow  tin  box,  in  the  up 
surface  of  which  are  cut  several  round  apertures,  of  such  sizes  as  admit  exactly 
pans  with  the  materials  to  be  heated.  The  pans  are  thus  surrounded  by  ste; 
which  condenses  upon  them  with  great  rapidity,  till  their  temperature  rises  to  wit 
a  degree  or  two  of  212°.  For  some  purposes,  a  pan  containing  the  matters  tc 
heated  is  placed  within  another  and  similar  larger  one,  and  steam  admitted  betw 
the  two  vessels.  Manufactured  goods  also  are  often  dried  by  passing  them  o 
over  a  series  of  metallic  cylinders,  or  of  square  boxes  filled  with  steam.  Factoi 
are  now  very  generally  heated  by  steam,  conveyed  through  them  in  cast-iron  pij 
It  has  been  found  by  practice  that  the  boiler  to  produce  steam  for  this  purpose  m 
have  one  cubic  foot  of  capacity  for  every  2,000  cubic  feet  of  space  to  be  heated  i 
temperature  of  70°  or  80° ;  and  that  of  the  conducting  steam  pipe,  one  square  i 
of  surface  must  be  exposed  for  every  200  cubic  feet  of  space  to  be  heated. 

The  expansion  of  water  into  steam  is  used  as  a  moving  power  in  the  ste 
engine.     The  application  is  made  upon  two  different  principles,  both  of  which  u 

•  ISee  Supplement,  p.  643.] 


VAPO-RIZATIOS. 


71 


l>e  illustrated  by  tho  tittlo  iDstnimeDt  depicted  on  the  margin. 
It  consints  of  a  gbss  tube,  about  an  inch  in  diameter,  siigbtly 
expanded  iuto  a  bulbaua  form  at  oue  extremity,  and  open  at 
tbe  otber  (fig.  25) ;  a  piston  is  made,  by  twisting  tow  about 
tlicendof  a  piece  of  straight  wire,  which  must  be  fitted  tightly 
iu  the  tube  by  tho  use  of  grease.  Upon  heating  a  little  water 
in  tbe  bulb  below  piston  p,  steam  is  generated,  which  raises  ' 
the  piston  to  the  top  of  the  cylinder.  Here  the  simple  clastic 
form  of  the  steam  is  tbe  moving  power;  and  in  this  manner 
Btcam  ia  employed  in  the  high  pressure  engine.  Tbe  greater 
the  load  upon  the  piston,  and  the  more  the  eteam  is  confined, 
tbe  greater  does  its  clustic  force  become.  Again  :  the  piston 
bdug  at  the  top  of  the  cylinder,  if  we  condcuso  tbe  steam 
with  which  tho  cylinder  is  filled,  by  plunging  the  bulb  in 
cold  water,  a  vacuum  is  produced  below  the  piston,  which  is 

*  now  forced  down  to  the  bottom  of  the  cylinder  by  tbe  prcs- 
Eore  of  tbe  atmosphere.  In  this  second  part  of  the  experiment,  the  power  ia 
actpired  by  tbe  condensatiou  of  tho  stenra,  or  the  productinn  of  a  vacuum ;  and 
this  is  the  principle  of  the  common  condcni^iug  engine.  In  the  first  efficient  form 
of  the  condensing  engine  (that  of  Newcomen)  the  slcani  was  condensed  by  injecting 
a  little  cold  water  below  tbe  piston,  which  then  descended,  from  the  pressure  of  the 
atmosphere  upon  its  upper  surfaco,  exactly  as  in  the  instrument.  But  Mr.  Watt 
iulroduced  two  capital  improvements  into  the  construction  of  the  condensing  cn^nc; 
the  first  was,  the  admitting  steam,  instead  of  atmospheric  air,  to  press  down  the 
piston  through  the  vacuous  cylinder,  which  steam  itself  could  aflerwurds  be  coa- 
ilensed,  and  a  vacuum  produced  above  the  piston,  of  which  the  same  advantage 
might  be  taken  as  of  tbe  vacuum  below  the  piston.  The  second  was,  the  cficeting 
the  condensation  of  tbe  steam,  not  in  the  cylinder  itself,  which  was  thereby  greatly 
cooled,  and  occasioned  the  waste  of  much  steam  in  being  heated  again  at  every 
stroke;  but  In  a,  separate  air-light  chamber,  called  the  condenser,  which  kept  eool 
and  vacuous.  Into  this  condenser  the  steam  ia  allowed  to  escape  from  above  and 
from  below  the  piston  alternately,  and  a  vacuum  is  obtained  without  ever  rcdudng 
the  temperature  of  the  cylinder  below  212°. 

A  third  improvement  iu  the  employment  of  steam  aa  a  moving  power  consists  in 
using  it  eipansicfli/;  a  mode  of  application  which  will  be  best  understood  by  being 
explained  in  a  particular  case.     Let  it  be  supposed  that  a  piston,  loaded  with  one 

'  ton,  U  raised  four  feet  by  filling  the  cylinder  ia  which  it  moves  with  low-pressure 
steam,  or  steam  of  the  tension  of  one  atmosphere. 
An  equivalent  effect  may  be  produced  at  tbe  same  *"'"■  -'*• 

expense  of  steam,  by  filling  one-fourth  of  tho  cylin- 
der with  steam  of  the  tension  of  four  atmospheres, 
and  loading  the  piston  with  four  tons,  which  will 
be  raised  one  foot.     But  the  piston  being  raised  .i... 
one  foot  by  steam  of  four  atmospheres,  and  in  the 
position  represented  in  ig.  26,  the  supply  of  steam 
maj  be  cut  off,  and  the  piston  will  continue  to  bo  q__ 
elevated  in  tbe  cylinder  by  the  eimple  expansion 
of  the  steam  below  it,  although  with  a  diminishing 
force.     When  the  pistou  has  been  raised  another 
foot  io  the  cylinder,  or  two  feet  from  the  bottom,  "" 
the  volume  of  the  steam  will  be  doubled,  and  its 
tGDHOD  consequently  reduced  from  four  to  j,  or 
two  stmospherca.    At  a  height  of  three  feet  in  the  1~ 
cylindcr,  tba  piston  will  have  steam  below  it  of  tho 
tcQUOO  of  4  or  1^  atmosphere,  and  when  the  pis- 
ton u  eleratcd  four  feet,  or  reaches  the  top  of  the 
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cylinder,  the  tenBion  of  the  stcnm  below  it  will  eiill  he  },  or  one  atmosphere.    1 
pistoD  has,  therefore,  been  nused  to  a  height  of  three  feet,  vith  »  force  progressh 
dimiDishiDg  from  foar-KtmoepheroB  to  ^ 
'"■  ^-  or  with  an  average  force  of  two  atmosph* 

by  means  of  a  power  acqnired  without  t 
consumption  of  steam ;  but  hj  the  ezpant 
merclj  of  steam  that  had  already  produced 
usual  effect ' 

The  boiler  used  to  produce  the  steaa 

constructed  of  dtffbrout  forms.     The  cjlin 

boiler,  of  which  a  section  is  given  in  fig.  27, 

found  the  most  economical  for  the  great  Bt« 

engines  at  the  Comtsh  mines,  and  its  ni 

extending  in  other  quarters.     It  consisti 

two   cjhoders,   one   within  the  other, 

smaller  cylinder  containing  the  fire,  and 

~  space  between  the  two  cylinders  being  o 

oiiJ  by  the  water      The  outer  cylinder  may  bo  six  feet  in  diameter,  and  ia  o 

Ifty  or  sixty  feet  in  length      The  heated  oir  from  the  fire,  after  traversing 

inner  cylinder,  is  conducted  under  the  boilci 

''"■  28.  the  flues  o,  o,  before  it  is   conveyed  to 

chimney. 

In  the  locomotive  sl«am-engines,  where 

principal  object  is  to  generate  steam  in  a  s 

and  compact  apparatus  with  great  mpiditj 

difTcrcnt  construction  is  adopted.      Here 

boiler  consists  of  two  parts,  a  square  box  • 

a  double  casing  (of  which  a  section  or 

view  is   given   in  figure  2S),  which   coni 

the    fire  f,   surrounded    by   a    thin  shell 

water  in  the  space  e  t,  between  the  casi 

and  a  cvlindcr  a,  through  the  lower  par 

which  pass  a  number  of  copper  tubes- of  s 

size,  which  communicate  at  one  end  with 

fire-box,  and  at  the  other  with  the  chimney, 

form  a  passage  for  the  heated  air  from  tht 

to  the  chimney.     By  means  of  these  tubes, 

-  object  is  BceompUshed  of  cipoaing  to  a  so 

of  heat  the  greatest  possible  quantity  of  su; 

^.  ~-^  in  contact  with  the  water.     (See  Dr.  Lar 

^^bL—-J  1  on  the  Steam-Enginc :  Cabinet  Cycloptedia 

^r^^^  The  subject  of  distillation  is  a  natural  sc 

■  I        ^ ^     to  vaporization;  but  it  ia  unnecessary  to  i 

"  ^^,,,^  ^\    into  much  detail.     The  principal  point  t 

attended  to  is  the  most  efficient  mode  of 
i  dcnaing  the  vapour.  Figure  20  represent! 
ordinary  arrangement  in  distilling  a  liquid 
a  retort  o,  and  condensing  the  vapour  in  a  . 
flask  h,  which  is  kept  cool  by  crater  drop 
upon  it  from  a  funnel  above,  c.  The  condei 
flask  is  covered  by  bibulous  paper,  so  thn 
water  fklling  upon   it  may  be  made  to 

'  For  tbe  mntbematical  tlieorf  of  tbe  BtPam-engine,  kc  a  Memoir  on  the  Mottle  Paw 
n«Bt,  br  E.  Clapcjron,  Tnjlnr's  Scientific  M«muira,  vol,  i.  p.  Zil  -.  a  Memoir  on  tli« 
■ad  Elutleit;  of  Oucs  and  Vnpours,  by  C.  llollunnnti,  ibid.  lol.  iv.  p.  Ili9;  Experii 
Du  the  Eipaaaite  Force  of  iiteim,  by  I'rof.  G.  Mnpnus,  ibid,  p,  218  j  and  on  the  Force  r 
tit*  for  th«  Prodnetioti  of  Vapoun,  by  iLe  same,  ibid.  p.  235. 
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equally  over  its  surfisuse^  and  it  is  supported  in  a  basin  likewise  containing  cold 
water. 

But  a  much  superior  instrument  to  the  condensing  flask  is  the  condensing  tube 
of  Professor  Liebig  (fig.  80).     This  is  a  plain  glass  tube^  1 1,  about  thirty  inches  in 

Fig.  80. 


length,  and  one  inch  internal  diameter,  which  is  enclosed  in  a  larger  tube,  h,  of 
brass  or  tin-plate,  about  two  feet  long  and  two  inches  in  diameter,  the  ends  of 
which  are  closed  by  perforated  corks,  made  fast  by  a  mixture  of  white  and  red  lead 
with  a  drying  oil,  a  resinous  cement  being  useless  for  such  a  junction.  Or,  the 
lower  opening  may  be  contracted  by  a  collar  of  tin-plate,  not  much  wider  than  the 
glass  tube,  and  the  two  be  united  by  a  strong  ring  of  sheet  caoutchouc.  A  constant 
supply  of  cold  condensing  water  from  a  vessel  a  is  introduced  into  the  space  between 
the  two  tubes,  being  conveyed  to  the  lower  part  of  the  instrument  by  the  funnel 
and  tube  /,  and  flowing  out  from  the  upper  part  by  the  tube  j.  The  condensed 
liquid  drops  quite  cool  from  the  lower  extremity  of  the  glass  tube,  where  a  vessel 
e  is  placed  to  receive  it.  The  spiral  copper  tube  or  worm  which  is  used  for  conden- 
sing in  the  common  still  is  commonly  made  longer  than  is  necessary,  and,  from  its 
form,  cannot  be  examined  and  cleared  like  a  straight  tube.  Much  vapour  may  be 
condensed  by  a  small  extent  of  surface,  provided  it  is  kept  cold  by  an  ample  supply 
of  condensing  water. 

Both  the  outer  and  inner  tube 
^^^'  ^^*  may  be  of  glass  in  the  condensing 

apparatus  which  has  been  described, 
and  then  the  small  tubes  to  bring 
and  carry  off  the  condensing  water 
may  be  made  to  pass  through  open- 
ings in  the  corks,  which  they  fit,  as 
represented  in  figure  31. 


EVAPOEATION  IN  VACUO. 


Water  rises  rapidly  in  vapour  into  a  vacuous  space,  without  the  appearance  of 
ebullition,  at  all  temperatures,  even  at  32^,  and  greatly  lower.  Its  elastic  force  in- 
cn*asc8  as  the  temperature  is  elevated,  till  at  212®  it  is  equal  to  that  of  the  atmo- 
sphere, or  capable  of  supporting  a  column  of  mercury  thirty  inches  in  height. 


TAPORIZATION.  ? 

Yarious  other  solid  and  liquid  Bubstanccs  emit  yapo^ 
Eimilar  circumstances;  such  as  camphor,  alcoliol,  ctbcr,| 
oil  of  turpentine.  Such  bodies  are  said  to  be  volalile,i 
other  bodies,  such  as  marble,  the  metala,  &c.  which  doj 
erait  a  scusiblc  vapour  at  the  temperature  of  tbc  air,  are  j 
to  be  fixed.  All  bodies  which  boil  at  low  tcmperati| 
.  belong  to  the  volatile  class.  An  accurate  estimate  of  j 
J  volatility  of  different  bodies  is  obtained  hj  dctermiuing) 
elastic  force  of  tlic  vapour  nhich  they  cuiit  in  the  vao^l 
space  obovo  the  column  of  mercury  in  the  barometer.  , 
VfC  pass  up  a  bubble  of  air  into  the  vacuum  of  the  borof 
tcr,  above  the  mercurial  column,  standing  at  the  time  j 
height  of  30  inches,  the  mercury  is  depressed,  wo  may  | 
pose,  to  the  level  of  20  inches,  or  by  one  ineb.  This  wB 
indicate  that  the  air,  by  rising  above  the  mercury,  has  bl 
expanded  into  thirty  times  its  former  bulk,  or  that  ' 
elastic  force  of  this  rare  air  is  eijual  to  a  column  of  i 
inch  of  mercury.  The  elastic  force  of  vapour  is  estimi 
in  the  same  manner.  A  few  drops  of  the  liquid  open 
upon  are  passed  up  into  the  vacuum  above  the  meroJ 
column,  which  ia  depressed  in  proportion  to  the  elastic  fi 
of  the  vapour.  The  depression  produced  by  various  liqa 
b  very  different,  as  illusfmted  in  the  annexed  figure,  rq 
Renting  four  barometer  tubes,  in  which  the  mercury  is  ^ 
proper  height  in  iN'o.  1 ;  is  depressed  by  the  vapour| 
water  of  the  temperature  60°  in  No.  2 ;  and  by  alcohol  f 
ether  at  the  some  temperature  in  Nos.  3  and  4  respectively.  ,^ 

The  depression  of  the  mercurial  column  produced  by  water  at  every  dcgre^ 
temperature,  between  32°  and  212",  was  first  determined  by  Dr.  Dalton,  aftenni 
by  M.  Kacmlz,  ( Kaemti,  JUeteorology,  edited  by  C.  Walker,  p.  69),  and  again  qj 
recently  by  BI.  Regnault,  (Annales  de  Chimie,  3d  sCt,  t  xi,  p.  333;  and  t.  xt, 
139).  The  following  selected  observations  prove  that  the  elasticity  increases  i 
Teiy  rapid  mtc  with  the  temperature. 


TAPOUa  OF  WATEK  IN  VACUO  (^Regnaujt). 


CenUg, 

Fahr. 

Tension  in  MUUmeterg  and  EngUi 
inches  of  Mercury. 
MUUmeters.                    Engliah  Inchi 

..  -13- 

14- 

B« 

10- 

41- 

50- 

..,.  59-  

08-  

G534 0  2573 

9-166 oacos 

20- 

17-891 0CM7 

The  vapours  of  other  liquids  increase  in  dcn^ty  and  clos^c  force  with  tha 
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penturey  as  well  as  tbe  yapour  of  water ;  but  each  vapour  appears  to  follow  a  rate 
of  progression  peculiar  to  itself.' 

The  assumption  of  latent  heat  by  such  vapours  is  evinced  in  some  processes  for 
producing  cold.  Water  may  be  frozen  by  the  evaporation  of  ether  in  the  air-pump, 
and  a  cold  produced  of  55  degrees  under  the  zero  of  Fahrenheit  by  the  evaporation 
of  that  fluid.  The  ether  vapour  derives  its  store  of  latent  heat  from  the  remaining 
fluid  and  contiguous  bodies,  which  being  robbed  of  their  heat,  suffer  a  great  refri- 
geration. To  sustain  the  evaporation  of  this  fluid,  it  is  necessary  to  withdraw  the 
vapour  as  it  is  produced  by  continual  pumping.  The  volatile  liquid,  sulphuret  of 
carbon,  substituted  for  ether,  produces  even  greater  effects. 

On  tbe  same  principle  is  founded  Leslie's  elegant  process  for  the  freezing  of  water 
by  its  own  evaporation,  within  the  exhausted  receiver  of  an  air-pump,  the  evapora- 
tion being  kept  up  by  the  absorbent  power  of  sulphuric  acid.     (Supp.  Encycloped. 
Britty  Art.  Cold).     A  little  water  in  a  cup  of  porous  stone-ware  is  supported  over  a 
p     03  shallow  basin  containing  sulphuric  acid  (fig.  83).     All 

that  is  necessary  is  to  produce  a  good  exhaustion  at 
first :  the  processes  of  evaporation  and  absorption  then 
go  on  spontaneously,  in  an  uninterrupted  manner. 
Various  bodies,  which  have  a  powerful  attraction  for 
watery  vapour,  may  be  used  as  absorbents,  such  as 
parched  oatmeal,  the  powder  of  mouldenDg  whinstone, 
mod  even  dry  solo  leather,  by  means  of  any  one  of  which  a  small  quantity  of 
water  may  be  frozen,  during  summer,  in  the  exhausted  receiver  of  an  air-pump.  No 
substance,  however,  is  superior,  in  this  respect,  to  concentrated  sulphuric  acid.  When 
this  liquid  becomes  too  dilute  to  act  powerfully  as  an  absorbent,  it  may  be  rendered 
again  fit  for  use,  by  boiling  it  and  driving  off  the  water.  Ice  might  be  procured  in 
quantity,  in  a  warm  climate,  by  this  process.  The  necessary  vacuum  would  be  most 
easily  commanded,  on  the  large  scale,  by  allowing  the  receivers  to  communicate  with 
a  strong  drum,  filled  with  steam  which  could  be  condensed. 

In  the  Cryophorus  of  Dr.  AN'ollaston,  water  is  also  frozen  by  its  own  evaporation. 
This  instrument  consists  of  two  glass  bulbs,  connected  by  a  tube,  and  containing  a 

P      « .  portion  of  water,  as  represented  in 

^  '     '  the  figure.     The  air  is  first  entirely 

expelled  from  the  iostrumont  by 
boiling  the  water,  in  both  bulbs,  at 
the  same  time,  and  allowing  the 
steam  to  escape  by  a  small  opening 
at  the  extremity  of  the  little  projecting  tube  e.  While  the  instrument  is  entirely 
filled  with  steam,  the  point  of  e  is  fu.sed  by  the  blow-pipe  flame,  and  the  opening 
hermetically  closed.  In  experimenting  with  this  instrument,  the  water  is  all  poured 
into  one  bulb,  and  the  other,  or  empty  bulb,  placed  in  a  basin  containing  a  mixture 
of  ice  and  salt.  The  vapour  in  the  cooled  bulb  is  condensed,  but  its  place  is  sup- 
plied by  vapour  from  the  water  in  the  other  bulb.  A  rapid  evaporation  takes  place 
in  the  water  bulb,  and  condensation  in  the  empty  bulb,  till  the  water  in  the  former 
bulb  is  cooled  so  low  as  to  freeze.  The  instrument  derives  its  name  of  the  cryophorus 
or  frost-bearer,  from  this  transference  of  the  cold  of  the  bulb  in  the  freezing  mixture 
to  the  bulb  at  a  distance  from  it. 

The  question  arises,  do  those  bftdies  which  evaporate  at  a  moderate  temperature 
continue  to  evaporate  at  all  temperatures,  however  low.     The  opinion  has  prevailed, 

>  For  the  tension  of  the  vapour  of  mercury  at  diflFercnt  temperatures,  see  a  memoir  of  M. 
ATogadro,  Annales  de  Chimie^&o..  t  xUx.  p.  309.  For  other  vapours,  the  article  Dampf, 
m  the  Handworterbuch  der  Chemie,  &c.  of  Liebig,  Poggendorff,  and  Mohler;  and  the  mC 
moir  by  Mr.  Faraday,  On  the  LiquefacUon  and  Solidification  of  Bodies  gencralli  exietUK  aa 
Gaaea,  (Philoa.  Trans.  1846,  p.  155).  ©  /  b 


6  6 


76  VAPORIZATION. 

that  bodies  which  are  decidedly  vaporous  at  hich  temperatares,  such  as  sulphv 
acid  and  mercury,  never  cease  to  evolve  vapour,  however  far  their  temperature  ■ 
be  depressed,  although  the  quantity  emitted  becomes  less  and  less,  till  it  ceasQi 
bo  appreciable  by  our  senses.  Even  fixed  bodies,  such  as  metals,  rocks,  &«.,  hf 
been  suppa<^  to  allow  an  escape  of  their  substance  into  air  at  the  ordinary  tem| 
ftture ;  and  hence  the  atmosphere  has  been  supposed  to  contain  traces  of  the  yapoi 
of  all  the  bodies  with  which  it  is  in  contact  Certain  researches  of  Mr.  Fax^ 
published  in  the  Philosophical  Transactions  for  1826,  on  the  existence  of  a  limii 
vaporization,  establish  the  opposite  conclusion.  Mercury  was  found  to  yield  a  sn 
quantity  of  vapour  during  summer,  at  a  temperature  varying  from  60°  to  80°, ' 
in  winter  no  traco  of  vapour  could  be  detected.  Mr.  Faraday  has  proved  t 
several  chemical  agents,  which  may  be  volatized  by  a  heat  between  300°  and  40 
did  not  undergo  the  slightest  evaporation  when  kept  in  a  confined  space  with  wi 
during  four  years. 

Bodies,  therefore,  cease  all  at  once  to  emit  vapour,  at  some  particular  temperate 
In  mercury,  this  temperature  lies  between  40°  and  60°  Fahrenheit.  But  a  ] 
grcssive  and  endless  diminution  of  vaporizing  power  is  certainly  more  natural  t 
an  abrupt  cessation.  What  puts  a  stop  to  vaporization  ?  it  may  be  asked.  Liqn 
we  know,  have  a  certain  attraction  for  their  own  particles,  evinced  in  their  disposi 
to  collect  into  drops.  The  particles  of  solids  are  attracted  more  powerfully, 
cohere  strongly  together.  Mr.  Faraday  is  of  opinion,  that  when  the  vaporu 
power  becomes  weak,  at  low  temperatures,  it  may  be  overcome  and  negatived  c 
plctcly  by  thb  cohesive  attraction,  and  no  escape  of  particles  in  the  vaporous  i 
be  permitted. 

This  supposition  is  conformable  with  the  views  of  corpuscular  philosophy  w 
were  entertained  by  Laplace.     According  to  that  profound  philosopher,  the  fori] 
aggregation  which  a  body  affects  depends  upon  the  mutual  relation  of  three  foi 
1.  The  attraction  of  each  particle  for  the  other  particles  which  surround  it,  w 
induces  them  to  approach  as  near  as  possible  to  each  other.     2.  The  attractio: 
each  particle  for  the  heat  which  surrounds  the  other  particles  in  its  neighbour!] 
3.  The  repulsion  between  the  heat  which  surrounds  each  particle,  and  that  w 
surrounds  the  neighbouring  particles — a  force  which  tends  to  disunite  the  part 
of  bodies.    When  the  first  of  these  forces  prevails,  the  body  is  solid  -,  if  the  qua 
of  heat  augments,  the  second  force  becomes  dominant,  the  particles  then  i 
amonff  each  other  with  facility,  and  the  body  is  liquid.     While  this  is  the  case 
particles  are  still  retained  by  the  attraction  for  the  neighbouring  heat,  withii 
limits  of  the  space  which  the  body  formerly  occupied,  except  at  the  surface,  \^ 
the  heat  separates  them,  that  is  to  say,  occasions  evaporation,  till  the  influent 
some  pressure  prevents  the  separation  from  being  effected.   When  the  heat  incr 
to  such  a  degree  that  the  reciprocal  repulsive  force  prevails  over  the  attraction  c 
particles  for  one  another,  they  disperse  in  all  directions,  as  long  as  they  me 
obstacle,  and  the  body  assumes  the  gaseous  form.    Berzelius  adds  the  reflection, 
if,  in  that  gaseous  state  into  which  Cagnard  de  la  Tour  reduced  some  volatile  lie 
the  pressure  does  not  correspond  with  the  result  of  calculation,  that  difference 
depend  on  this :  that,  as  the  particles  have  not  an  opportunity  to  recede  mud 
two  first  forces  continue  always  to  act,  and  oppose  £he  tension  of  the  gas,  which 
not  establish  itself  in  all  its  power  unless  when  the  particles  are  so  distant 
each  other  as  to  be  out  of  the  sphere  of  the  influence  of  these  forces.     (Trai 
Chimie,  par  J.  J.  Berzelius,  t.  i.  p.  85). 
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removed  from  one  of  tlic  cylinders  <i,  which  is  called  the  generator,  a  charge  ii 
troduccd,  consisting  of  two  pounds  of  pulverulent  bicarbonate  of  soda  and  d 
pounds  of  water  at  the  temperature  of  90°.  After  stirring  these  well  together  i 
a  wooden  rod,  a  quantity  amounting  to  one  pound  three  ounces  of  undiluted  oi 
vitriol  is  added,  the  latter  being  contained  in  a  long  cylindrical  vessel  of  brass,  i 
ciently  narrow  to  enter  the  generator,  into  which  it  is  carefully  let  down  by  a  I 
without  spilling.  The  stopcock  being  now  applied  to  the  mouth  of  the  genen 
and  firmly  screwed  down  upon  it,  with  the  intervention  of  ^  a  leaden  washer, 
generator  is  turned  round  upon  its  supporting  pivots,  so  as  completely  to  invwl 
the  brass  measure  within  is  thus  canted  over,  and  the  acid  which  it  contained  mi 
with  the  solution  of  soda.  The  carbonic  acid  of  the  salt,  which  amounts  to  haK 
weight,  is  thus  disengaged,  and  accumulates  with  great  clastic  force  in  the  va 
part  of  the  generator.  The  charge  of  gas  is  then  transferred  to  the  other  I 
cylinder,  which  is  used  as- a  receiver,  by  attaching  it  to  the  generator  by  the' 
necting  tube,  and  after  the  lapse  of  five  minutes,  opening  the  stopcocks  of  both, 
is  advisable  to  have  a  woollen  case,  or  bag  about  the  receiver,  to  hold  fragment 
ice  for  cooling  it.  The  cylinders  may  again  be  separated,  after  shutting  the  i 
cocks,  and  the  same  operations  repeated.  After  two  or  three  charges  of  gii 
conveyed  into  the  receiver,  the  pressure  of  the  latter  becomes  sufficient  to  lid 
the  gas ;  and  after  five  or  six  charges  the  receiver  may  contain  several  pints  of  lii 
carbonic  acid.  The  receiver  being  finally  detached  is  set  aside,  and  the  liqo! 
contains  preserved  for  use. 

When  this  highly  volatile  liquid  is  allowed  to  escape  into  air  it  evaporati 
readily  that  one  portion  is  instantly  resolved  into  gas,  and  another  portion  is  o^ 
80  low  by  the  heat  thus  abstracted  as  to  freeze.  From  the  stopcock  of  the  reed 
a  small  tube,  shown  in  the  figure,  descends  to  near  the  bottom  and  dips  into 
liquid ;  so  that  upon  opening  the  former  it  is  the  liquid,  and  not  gaseous  cait 
acid,  which  escapes.  A  nozzle,  bein^  applied  to  the  receiver,  the  stream  of  H 
is  directed  into  a  small  cylindrical  box  of  thin  copper,  with  hollow  wooden 
dies,  which  is  soon  filled  with  solid  carbonic  acid,  in  the  form  of  a  white  subst 
like  snow,  or  more  closely  resembling  anhydrous  phosphoric  acid,  from  its  op 
and  entire  want  of  crystallization. 

Solid  carbonic  acid  is  a  very  bad  conductor  of  heat,  and  may,  therefore,  be  hai 
without  injury,  although  its  temperature  is  supposed  to  be  so  low  as  — 100*^  ( 
— 148°  Fahr. ;  and  also  preserved  in  the  air  for  hours,  if  a  considerable  mass 
in  a  glass  vessel  be  placed  within  another  similar  and  larger  glass  vessel,  witl 
non-conducting  material  between  them.     When  applied  to  produce  cold,  in 
to  give  it  contact  the  solid  carbonic  acid  is  mixed  with,  a  little  ether,  with  wh 
unites  and  forms  a  soft  semifluid  mass  like  half  melted  snow,  capable  of  abstn 
heat  and  evaporating  rapidly,  by  means  of  which  mercury  can  be  frozen  in 
quantities,  and  an  alcohol  thermometer  sunk  in  the  open  air  so  low  as  — 
(Thilorier).     The  apparatus  of  Thilorier  forms  thus  an  invaluable  cold-prod 
machine. 

jMr.  Faraday  has  since  produced  a  still  lower  degree  of  cold  by  placing  a 
of  Thilorier's  mixture  of  solid  carbonic  acid  and  ether  in  the  receiver  of  a 
pump,  from  which  the  air  and  gaseous  carbonic  acid  were  rapidly  removed, 
bath  consisted  of  an  earthenware  dish  of  the  capacity  of  four  cubic  inches  or 
which  was  fitted  into  a  similar  dish  somewhat  larger,  with  three  or  four  folds 
flannel  intervening ;  with  the  mixture  in  the  inner  dish  such  a  bath  lasted  for  i 
or  thirty  minutes,  retaining  solid  carbonic  acid  the  whole  time.  An  alcohol  tl 
meter  placed  in  the  bath,  merely  covered  with  paper,  fell  to  — 106°;  and 
air-pump  receiver,  exhausted  to  within  1-2  inch  mercury  of  a  vacuum,  the  tl 
meter  fell  to  — 166° ;  or  a  cold  of  60  degrees  additional  was  produced  by  p 
ing  the  evaporation  in  this  manner.     At  this  low  temperature  the  solid  ct 
acid  mixed  with  ether,  was  not  more  volatile  than  water  at  the  temperature  < 
or  alcohol  at  ordinary  temperatures. 
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By  combining  this  extreme  cooling  power  with  the  effect  of  mechanical  pressure 
upon  gases,  several  most  interesting  results  were  obtained.  To  i)ru{luec  the  pres- 
sure, Mr.  Faraday  employed  two  condensing  syringes,  fixed  to  a  tabic,  the  first 
having  a  piston  of  an  inch  in  diameter,  and  the  second  a  piston  of  only  half  an  inch 
in  diameter ;  and  these  were  so  associated  by  a  connectiug  pipe,  that  the  fu*st  pump 
forced  the  gas  into  and  through  the  valves  of  the  second,  and  then  the  second  could 
be  employed  to  throw  forward  this  gas,  already  condensed  to  ten  or  twenty  atmo- 
spheres, into  its  final  recipient,  the  condensing  tube,  at  a  much  higher  pressure. 

The  condensing  tubes  were  of  green  bottle-glass,  being  from  ^th  to  Jth 
of  an  inch  external  diameter,  and  from  ^'.^^^  to  Jgth  of  an  inch  in  thick-  ^'o-  ^7- 
oess.  They  were  of  two  kinds,  about  nine  and  eleven  inches  in  length : 
one,  in  form  of  ah  inverted  syphon  (fig.  37),  could  have  the  bend  cooled 
by  immersion  into  a  cold  bath,  and  the  other,  horizontal  (fig.  38),  having 
a  curve  downward  near 

one  end  to  be  cooled  in  ^*°*  ^^' 

the  same-manner.  Into 
the  longest  leg  of  the  ^i 
syphon- tuhe,  and  the 
straight  p^  of  the  ho- 
rizontal tube,  minute  pressure  gauges  were  introduced  when  required. 
The  caps,  stopcocks,  and  connectors,  were  attached  to  the  tubes  by  com- 
mon cement,*  and  the  screw  joints  made  tight  by  leaden  washers. 

With  the  apparatus  described,  olefiant  gas,  which  had  not  previously 
been  liquefied,  was  condensed  into  a  colourless  transparent  fluid,  but  did  not  become 
solid  at  the  lowest  temperature.  The  tension  of  its  vapour  was  4*6  atmospheres  at 
— 105°,  and  26*9  atmospheres  at  0°  Fahr. ;  but  Mr.  Faraday  is  doubtful  whether 
the  condensed  fluid  can  be  considered  as  one  uniform  body.  Hydriodic  acid  gas, 
which  is  easily  liquefied,  having  a  tension  of  2*9  atmospheres  only  at  0°  Fahr.,  was 
found  to  freeze  at  — 60°,  and  to  form  a  clear,  colourless  solid,  resembling  ice.  Hy- 
drobromic  acid  became  a  solid  crystalline  body  at  — J24°.  Fluosilicic  acid  gas 
liquefied  under  a  pressure  of  about  9  atmospheres,  at  about  160°  below  zero,  and 
was  then  clear,  transparent,  colourless,  and  very  fluid,  like  hot  ether ;  it  did  not 
freeze  at  any  temperature  to  which  it  could  be  submitted  /  it  has  since  been  solidi- 
fied by  ^l.  Natterer.  The  results  obtained  with  fluoboric  acid  were  similar.  Phos- 
phuretted  hydrogen,  subjected  to  high  pressure,  was  condensed  into  a  colourless 
liquid  by  the  most  intense  degree  of  cold  attainable,  but  was  not  solidified  by  any 
temperature  applied. 

Of  gaseous  bodies  previously  condensed,  hydrochloric  acid  did  not  freeze  at 
the  lowest  attainable  temperature;  the  tension  of  its  vapour  was  1*8  atmospheres  at 
—100°,  1504  atmospheres  at  0°,  26-20  atmospheres  at  32°,  and  30-67  atmospheres 
at  40°.  Sulphurous  acid  became  a  crystalline,  transparent,  and  cglourless  solid 
body  at  — 105° ;  the  pressure  of  the  vapour  of  liquid  sulphurous  was  0-726  atmo- 
spheres at  0°  Fahr.,  1-53  atmospheres  at  32®,  2  atmospheres  at  46° -5,  3  atmo- 
spheres at  68°,  4  atmospheres  at  85®,  5  atmospheres  at  98°,  and  6  atmospheres 
at  110°. 

Sulphuretted  hydrogen  solidified  at  — 122°,  forming  a  white  crystalline  trans- 
lucent substance,  mol-e  like  nitrate  of  ammonia  solidified  from  the  melted  state,  or 
camphor,  than  ice.  The  pressure  of  the  vapour  from  the  solid  is  not  more,  pro- 
bably, than  0-8  of  an  atmosphere,  so  that  the  liquid  allowed  to  evaporate  in  the  air 
would  not  solidify  as  carbonic  acid  does.  The  tension  of  sulphuretted  hydrogen 
vapour  was  1-02  atmosphere  at  — 100°,  2  atmospheres  at  — 58°,  6*1  'atmospheres 
it  0°,  9-94  atmospheres  at  30°,  and  14*6  atmospheres  at  52°,  which  form  a  pro- 
gression considerably  di£ferent  from  that  of  water  or  carbonic  acid. 

— TIB,  _  ,  ■  _  j_     _  J   I   ni  -^-        - — 

'  Five  pnrts  of  resin,  one  part  of  yellow  bees'-waz,  and  one  part  of  red  ochre,  by  weigb^ 
Melted  together. 
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Mr.  Faraday  observed,  that  vfhen  carbonic  acid  is  melted  and  resolidified  hyi 
bath  of  low  temperature,  it  appears  as  a  clear  transparent  crystalline  colourless  boq| 
like  ice.  It  melts  at  — 70®  or  — 72°,  and  the  solid  carbonic  acid  is  heavier  thi| 
the  liquid  bathing  it.  The  solid  or  liquid  carbonic  acid,  at  this  temperature,  hasl 
pressure  of  5*33  atmospheres.  Hence  the  facility  with  which  liquid  carbonic  acid 
when  allowed  to  escape  into  air,  exerting  only  a  pressure  of  one  atmosphere,  frcea^ 
a  part  of  itself  by  the  evaporation  of  another  part.  The  following  are  the  pressun 
of  the  vapours  of  carbonic  acid  which  Mr.  Faraday  has  obtained :  —  *! 


CARBONIC  ACID  VAPOUR. 


Temp.  Fahr. 


Tension  in 
*      Atmospheres. 

—111° 114 

—107  1-86 

—  95  2-28 

—  83  8-60 

—  75  4-60 

—  56  6-97 

—  84  12-50 

—  23  15-46 


Temp.  Fahr.  Tension  in  t 

Atmospherafl 

—16° 17-80 

—  4  21-48 

0  22-84 

5  24-76 

10  26-82 

16  2909 

23   83-15 

82  88-50 


Nitrous  oxide  was  obtained  solid,  as  a  beautiful  clear  crystalline  colourless  boc 
by  a  temperature  estimated  at  about  — 150^,  when  the  pressure  of  its  vapour  ^ 
less  than  one  atmosphere.     Mr.  Faraday  believes  that  liquid  nitrous  oxide  may 
used  instead  of  carbonic  acid,  to  produce  degrees  of  cold  far  below  those  which 
latter  body  can  supply.     This  idea  was  verified  by  M.  Natterer,  who  has  liquci 
nitrous  oxide,  and  several  other  gases,  by  mechanical  compression.     He  found  t 
liquid  nitrous  oxide  may  bo  mixed  with  sulphuret  of  carbon  in  all  proportions, 
on  placing  a  mixture  of  these  two  liquids  under  the  receiver  of  an  air-pump,  he 
an  alcohol  thermometer  fall  to  — 140^  C,  or  — 220°  Fahr. ;  at  this  extremely 
temperature  neither  chlorine  nor  the  sulphuret  of  carbon  lost  its  fluidity.     He 
succeeded  in  freezing  liquid  fluosilicic  acid  by  the  same  means  (Poggcndorff 's 
nalen,  t.  xii.  p.  132  :  and  Liebig's  Annalen,  t.  liv.  p.  254).     The  tension  of 
vapour  was  observed  by  Faraday  to  be,  atmosphere  at  — 126®,  19*34  atmosphen 
0"",  and  33-4  atmospheres  at  35®. 

Liquid  cyanogen,  when  cooled,  becomes  a  transparent  crystalline  solid)  as  E 
and  Bunsen  had  previously  observed,*  which  liquefies  at  — 30®.  The  tension  c 
vapour  was  1-25  atmospheres  at  0®,  2-37  atmospheres  at  32®,  and  6*9  atmospl 
at  63®. 

Ammonia  formed  a  white,  translucent,  crystalline  solid,  melting  at  — 103®. 
density  of  the  liquid  was  0-731  at  60® ;  its  tension  2*48  atmospheres  at  0®, 
atmospheres  at  32®,  and  6.9  atmospheres  at  60®. 

Arsenictted  hydrogen,  which  was  liquefied  by  Dumas  and  Soubciran,  di' 
solidify  at  -=-166®.  The  tension  of  its  vapour  was  0-94  atmospheres  at  - 
5*21  atmospheres  at  0®,  895  atmospheres  at  32®,  and  13*19  atmospheres  at  6 

The  following  gases  showed  no  signs  of  liquefaction  when  cooled  by  the  ca 
acid  bath  in  vacuo,  at  the  pressure  expressed : — 

Atmospheres. 

Hydrogen  at « 27 

Oxygon 58-6 

Kitrogen 50 

Nitric  oxide 50 

Carbonic  oxide 40 

Coal  gas 82 

Several  gases  were  submitted  by  M.  G.  Aim6  to  still  higher  pressures,  rij 
nitrogen  and  hydrogen  gases  to  220  atmospheres,  by  immersion  in  the  depthi 


1  For  Bunsen's  results  on  the  liquefaction  of  several  of  the  gases,  see  Bibliothbqne 
■elle,  1839,  t  xxxil.  p.  185. 
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sea,  where  the  results  under  pressure  could  not  be  observed  (Annales  de  Cbimie, 
&0.  1843,  3d  ser.  t  viii.  p.  275).  Most  of  them  were  diminished  in  bulk  in  a  ratio 
greatly  exceeding  the  pressure ;  but  this  has  been  shown  to  be  often  the  case  whilst 
the  substance  retains  the  gaseous  form.  No  sufficient  evidence  of  the  liquefaction 
of  any  of  the  gases  just  enumerated  has  yet  been  produced.  The  same  may  be  said 
of  light  carburetted  hydrogen.  At  the  lowest  temperatures  attainable,  alcohol,  ether, 
Bulphoret  of  carbon,  chloride  of  phosphorus,  and  chlorine,  also  retained  the  liquid 
form. 

Sir  H.  Davy  threw  out  the  idea  that  the  prodigious  elastic  force  of  the  liquid 
gases  might  be  used  as  a  moving  power.  But  supposing  the  application  practicable, 
it  may  be  doubted,  from  what  we  know  of  the  constancy  of  the  united  sum  of  the 
latent  and  sensible  heat  of  high  pressure  steam,  whether  any  saving  of  heat  would 
be  effected  by  such  an  application  of  the  vapours  of  these  fluids. 

All  gases  whatever  are  absorbed  and  condensed  by.  water  in  a  greater  or  less 
degree,  in  which  case  they  certainly  assume  the  liquid  form.  The  quantity  con- 
densed is  widely  different  in  the  different  gases ;  and  in  the  same  gas  the  quantity 
condensed  depends  upon  the  pressure  to  which  the  gas  is  subject,  and  the  tempera- 
ture of  the  absorbing  water.  Dr.  Henry  proved  that  with  carbonic  acid  gas  the 
volume  absorbed  by  water  is  the  same,  whatever  be  the  pressure  to  which  the  gas  is 
subject.  Hence,  we  double  the  weight  or  quantity  of  gas  absorbed,  by  subjecting 
it,  in  contact  with  water,  to  the  pressure  of  two  atmospheres ;  and  this  practice  is 
adopted  in  impregnating  water  with  carbonic  acid,  to  make  soda-water.  The  colder 
the  water,  the  greater  also  the  quantity  of  gas  absorbed. 

In  the  physical  theory  of  gases,  they  are  assumed  to  be  expansible  to  an  indefinite 
extent,  in  the  proportion  that  pressure  upon  them  is  diminished,  and  to  be  con- 
tractible  under  increased  pressure  exactly  in  proportion  to  the  compressing  force  — 
the  well-known  law  of  5lariotte.  The  bulk  of  atmospheric  air  has  been  found 
rigidly  to  correspond  with  this  law,  when  it  was  expanded  to  300  volumes,  and  also 
when  compressed  into  l-25th  of  its  primary  volume.  But  there  is  reason  to  doubt 
whether  the  law  holds  with  absolute  accuracy,  in  the  case  of  a  gas  either  in  a  state 
of  extreme  rarefaction,  or  of  the  greatest  density.  Thus  atmospheric  air  does  not 
appear  to  be  indefinitely  expansible,  as  the  law  of  Mariotte  would  require ;  for  there 
is  certainly  a  limit  to  the  earth's  gaseous  atmosphere,  and  it  docs  not  expand  into  all 
tfpsuse.  Dr.  Wollaston  supposed  that  the  material  particles  of  air  are  not  indefinitely 
minute,  but  have  a  certain  magnitude  and  weight.  These  particles  are  under  the 
influence  of  a  powerful  mutual  repulsion,  as  is  always  the  case  in  gaseous  bodies, 
and,  therefore,  tend  to  separate  from  each  other;  but  as  this  repulsive  force  dimi- 
nishes as  the  distance  of  the  particles  from  each  other  increases,  Dr.t  Wollaston 
imagined  that  the  weight  of  the  individual  particles  might  come  at  last  to  balance 
it,  and  thus  prevent  their  further  divergence.  On  this  view,  which  is  probable  on 
other  grounds,  the  expansion  of  a  gas,  caused  by  the  removal  of  pressure,  will  cease 
at  a  particular  point  of  rarefaction,  and  the  gas  not  expanding  farther,  will  come  to 
have  an  upper  surface,  like  a  liquid.  The  earth's  atmosphere  has  probably  an  exact 
Hmit,  and  true  surface. 

The  deviation  from  the  law  of  Mariotte,  in  gases  under  a  greater  pre^ure  than 
that  of  the  atmosphere,  has  been  distinctly  observed  in  the  more  liqucfiable  gases. 
Thus,  Professor  Oersted,  of  Copenhagen,  found  that  sulphurous  acid  gas  diminishes, 
under  increased  pressure,  more  rapidly  than  common  air.  The  volumes  of  atmo- 
apheric  air  and  of  the  gas  were  equal  at  the  following  pressures : — 

Pressure  upon  air  in  Pressure  upon  sulphurouB 

atmospheres.  gas  in  atmospheres. 

1         1 

M76 1.173 

2,821 2.782 

3.819 8.189 
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It  will  be  observed  that  less  pressure  always  suffices  to  reduce  the  sulpburoui 
gas  to  the  same  bulk  than  is  required  by  air.  If  the  pressure  upon  the  air  an 
were  made  equal,  then  the  gas  would  be  compressed  into  Icj^s  bulk  than  the  aii 
deviate  from  the  law  of  3Iariotte.  Despretz  observed  an  equally  conspicuous  i 
tion  from  this  law  under  increasing  pressures,  in  several  other  gases,  partici 
sulphuretted  hydrogen,  cyanogen,  and  ammonia,  which  are  all  easily  liqu 
There  is  no  reason,  however,  to  suppose  that  any  partial  liquefaction  of  the 
occurs  under  the  pressure  applied  to  them  in  such  experiments.  They  n 
entirely  gaseous,  and  their  superior  compressibility  must  be  referred  to  a  It 
their  constitution.  It  is  the  phenomenon  beginning  to  show  itself  in  a  gas  i 
moderate  pressure,  which  was  observed  in  all  its  excess  by  Caguard  de  la  To 
the  vapours  confined  by  him  under  great  pressure  (page  68). 

Those  gases  which  exhibit  this  deviation  must  occupy  less  bulk  than  they  < 
to  do  under  the  pressure  of  the  atmosphere  itself;  which  may  be  the  reason 
the  liqucfiable  gases  are  generally  found  by  experiment  specifically  heavier  than 
ought  by  theory  to  be. 

M.  Ilegnault  accordingly  finds,  that  at  the  temperature  of  32*^,  and  under 
feeble  pressures  than  that  of  the  atmosphere,  carbonic  acid  deviates  from  the  h 
Mariottc  in  a  marked  manner;  while  it  appears  to  follow  that  law  when  hea; 
212®  under  more  feeble  pressures  than  that  of  the  atmosphere. 

The  density  of  carbonic  acid  at  33°  (air  =  1000)  was  : — 

Under  tho  pressure  of  700  millimeters  (80  inches)..  1520.10 

874.18 1628.06 

224.17 1521.4G 

The  density  of  the  gas  at  212°  (that  of  air  at  the  same  temperature  being  ] 
was: — 

Under  the  pressure  of  700  millimeters  (30  inches)..  1524.18 

388.39 1524.10 

The  theoretical  density  of  carbonic  acid,  calculated  in  a  manner  which  shi 
afterwards  explained,  and  taking  for  the  atomic  weight  of  carbon  the  uumbei 
1520.24 ;  to  which  the  numbers  for  the  density  of  the  gas  under  greatly  re 
pressures  appear  to  be  couverging.  M.  Ilegnault  verified  at  the  same  tim 
exactness  of  the  law  of  Mariottc  for  atmospheric  air.  (Annales  de  Ch.,  xiv. 
and  234). 

Such  are  the  most  remarkable  features  which  gases  exhibit  in  relation  to  pn 
and  temperature.  These  properties  are  independent  of  the  specific  weights  c 
gases,  which  arc  very  different  in  the  various  members  of  tho  class,  and  th< 
but  little  connected  with  the  nature  of  the  particular  substance  or  material  ^ 
exists  in  the  gaseous  form.  But  when  gases  differing  in  composition  are  preg 
to  each  other,  a  new  property  of  the  gaseous  state  is  developed,  namely,  the  fo 
disposition  of  dissimilar  gases  to  intermix,  or  to  diffuse  themselves  through 
other.  This  is  a  propert}-  which  interferes  in  a  great  variety  of  phenomena,  a 
no  less  characteristic  of  the  gaseous  state  than  any  we  have  considered.  It  aj: 
in  the  spfiiitancous  diffusion  of  gases  through  each  other,  and  in  the  diffusi 
vapours  into  gases,  or  the  ascent  of  vapours  from  volatile  bodies  into  air  and 
gases,  of  which  the  spontaneous  evaporation  of  water  into  the  air  is  an  insi 
Kelated  closely  to  this  subject,  and  preliminary  to  its  consideration,  is  the  pi 
of  different  gases  into  a  vacuum,  through  a  small  aperture,  which  takes  place 
different  degrees  of  facility;  with  their  rates  of  transmission  by  capillary  1 
The  whole  may  be  briefly  treated  under  the  heads  of,  (1)  Effusion  of  gases 
pouring  out),  by  which  I  express  their  passage  into  a  vacuum  by  a  small  a|>ert« 
a  thin  plate ;  (2)  Transpiration  of  gases,  or  their  passage  through  tubes  of  finf 
of  ||;rcater  or  less  length ;  (3)  The  diffusion  of  gases ;  and  (4)  Evaporation  in 
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Tlio  specific  weights,  or  weights  of  an  equal  measure,  of  the  different  gases  vary 
cxccediogly.  The  nutuhers  representing  these  weights  are  always  referred  to  the 
weight  of  a  gas,  generally  air,  as  1  or  1000,  instead  of  water,  which  is  the  standard 
comparison  for  liquids  and  solids.  The  operation  of  taking  the  specific  gravity  of  a 
g«s  is  simple  in  principle,  hut  the  accurate  execution  of  it  is  attended  with  great  prac- 
^cal  difficulties.  A  light  glass  globe  g  (fig.  39) 
from  50  to  100  cubic  inches  in  capacity,  is  weighed 
full  of  air,  then  exhausted  by  an  air-pump  and 
weighed  empty,  the  loss  being  taken  as  the  weight 
of  its  Yolume  of  air.  It  is  then,  in  its  exhausted 
state,  united  with  a  bell-jar  c,  containing  the  gas 
to  be  weighed  and  standing  over  a  mercurial 
trough,  by  a  union  screw  between  the  stopcocks  d 
and  e  of  the  two  vessels;  and  filled  with  the  gas, 
which  ru5ihes  from  the  jar  to  the  vacuous  globe  on  | 
opening  both  stopcocks.  A  supply  of  gas  is  con- 
veyed to  the  jar  by  the  bent  tube  h,  after  being 
deprived  of  moisture  by  passing  through  a  drying 
tube  fl,  containing  fragments  of  chloride  of  calcium. 
The  globe  is  again  weighed  when  full  of  gas  of  the  atmospheric  pressure  and  tem- 
perature, and  the  weight  of  a  volume  of  the  gas  obtained  by  deducting  the  weight 
of  the  vacuous  globe.  The  specific  gravity  is  then  calculated  by  the  proportion,  as 
the  weight  of  air  first  found,  to  the  weight  of  gas,  so  1.000  (density  of  air),  to  a 
number  which  expresses  the  density  of  the  gas  required.  MM.  Dumas  and  Bous- 
singault,  in  their  late  careful  observations  of  the  density  of  oxygen,  nitrogen,  and 
hydrogen,  employed  a  capacious  glass  globe,  of  which  the  cubic  contents  were  fii-st 
asccrtiiincd  by  measuring  in  an  accurate  manner  the  volume  of  water  required  to  fill 
it  (Annalcs  de  Chimie,  3d  S45r.  viii.  201).  In  the  refined  experiments  of  M.  Regnault, 
lately  published,  a  light  glass  balloon  of  about  ten  litres  or  616  cubic  inches  in 
capacity,  was  employed  as  the  weighing  globe.  It  was  counterpoised,  when  weighed, 
by  a  similar  globe  formed  of  the  same  glass )  by  which  arrangement  numerous  and 
somewhat  uncertain  corrections  for  variations  in  the  density,  temperature,  and  hygro- 
metric  state  of  the  air,  during  the  continuance  of^n  experiment,  the  film  of  moisture 
which  adheres  to  glass,  and  the  displacemelit  of  air  by  the  solid  materials  of  the 
balloon,  were  entirely  avoided.     (Ibid.,  1845,  3d  s(^r.  t.  iv.  211). 

The  following  tables  exhibit  the  specific  gravity  of  those  gases  to  which  reference 
will  most  frequently  be  made,  air  being  taken  as  the  standard  of  comparison  in  the 
first  table,  and  oxygen  in  the  second.  To  each  specific  gravity  is  added,  in  a  second 
column,  the  square  root  of  the  number,  and  in  a  third  column  1  divided  by  the 
equare  root^  or  the  reciprocal  of  the  square  root. 

TABLE  I.   DENSITY  OF  OASES,  AIR=1. 


Nitrogen 

Oxygen  

Hydrogen 

Carbonic  ncid 

Carbonic  oxide 

Light  ctrburetted  hjrdrogen 

Olefiant  gns 

Nitruttii  oxide 

Nitric  oxide 

Sulphuretted  hydrogen 

Chlorine 


DENSITY. 


0-97137 

1-I0o63 

00C926 

1-52901 

0-9712 

0-5549 

0-9712 

1-6261 

1-0406 

11793 

2-4573 


SQUARE  BOOT 

OF 

DKNSITT. 


0-9856 
10516 
0-2632 
1-2865 
1-9855 
0-7449 
0-9855 
1-2358 
1-0205 
1-0860 
1-5076 


SQUARE  ROOT. 


10147 

0-9510 
8-7994 
0-8087 
10147 
1-8424 
1-0147 
0-8095 
0-9799 
0-9208 
0-6379 


AUTHO- 
RITY. 


Regnault. 


it 


<( 


Calculated. 


<t 
«< 

(< 
«( 
•t 
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TABLE  II.      DENSITY  OF  GASES,   OXYGEN  =  1. 


OA8E8. 

DENSITY. 

SQUABE 
BOOT  OF 
DENSITY. 

1 

SQUABE  BOOT. 

AUTHO] 

Air 

0-9038 
0-8785 
0-6626 
1-3830 
0-8750 
0-5000 
0-8750 
1-3750 
0-9376 
10025 
2-2129 

0-9507 
0-9373 
0-2502 
1-1700 
0-9354 
0-7071 
0-9354 
1-1705 
0-9682 
1-0308 
1-4876 

1-0518 
10009 
3-9908 
0-8503 
1-0091 
1.4142 
1-0091 
0-8545 
1-0328 
8-9701 
00722 

Regni 

Nitrogen • 

Uydroiren  

<i 

,&A^VU  V|^VU       .•.••••••••...•••■■•...■•..... 

CarboDio  acid  

(< 

Carbonic  oxide 

Calculi 

Light  carburctted  hydrogen  CH^ 
defiant  cos 

Nitrous  oxide 

<f 

Nitric  oxide 

ti 

Sulnhuretted  hvdroiren 

(i 

Chlorine. 

tt 

A  jar  on  tho  plate  of  an  air-pump  is  kept  vacuous  by  continued  exhaustion 
a  measured  quantity  pf  air,  or  any  other  gas,  pillowed  to  find  its  way  into  the  va 
jar  through  a  minute  aperture  in  a  thin  metallic  plate,  such  as  platinum  foil, 
by  a  fine  steel  point,  an(f  not  more  than  l-300dth  of  an  inch  in  diameter.  Wi 
imperfect  exhaustion,  it  is  found  that  the  velocity  with  which  the  gas  fiows  inf 
jar  rapidly  increases  till  the  aspiration  power  or  degree  of  exhaustion  amou 
about  one-third  of  an  atmosphere.  Iligher  degrees  of  exhaustion  do  not  prod 
corresponding  increase  of  velocity,  and  the  difference  of  an  inch  of  the  mer 
column  of  the  gauge  barometer  scarcely  affects  the  rate  at  which  the  gas  e: 
when  the  vacuum  is  nearly  complete,  and  tho  pressure  to  which  the  gas  is  si 
approaches  that  of  a  whole  atmosphere.  By  a  perforated  plate  such  as  describe 
cubic  inches  of  dry  air  entered  the  vacuous,  or  nearly  vacuous  air-pump  rcceiv 
about  1000  seconds,  and  in  successive  experiments  the  time  of  passage  did  not 
more  than  one  or  two  seconds. 

The  time  of  passage  into  a  vacuum  of  a  constant  volume  varied  in  the  difl 
gases,  the  lightest  passing  in  the  shortest  time.  The  time  corresponded  very  cl 
for  each  gas  with  the  square  root  of  its  density.  Thus  the  square  root  of  the  de 
of  oxygen  being  1*0515,  and  thatiof  air  1,.  (Table  I.],  the  time  of  passage  o 
constant  volume  of  oxygen  was  observed  to  bo  1*0519,  1-0519,  10506,  1-05C 
experiments  made  on  different  occasions,  the  time  of  passage  of  the  same  voluxi 
air  being  1.  Compared  with  the  time  of  the  passage  of  a  constant  volume  of  oj 
taken  as  1,  tho  time  of  hydrogen  was  0*2631,  instead  of  0*25  (Table  II.);  the 
of  nitrogen  was  0-9365  and  0*9345,  instead  of  0*9373 ;  the  time  of  carbonic  c 
of  which  the  theoretical  density  is  the  same  as  the  last  gas,  was  0*9345,  instei 
0.9354;  of  carburctted  hydrogen  0*7023,  instead  of  0*7071;  of  carbonic 
1*1675,  instead  of  1*1705.  The  time  of  nitrous  oxide  was  always  the  sam 
nearly  as  could  be  observed,  as  that  of  carbonic  acid ;  while  these  two  gases 
the  same  specific  gravity.  For  gases  which  do  not  differ  greatly  from  mr  in  sp 
gravity,  the  times  correspond  so  closely  with  the  law,  that  the  densities  of 
gases,  it  appears,  might  be  deduced  as  accurately  from  an  effusion  experiment  i 
actually  weighing  them.  The  sensibl0dcviation  from  the  law  in  tho  times  of 
tho  very  light  and  very  heavy  gases  can  be  shown  to  bo  occasioned  by  the  tubul 
of  the  aperture  arising  from  the  unavoidable  thickness  of  the  metallic  plate. 

The  times  of  passage  into  a  vacuum  of  equal  volumes  of  different  gases  var 
then,  as  tho  square  root  of  their  densities,  the  velocities  of  passage  will  consequ 
be  in  the  inverse  proportion,  or  as  1  divided  by  the  square  root  of  the  gas.  Tl 
the  physical  law  of  the  passage  of  fluids  generally  under  pressure,  which  has 
long  established  for  liquids  of  different  densities  by  observation,  but  hod  not 
vioualj  received  an  experimental  verification  in  the  case  of  gases. 
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Mixtures  of  nitrogen  and  oxygen  in  different  propor^ons  were  found  to  have  the 
mean  lute  of  tlicir  constituent  gase?.  This  la  also  tmc  of  mixtures  of  carbonic  acid, 
nitrona  oxide,  and  carbonic  oxide,  with  each  other  or  with  the  preceding  gases.  Bat 
bjrdrogen  and  ntrboretted  hydrogen  lose  iflore  or  less  of  their  peculiar  rate,  and  poaa 
slower,  when  mixed  with  other  gases.  Thug  the  time  of  passage  of  a  mixture  of 
equal  volumes  of  oxygen  and  hydrogen  ig  07255;  instead  of  0'6315,  the  mean  of 
the  limes,  1  and  0-2631,  of  those  gaacs  individually.  Sapposiog  the  rate  of  the 
oxygen  in  the  mixture  to  remain  unchanged,  and  that  the  alteration  takes  place  on 
the  hydrogen  exclosively,  then  the  time  of  paassge  of  the  bydrocen  has  increased 
from  0-'2G31  (o  0'4610,  or  been  nearly  doubled.  But  it  is  in  mixtures  where  the 
proportion  of  hydrogen  b  large  compared  with  that  of  the  other  gaa,  that  the  de- 
parture from  the  mean  velocity  is  most  conspicnons.  Thus  the  addition  of  half  a 
per  cent,  of  air  or  oxygen  has  an  effect  in  retarding  the  passage  of  hydrogen  at  least 
three  times  greater  than  what  it  should  produce  from  its  greater  density  by  calcula- 
tion. The  time  of  the  effusion  of  hydrogen  thus  becomes  a  delicate  test  of  the 
purity  of  that  gas.  Thia  want  of  mechanical  equivalency  in  hydrogen  mixtures  is 
excc«lingly  romarlcable,  being  a  marked  departure  from  the  usual  uniformity  of 
gaaeous  properljes. 

TRANSPIRATION   OF  OASES. 

The  arrangement  exhibited  (fig.  40),  was  adopted  in  examining  the  rates  of  passage 
of  diffident  gases  into  a  vacuum  through  a  capillary  tube.     The  gns  is  token  from  a 


ooonterpoiaed  betl-jar,  standing  over  Hia  water  of  a  pneumatic  trough,  and  passed 
fint  l^  a  flexiUe  tube  to  a  U-ahaped  drying  tube  filled  witk  fragments  of  chloride 
of  cnlcinm,  in  order  to  bo  deprived  of  aqueous  vapour  before  entering  the  capillary 
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glass  tube  a.  The  last  is  connected  by  means  of  a  tube  of  block  tin  with  a  n 
on  the  plate  of  an  air-pump,  provided  with  a  gauge  barometer  6,  as  rcpres 
Gas  is  allowed  to  enter  the  exhausted  receiver  by  the  capillary  tube,  and  tb 
observed  which  the  gauge  barometer  requires  to  fall  a  certain  number  of  iuche 
the  admission  of  a  constant  volume. 

It  is  found  that  for  a  tube  of  any  given  diameter,  the  times  of  passage  of  di 
gases  approximate  the  more  closely  to  their  respective  times  of  effusion,  the 
the  tube  is  shortened  and  made  to  approximate  to  an  aperture  in  a  thin 
While,  as  the  tube  is  elongated,  a  deviation  from  those  rates  is  observed,  w) 
rapid  with  the  first  additions  in  length,  but  becomes  gradually  less ;  and,  i 
with  a  certain  length  of  tube,  the  gases  attain  rates  of  which  tlie  relation  n 
constant,  or  nearly  so,  for  any  farther  increase  of  length.  The  same  rclat 
velocity  between  the  different  gases  is  then  found  to  extend  also  through 
Biderable  range  of  pressure,  as  from  one  to  one-tenth  of  an  atmosphere. 

The  ultimate  rates  of  transpiration  differ  considerably  from  the  rates  of  e: 
of  the  same  gases,  and  have  no  uniform  relation  to  their  density.  Of  all  the 
trie<l,  oxygen  passes  with  least  velocity  through  a  capillary  tube.  The  time  c 
sage  into  a  vacuum,  under  the  atmospheric  pressure,  of  a  volume  of  oxygen  be 
that  of  air  was  0.9010,  of  nitrogen  0.87U4,  and  carbonic  oxide  0.8G71.  The 
piration  times  of  these  gases  approach  so  closely  to  their  specific  gravities,  as  t 
seen  by  Table  II.,  as  to  lead  to  the  inference  that  the  transpiration  times  arc  d 
as  the  density  for  these  gases.  Nitric  oxide  appears  to  coincide  in  transpiratio 
with  nitrogen,  although  denser,  the  specific  gravity  of  the  former  being  the 
between  the  densities  of  the  nitrogen  and  oxygen.  The  transpiration  time  < 
bonic  acid  approached  very  closely  to  0.75,  or  three-fourths  of  that  of  o 
Nitric  oxide,  which  has  the  same  specific  gravity  as  carbonic  acid,  coincides  pe 
with  that  gas  also  in  time  of  transpiration.  The  densities  of  these  two  gases 
that  of  oxygen  as  22  to  16,  but  their  times  of  transpiration  are  to  the  time  of 
piration  of  oxygen,  as  12  to  16. 

The  transpiration  time  of  hydrogen,  by  several  capillary  tubes,  varied  bu 
little  from  0.44,  the  time  of  oxygen  being  1.  The  number  for  hydrogen  th< 
approaches  0.4375,  which  is  7-16ths  of  the  oxygen  time.  The  time  of  lig 
buretted  hydrogen  was  also  remarkably  constant  at  0.550  to  0.555;  which  apj 
although  not  very  closely,  to  0.5625,  or  9-16ths  of  the  oxygen  time.  Olefin 
has  probably  sensibly  the  same  specific  gravity  as  nitrogen  and  carbonic  oxic 
it  is  much  more  transpirable  than  these  gases ;  the  transpiration  time  of  olefia 
being  found  so  low  as  0.512.  This  result  is  not  inconsistent  with  the  true  n 
for  olefiant  gas,  being  0.5,  or  one-half  the  time  of  oxygen;  for  the  gas  operatec 
was  found  always  to  contain  either  a  trace  of  a  heavy  hydrocarbon,  or  a  few  pe 
of  carbonic  oxide,  both  of  wbich  increase  the  time  of  transpiration.  Hydroge 
five  per  cent,  of  air  was  less  rapidly  transpired  than  olefiant  gas,  the  time  c 
mixture  being  0.5237. 

The  transpiration  time  of  mixtures  of  the  following  gases  was  exactly  the 
of  the  times  of  the  mixed  gases,  namely,  oxygen,  nitrogen,  hydrogen,  carbonic 
nitrous  oxide,  and  carbonic  acid ;  but  the  transpiration  time  of  hydrogen  an 
buretted  hydrogen,  particularly  the  former,  is  greatly  increased  when  these  ga« 
in  a  state  of  mixture  with  each  other,  or  with  gases  of  the  former  class.  Th 
transpiration  time  of  a  mixture  of  equal  volumes  of  oxygen  and  hydrogen  was  0 
instead  of  0.72,  the  mean  time  of  the  two  gases.  The  transpiration  time  of  hyi 
in  such  a  mixture  is  as  high  as  0.8016;  or,  its  transpiration  is  then  less  rapi 
that  of  pure  carbonic  acid. 

The  effusion  of  a  given  measure  of  air  into  a  vacuum  takes  place  always 
eamc  time,  whatever  may  be  its  density,  from  one-fourth  of  an  atmosphere  up 
atmospheres.     But  the  transpiration  of  air  of  different  densities  was  observed  \ 
plaoe  in  times  which  arc  inversely  as  the  densities;  or,  the  denser  air  is,  th( 
rapidly  is  a  given  volume  of  it  transpired.    Hence  the  transpiration  of  air  f 
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gases  18  greatly  affected  by  variations  of  the  barometer;  the  higher  the  barometer 
tho  more  quickly  are  the  gases  transpired.  The  difference  in  this  respect  separates 
completely  the  phenomena  of  effusion  and  transpiration.  Nor  can  the  phenomena 
of  transpiration  be  an  effect  of  friction,  for  the  greater  the  density  of  air,  the  more 
should  its  passage  be  resisted  by  friction.  The  transpirability  of  a  gas  appe^irs  to  be 
a  constitutional  property,  like  its  density,  or  its  combining  volume ;  and  the  investi- 
gation is  of  peculiar  interest  from  supplying  a  new  class  of  constants  for  the  gases, 
namely,  their  coefficients  of  transpiration.  The  rates  of  transpiration  of  different 
gaees  were  further  observed  to  be  the  same  through  a  fine  capillary  tube  of  copper 
of  eleven  feet  in  length,  and  a  mass  of  dry  stucco,  as  thsough  capillary  tubes  of  glass. 

DIFFUSION  OP   GASES. 

When  a  light  and  heavy  gas  are  once  mixed  together,  they  do  not  exhibit  any 
tendency  to  separate  again,  on  standing  at  rest;  differing  in  this  respect  from  mixed 
liquids,  many  of  which  speedily  separate,  and  arrange  themselves  according  to  their 
densities,  the  lightest  uppermost,  and  tho  heaviest  undermost  —  as  in  the  familiar 
example  of  oil  and  water,  unless  they  have  combined  together.  This  peculiar  pro- 
perty of  gases  has  repeatedly  been  made  the  subject  of  careful  experiment.  Common 
air,  for  instance,  is  essentially  a  mixture  of  two  gases,  differing  in  weight  in  tho  pro- 
portion of  971  to  1105;  but  the  air  in  a  tall  close  tube  of  glass  several  ifeet  in  length, 
kept  upright  in  a  still  place,  has  been  found  sensibly  the  same  in  composition  at  the 
top  and  bottom  of  the  tube,  after  a  lapse  of  months.  Hence,  there  is  no  reason  to 
imagine  that  the  upper  strata  of  the  air  differ  in  composition  from  the  lower;  or  that 
a  light  gas,  such  as  hydrogen,  escaping  into  the  atmosphere,  will  rise,  and  ultimately 
possess  the  higher  regions; — suppositions  which  have  been  the  groundwork  of 
meteorological  theories  at  different  times. 

The  earliest  observations  we  possess  on  this  subject  are  those  of  Dr.  Priestley,  to 
whom  pneumatic  chemistry  stands  so  much  indebted.  Having  repeated  occasion  to 
transmit  a  gas  through  stoneware  tubes  surrounded  by  burning  fuel,  he  perceived 
that  the  tubes  were  porous,  and  that  the  gas  escaped  outwards  into  the  fire;  while  at 
the  same  time  the  gases  of  the  fire  penetrated  into  the  tube,  although  the  gas  within 
the  tube  was  in  a  compressed  state. 

Dr.  Dal  ton,  however,  first  perceived  the  important  bearings  of  this  pro-  Fia.  41. 
perty  of  atrial  bodies,  and  made  it  the  subject  of  experimental  inquiry.  ^ 
He  discovered  that  any  two  gases,  allowed  to  communicate  with  each  other, 
exhibit  a  positive  tendency  to  mix  or  to  penetrate  through  each  other,  even 
in  opposition  to  the  influence  of  their  weight.  Thus,  a  vessel  /i,  contain- 
ing a  light  gas  (hydrogen),  being  placed  above  a  vessel  c,  containing  a 
heavy  gas  (carbonic  acid),  and  the  two  gases  allowed  to  communicate  by  a 
narrow  tube,  as  represented  (fig.  41),  an  interchange  speedily  took  place 
of  a  portion  of  their  contents,  which  it  might  be  supposed  that  their  rela- 
tive position  would  have  prevented.  Contrary  to  the  solicitation  of  gra- 
vity, the  heavy  gas  continued  spontaneously  to  ascend,  and  the  light  gas 
to  descend,  till  in  a  few  hours  they  became  perfectly  mixed,  and  the  pro- 
portion of  the  two  gases  was  the  same  in  the  upper  and  lower  vessels. 
This  disposition  of  different  gases  to  intermix,  appeared  to  Dr.  Dalton  so 
decided  and  strong,  as  to  justify  the  inference  that  different  gases  afforded 
no  resistance  to  each  other;  but  that  one  gas  spreads  or  expands  into  the 
space  occupied  by  another  gas,  as  it  would  rush  into  a  vacuum.  At  least, 
that  the  resistance  which  the  particles  of  one  gas  offer  to  those  of  another 
is  of  a  very  imperfect  kind,  to  be  compared  to  the  resistance  which  stones  in  the 
channel  of  a  stream  oppose  to  the  flow  of  running  water.  Such  is  Dalton's  theory 
of  the  miscibility  of  the  gases.     (Manchester  Memoirs,  Vol.  V.) 

In  entering  upon  this  inquiry,  I  found,  first,  that  gases  diffuse  into  the  atmosphere, 
and  into  each  otheri  with  different  degrees  of  ease  and  rapidity.     This  was  observed 


88  DIFFUSION    OF    GASES. 

by  allowing  eacb  gas  to  diffuse  from  a  bottle  into  the  air  through  a  narroil 
taking  care,  when  the  gas  was  lighter  than  air,  that  it  was  allowed  to  escape 
the  lower  part  of  the  vessel,  and  when  heavier  from  the  upper  part,  so  that  t 
on  no  occasion,  any  disposition  to  flow  out,  but  was  constrained  to  diffuse  ift 
sition  to  the  effect  of  gravity.  The  result  was,  that  the  same  volume  of  di 
gases  escapes  in  times  which  are  exceedingly  unequal,  but  have  a  relation 
specific  gravity  of  the  gas.  The  light  gases  diffuse  or  escape  most  rapidly ; 
hydrogen  escapes  five  times  quicker  than  carbonic  acid,  which  is  twenty-twc 
heavier  than  that  gas.  Secondly,  in  an  intimate  mixture  of  two  gases,  th 
diffusive  gas  separates  from  the  other,  and  leaves  the  receiver  in  the  greatest  ] 
tio%  Hence,  by  availing  ourselves  of  the  tendencies  of  mixed  gases  to  diffui 
diflercht  degrees  of  rapidity,  a  sort  of  mechanical  separation  of  gases  may  be  el 
The  mixture  must  be  allowed  to  diffuse  for  a  certain  time  into  a  confined  gaa 
vaporous  atmosphere,  of  such  a  kind  as  may  afterwards  bo  condensed  or  al 
with  facility.     (Quarterly  Journal  of  Science,  New  Series,  Vol.  V.) 

But  the  nature  of  the  process  of  diffusion  is  best  illustrated  when  the  gasc 
municatc  with  each  other  through  minute  pores  or  apertures  of  insensible  mag 

A  singular  observation  belonging  to  this  subject  was  made  by  Professoi 
rciner,  of  Jena,  on  the  escape  of  hydrogen  gas  by  a  fissure  or  crack  in  glass  ra 
Having  occasion  to  collect  large  quantities  of  that  light  gas,  he  had  accid 
made  use  of  a  jar  which  had  a  slight' fissure  in  it.     He  was  surprised  to  fli 
the  water  of  the  pneumatic  trough  rose  into  this  jar  one  and  a  half  inches  in 
hours ;  and  that  after  twenty-four  hours  the  height  of  the  water  was  two  inch 
thirds  above  the  level  of  that  in  the  trough.     During  the  experiment,  neit 
height  of  the  barometer  nor  the  temperature  of  the  place  had  sensibly 
(Aunales  de  Chimie  et  de  Physique,  1825.)    He  ascribed  the  phenomenon  t 
lary  action,  and  supposed  that  hydrogen  only  is  attracted  by  the  fissures,  and 
through  them  on  account  of  the  extreme  smallness  of  its  atoms.     It  is  unnc 
to  examine  this  explanation,  as  Dobereiner  did  not  observe  the  whole  phcno 
On  repeatiag  the  experiment,  and  varying  the  circumstances,  it  appeared  to  i 
hydrogen  never  escapes  outwards  by  the  fissure  without  a  certain  portion  of  a 
truting  at  the  same  time  inwards,  amounting  to  between  one-fourth  and  one- 
the  volume  of  the  hydrogen  which  leaves  the  receiver.     It  was  found  by  an 
ment  which  admits  of  much  greater  precision  than  the  fissured  jar,  that  when 
gen  gas  communicates  with  air  through  such  a  chink,  the  air  and  hydrogen 
a  powerful  disposition  to  exchange  places  with  each  other ;  a  particle  of  a 
ever,  does  not  exchange  with  a  particle  of  hydrogen  of  the  same  magnitude. 
3.83  times  its  magnitude.     We  may  adopt  the  word  diffusion-volume,  to 
this  diversity  of  disposition  in  gases  to  interchange  particles,  and  say  that  tl 
sion-volume  of  air  being  1,  that  of  hydrogen  gas  is  3.83.     Now  every  gas  hj 
fusion-volume  peculiar  to  itself,  and  depending  upon  its  specific  gravity.     C 
gases  which  are  lighter  than  air,  the  difl^sion-volumc  is  greater  than  1,  and 
which  are  heavier,  the  diffusion- volume  is  less  than  1.     The  diffusion  volui 
indeed,  inversely  as  the  square  root  of  the  densities  of  the  gases.     Hence  tl 
of  the  effusion  and  diffusion  of  gases  follow  the  same  law.* 

Exact  results  are  obtained  by  means  of  a  simple  instrument,  which  may  I 
a  diffusion  tube,  and  which  is  constructed  as  follows.  A  glass  tube,  open 
ends,  is  selected,  half  an  inch  in  diameter,  and  from  six  to  fourteen  inches  in 
A  cylinder  of  wood,  somewhat  less  in  diameter,  is  introduced  into  the  tube, 
occupy  the  whole  of  it,  with  the  exception  of  about  one-fifth  of  an  inch  at  or 
mity,  which  space  is  filled  with  a  paste  of  Paris  plaster,  of  the  usual  consist 
casts.  In  the  course  of  a  few  minutes  the  plaster  sets,  and  on  withdraw 
wooden  cylinder  the  tube  forms  a  receiver,  closed  by  an  immoveable  plate  oi 
In  the  wet  state,  the  stucco  is  air-tight ;  it  is  therefore  dried,  either  by  exp 
the  air  for  a  day,  or  by  placing  it  in  a  temperature  of  200°  for  a  few  hours 
thereafter  found  to  be  permeable  by  gases,  even  in  the  most  humid  atmosj 

*  [«Se«  Supplement,  p.  751.] 
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not  pondvel;;  wetted.     When  sacli  a  diffusion -tube,  six  inches  in  length,  is  filled 
with  hydrogen  over  mercury,  the  diffu»on,  or  exchange  of  air  for  hydrogen,  instautly 
,  commences  through  the  minnte  pores  of  the  stucco, 
and  proceeds  with  so  much  force  and  velocity,  that  ^'•''  *^-  '^<*-  *2- 

within  three  minutes  the  mercury  attains  a  height 
in  the  receiver  of  more  than  two  inches  above  its 
level  in  the  trongh ;  within  twenty  minutes,  the 
whole  of  the  hydrogen  has  escaped.  In  coaducting 
each  experiments  over  water,  it  is  necessary  to  avoiS 
wetting  the  stucco.  With  this  view,  before  filling 
the  diffusion-tube  with  hydrogen,  the  air  is  with- 
drawn by  placing  the  tube  upon  the  short  limb  of 
■n  empty  syphon  (see  Sgnro  42),  which  does  not 
reach,  but  comes  within  half  an  inch  of  the  stucco, 
snd  then  siolciDg  the  iaBtrumcnt  in  the  water  trongh, 
so  that  the  air  escapes  by  the  syphon,  with  the 
exception  of  a  small  quantity,  which  is  noted.  The 
diffufflou  tube  is  then  filled  up,  cither  entirely  or  to 
a  certain  extent,  with  the  gas  to  be  difTascd. 

The  ascent  of  the  water  in  the  tnbc,  when  hy- 
drogen is  diffused,  forms  a  striking  experiment. 
Bat  in  eiperimenta  made  with  the  purpose  of 
determining  the  proportion  between  the  gas  diffused 
and  the  air  which  replaces  it,  it  is  neeessary  tognard 
•fliinst  any  iuequality  of  pressure,  by  placing  the 
diffusion  tube  in  a  jar  of  water  as  in  figure  43, 
and  filling  the  jar  with  water  in  proportion  as  it  rises  in  the  tube. 

In  this  iDStnimcnt  we  may  substitute  many  other  porous  substances  for  the  stucco; 
bnt  few  of  them  answer  so  welt.  Dry  and  sound  cork  is  very  suitable,  but  permits 
the  diffusion  to  go  on  very  slowly,  not  being  sufficieotly  porous ;  so  do  thin  slips  of 
many  grannlar  foliated  minerals,  such  as  flexible  magncsian  limestone.  Charcoal, 
woods,  nnglaied  carlhcnware,  dry  bladder,  may  all  be  used  for  the  same  purpose. 

It  can  be  shown,  on  the  principlefl  of  pneumatics,  that  gases  should  rush  into  a 
vacuum  with  velocities  corresponding  to  the  numbers  which  have  been  found  to 
express  their  diffusion  volumes ;  that  is,  with  velocities  inversely  proportional  to  the 
square  root  of  the  densities  of  the  gases.  The  law  of  the  diffusion  of  gasses  has  on 
this  account  been  viewed  by  my  friend,  Mr.  T.  S.  Thomson,  of  Clithcroe,  as  a  con- 
firmation of  Dr.  Dalton's  theory,  that  gases  are  inelastic  towards  each  other  (L.  Ed. 
and  D.,  Phil.  Mog.  3d  scries,  iv.  321).  It  must  be  admitted  that  the  ultimate 
result  in  diffiision  is  in  strict  accordance  with  Dalton's  inw,  but  there  are  certain 
circumstances  which  make  me  hesitate  in  adopting  it  as  a  true  representation  of  the 
phenomenon,  although  it  affords  a  eovcOieat  mode  of  expressing  it.  I.  It  is  sup- 
pornd,  on  that  law,  that  when  a  cubic  foot  of  hydrogen  gas  is  allowed  to  communi- 
cate with  a  cubic  foot  of  air,  the  hydrogen  expands  into  the  space  occupied  by  the 
air,  as  it  would  do  into  a  vaeuum,  and  becomcH  two  cubic  feet  of  hydrogen  of  half 
density.  The  air,  on  the  other  band,  expands  in  the  same  manner  into  the  space 
occupied  by  the  hydrogen,  so  as  to  become  tivo  cubic  feet  of  air  of  half  density. 
Now  if  the  gases  actually  expanded  through  each  other  in  this  manner,  cold  should 
be  produced,  and  the  tctnpcnlure  of  the  mixed  gases  should  fall  40  or  45  degrees. 
But  not  the  slightest  change  of  temperature  occurs  in  diffusion,  however  rapidly  the 
process  is  conducted.  2.  Although  the  ultimate  result  of  diffusion  is  always  in  eon- 
fonnity  with  Dalton's  law,  yet  the  diffusive  process  takes  place  in  different^  gases 
with  very  different  degrees  of  rapidity.  Thus,  the  external  air  penetrates  into  a 
diffusion  tube  with  velocities  denoted  by  the  following  numbers,  1277,  023,  302, 
according  as  the  diffiision  tube  b  filled  with  hydrogen,  with  carbonic  acid,  or  with 
cUorinc  ga>.     Now,  if  the  air  were  rushing  into  a  vacuum  in  all  these  eases,  why 
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should  it  not  always  enter  it  with  the  same  velocity  ?  Something  more,  t' 
must  he  assumed  than  that  gases  arc  vacua  to  each  other,  in  order  to  ez] 
whole  phenomena  observed  in  diffusion. 

Passage  of  gasts  through  membranes,  —  In  connexion  with  diffusion,  the 
of  gases  through  humid  membranes  may  be  noticed.  If  a  bladder,  half  fi] 
air,  with  its  mouth  tied,  be  passed  up  into  a  large  jar  filled  with  carbonic  i 
standing  over  water,  the  bladder,  in  the  course  of  twenty-four  hours,  becomei 
distended,  by  the  insinuation  of  the  carbonic  acid  through  its  substance,  i 
even  burst,  while  a  very  little  air  escapes  outwards  from  the  bladder.  Bu 
not  simple  diffusion.  The  result  depends  upon  two  circumstances :  first,  u 
bonic  acid  being  a  gas  easily  liquefied  by  the  water  in  the  substance  of  t] 
brane, — the  carbonic  acid  penetrates  the  membrane  as  a  liquid ;  secondly,  th 
is  in  the  highest  degree  volatile,  and,  therefore,  evaporates  very  rapidly  f 
inner  surface  of  the  bladder  into  the  air  confined  in  it.  The  air  in  the 
comes  to  be  expanded  in  the  same  manner  as  if  ether  or  any  other  volatile  1 
admitted  into  it.  The  phenomenon  was  observed  by  Dalton  in  its  simpk 
Into  a  very  narrow  jar,  half  filled  with  carbonic  acid  gas  over  water,  he  ad 
little  air.  The  air  and  gas  were  accidentally  separated  by  a  water-bubble,  i 
prevented  from  intermixing.  But  the  carbonic  gas  immediately  began  to  be 
by  the  film  of  water,  and  passing  through  it,  evaporated  into  the  air  beloi 
air  was  in  this  way  gradually  expanded,  and  the  water-bubble  ascended  in  t 
Hero  the  particular  phenomenon  in  question  was  observed  to  take  place,  but 
the  intervention  of  membrane.  It  is  to  be  remembered  that  the  thinnest 
water  or  any  li(|uid  is  absolutely  impermeable  to  a  gas  as  such. 

In  the  experiments  of  Drs.  Mitchell  and  Faust,  and  others,  in  which  gasc 
through  a  sheet  of  caoutchouc,  it  is  to  be  supposed  that  the  gases  were  alwa; 
fied  in  that  substance,  and  penetrated  through  it  in  a  fluid  form.  Indeed,  fe^ 
are  more  remarkable  than  caoutchouc  for  the  avidity  with  which  they  imbibe 
liquids.  The  absorption  of  ether,  of  naphtha,  of  oil  of  turpentine,  softening 
stance  of  the  caoutchouc,  without  dissolving  it,  may  be  referred  to.  It  is 
always  those  gases  which  are  more  easily  liquified  by  cold  or  pressure  that  p 
readily  through  both  caoutchouc  and  humid  membranes.  I>r«  Mitchell  foi 
the  time  required  for  the  passage  of  equal  volumes  of  different  gases  thrc 
same  membrane,  was 

1    minute,  with  ammonia. 

2}  minutes,  with  sulphuretted  hydrogen. 


H 

cyanogen. 

5J 

carbonic  acid. 

6* 

nitrous  oxide. 

27  i 

arscniettcd  hydrogen. 

28 

olefiunt  gas. 

87J 

hydrogen. 

113 

oxygen. 

160 

carbonic  oxide. 

and  a  much  greater  time  with  nitrogen. 


DIFFUSION   OP  VAPOURS  INTO  AIR,   OR   SPONTANEOUS  EVAPORATIO 

Volatile  bodies,  such  as  water,  rise  into  air  as  well  as  into  a  vacuum,  and  ol 
according  to  the  law  by  which  gases  diffuse  through  each  other.  Thus,  if  i 
quantity  of  the  volatile  liquid  ether  be  conveyed  into  two  tall  jars  standii 
water,  one  half  filled  with  air,  and  the  other  with  hydrogen  gas,  the  air  and  h^ 
immediately  lx?gin  to  expand,  from  the  ascent  of  the  ether- vai)our  into  th< 
the  two  gases  in  the  end  have  their  volume  increased  exactly  in  the  same  pro] 
But  the  hydrogen  gas  undergoes  this  expansion  in  half  the  time  that  the  air  re 
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that  is  to  say,  ether-vupour  follows  the  usual  law  of  diffusion  in  penetrating  more 
rapidly  through  the  lighter  gas. 

We  are  indebted  to  Dr.  Dalton  for  the  discovery  that  the  evaporation  of  water  has 
the  same  limit  in  air  as  in  a  vacuum.  Indeed,  the  quantity  of  vapour  from  a  vola- 
tile body  which  can  rise  into  a  confined  space,  is  the  same,  whether  that  space  be  a 
vacuum,  or  be  already  filled  with  air  or  gas,  in  any  state  of  rarefaction  or  condensa- 
UoD.  The  vapour  rises,  and  adds  it^  own  elastic  force,  such  as  it  exhibits  in  a 
vacuum,  to  the  clastic  force  of  the  other  gases  or  vapours  already  occupying  the  SJime 
space.  Hence,  it  is  only  necessary  to  know  what  quantity  of  any  vapour  rises  into 
a  vacuum  at  any  particular  temperature ;  —  the  same  quantity  rises  into  air.  Thus 
the  vapour  from  water,  which  rises  into  a  vacuum  at  80®,  depresses  the  mercurial 
column  one  inch,  or  its  tension  is  one-thirtieth  of  the  usual  tension  of  the  air. 
Now,  if  water  at  80®  be  admitted  into  dry  air,  it  will  increase  the  tension  of  that  air 
bj  l-30th,  if  the  air  be  confined;  or  increase  its  bulk  by  1-oOth,  if  the  air  be  allowed 
to  expand.  M.  Ilegnault  has,  indeed,  observed  that  the  tension  of  the  vapour  of 
water  in  air,  and  in  pure  nitrogen  gas,  is  always  a  little  more  feeble  (2  or  3  per 
cent)  than  in  a  vacuum  for  the  same  temperature,  (Annales  de  Ch.  et  Ph.,  xv.  137); 
from  which  may  be  inferred  the  existence  of  some  physical  obstacle  to  the  full  diffu- 
sion of  vapours,  of  which  the  nature  is  at  present  unknown.  The  density  of  tho 
vapour  of  water  in  air  saturated  with  it  may  also  be  taken  as  the  same  as  it  has  been 
found  in  a  vacuum,  or  G'22  (air=  1000),  M.  Ilegnault  having  observed  it  to  deviate 
not  more  than  one-hundredth  part  from  that  density,  at  all  temperatures  between 
82^  and  72®  Fahr.  —  (Ibid.,  p.  IGO). 

The  spontaneous  evaporation  of  water  into  air  is  much  affected  by  three  circum- 
stances:— 1.  The  previous  state  of  dryness  of  the  air  —  for  a  certain  fixed  quantity 
only  of  vapour  can  rise  into  air,  as  much  as  into  the  same  space  if  vacuous ;  and  if 
a  portion  of  that  quantity  be  already  present,  so  much  the  less  will  be  taken  up  by 
the  air;  and  no  evaporation  whatever  takes  place  into  air  which  contains  this  fixed 
quantity,  and  is  already  saturated  with  humidity.  2.  By  warmth  —  for  the  higher 
tho  temperature  the  more  considerable  is  the  quantity  of  vapour  which  rises  into  any 
accessible  space.  Thus  water  emits  so  much  vapour  at  40®  as  expands  the  air  in  con- 
tact with  it  1-1 14th  part,  and  at  60®  as  much  as  expands  air  l-57th  part,  or  double 
the  quantity  emitted  at  the  lower  temperature.  Hence,  humid  hot  air  contains  a 
much  greater  portion  of  moisture  than  humid  cold  air.  4.  Tho  evaporation  of 
water  is  greatly  quickened  by  the  removal  of  the  incumbent  air  in  proportion  as  it 
becomes  saturated ;  and  hence  a  current  of  air  is  exceedingly  favourable  to  evapo- 
ration. 

When  air  saturated  with  humidity  at  a  high  temperature  is  cooled,  it  ceases  to  be 
able  to  sustain  the  large  portion  of  vapour  which  it  possesses,  and  the  excess  assumes 
the  liquid  form,  and  preci pittites  in  drops.  Many  familiar  appearances  depend  upon 
the  condensation  of  the  vapour  in  the  atmosphere.  When  a  glass  of  cold  water,  for 
instance,  is  brought  into  a  warm  room,  it  is  often  quickly  covered  with  moisture. 
The  air  in  contact  with  the  glass  is  chilled,  and  its  power  to  retain  vapour  so  much 
reduced  as  to  occasion  it  to  deposit  a  portion  upon  the  cold  glass.  It  is  from  the 
same  cause  that  water  is  often  seen  in  the  morning  running  down  in  streams  upon 
the  inside  of  the  gkiss  panes  of  bed-room  windows.  The  glass  has  the  low  tempera- 
ture of  the  external  air,  and  by  contact  cools  the  warm  and  humid  air  of  the  apart- 
ment so  as  to  occasion  the  precipitation  of  its  moisture.  Hence  also,  when  a  warm 
thaw  follows  after  frost,  thick  stone  walls  which  continue  to  retain  their  low  tempe- 
ntare  are  covered  by  a  profusion  of  moisture. 

Hygrometers.  —  As  water  evaporates  at  all  temperatures,  however  low,  the  atmo  • 
sphere  caunot  be  supposed  to  be  ever  entirely  destitute  of  moisture.  The  proportion 
present  varies  with  the  temperature,  the  direction  of  the  wind,  and  other  circum- 
stanoeSy  but  is  generally  greater  iu  summer  than  in  winter.  There  are  various 
means  by  which  the  moisture  in  the  air  may  be  indicated,  and  its  quantity  estimated. 
afibrdiug  principles  for  the  construction  of  different  hygroscopes  or  hygrometers. 
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1.  The  chemical  method  consists  in  passing  a  known  measure  of  ai 
highly  hjgrometric  substance,  such  as  chloride  of  calcium,  contained  in  a  g1 
which  has  been  weighed;  the  increase  of  weight  is  that  of  the  vapour  i 
The  experiment  admits  of  beinc  made  with  ngorous  accuracy,  but  is  sel 
recourse  to,  except  to  check  other  methods  which  are  more  expeditious, 
certain.* 

2.  Many  solid  substances  swell  on  imbibing  moisture,  and  contract  agaii 
ing :  such  as  wood,  parchment,  hair,  and  most  dry  organic  substances.  Tl 
meter  of  Deluc  consisted  of  an  extremely  thin  piece  of  whalebone,  which  ic 
ing  and  contracting  moved  an  index.  The  principle  of  this  instrument  is  i 
in  the  transparent  shavings  of  whalebone  cut  into  figures,  which  bend  and 
up  wheu  laid  upon  the  warm  hand.  Saussure  made  use  of  human  hair  hi 
solution  of  carbonate  of  soda,  as  a  hygrometric  body,  and  it  appears  to  ans^ 
than  any  other  substance  of  the  class.  Regnault  docs  not  make  any  essenti] 
in  the  construction  of  Saussure,  but  prefers  to  deprive  the  hairs  of  unctuor 
by  leaving  them  for  twenty-four  hours  in  a  tube  filled  with  ether.  They  pi 
this  way  all  tlieir  tenacity,  and  acquire  at  the  same  time  nearly  as  much  s 
as  if  they  had  been  prepared  by  an  alkali.  He  finds  that  each  instrument 
graduated  experimentally  by  placing  it  in  a  confined  space  with  air  kept  in 
state  of  humidity  by  the  presence  of  dilute  sulphuric  acid  of  several  di 
strength,  which  he  indicates,  and  supplies  tables  of  their  tension  at  difiere: 
ratures  (Ann.  de  Ch.,  t.  xv.  p.  173).  Of  this  instrument,  which  is  so  com 
a  great  many  circumstances,  he  speaks  more  highly  than  physicists  general 
but  at  the  same  time  remarks  that  it  requires  great  circumspection  in  the 
and  that  the  occasional  verification  of  the  instrument  by  means  of  the  solu 
employed  in  graduating  it  is  indispensable. 

3.  The  degree  of  dryness  of  the  air  may  I 
of  by  the  rapidity  of  evaporation.  Leslie  ma< 
his  differential  thermometer  as  a  hygrometer, 
one  of  the  bulbs  with  muslin,  and  keeping  it  c 
moist  by  means  of  a  wet  thread  from  a  cup 
placed  near  it.  The  evaporation  of  the  moisi 
the  ball,  and  occasions  the  air  in  it  to  contra 
instrument  gives  useful  information  in  rega: 
rapidity  of  evaporation,  or  the  drying  power  ( 
but  docs  not  indicate  directly  the  quantity  of 
in  the  air.  The  wct'bulb  hygrometer^  more  c 
used,  acts  on  the  same  principle,  but  consis 
similar  and  very  delicate  mercurial  thermom 
bulb  of  one  of  which  (a)  is  kept  constantly  mc 
the  bulb  of  the  other  (6)  is  dry.  The  wet  thei 
always  indicates  a  lower  temperature  than  the 
unless  when  the  air  is  fully  saturated  with 
and  no  evaporation  from  the  moist  bulb  tal 
In  making  an  observation,  the  instrument  is 
placed,  not  in  absolutely  still  air,  but  in  an  < 

^ dow  where  there  is  a  slight  draught. 

The  indications  of  the  wet-bulb  hygromcte 
ehromctcr,  are  discovered  by  simple  inspection.  It  is,  therefore,  a  proble 
greatest  importance  to  deduce  from  them  the  dew  point,  or  the  tension  of  tl 
in  the  air,  by  an  easy  rule.  Could  this  inference  be  made  with  certainty, 
bulb  hygrometer  is  so  commodious  that  it  would  supersede  all  others.     I  si 

>  The  present  and  following  methotla  of  byp-ometry,  and  all  the  experimental  data 
have  lately  received  a  full  and  critical  revision  from  31.  Kcgnault,  of  tlie  great 
tVce  his  "Etudes  sur  THygrometrie,"  ^Vimalea  do  Chimie,  &c.,  1885,  3  sCt.  t  xv.  p 
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Kcinecd  in  it  pradoal  manner,  so  that  the  degree  (j 
momcfer  at  wliieh  dew  begins  to  be  dejiosiled  o 
part  of  !he  Burfiice  of  the  ball  may  be  obseiTed4 
fion.  Tbc  temperature  of  b  being  thereafter  allon 
the  degree  at  irbich  the  dew  disappears  from  its  wi 
likenitic  be  noted.  It  should  not  differ  much  fn^ 
pcraturc  of  tlie  deposition,  and  will  probably  gini 
poiat  more  correclly;  although,  strictly  spcakingj 
bct^Teen  the  two  obsen*atioii3  Ehould  be  the  tmal 
It  is  convenient  to  have  n  second  thcrraomcter  inc 
of  tbc  instrument,  for  observing  the  tcmpcmturvt 
at  the  time.  .( 

M.  Ecgnault  proposes  a  modification  of  Dankl 
meter,  under  the  name  of  the  Condcnsrr-kT/grom 
nalcs  de  Chimic,  et  Ph.  t.  sv.  PI.  2),  which  apH 
the  most  perfect  instrument  of  the  class.  It  CQ 
thimble,  a  be,  (figure  46),  made  of  silver,  very 
perfectly  polished,  1-8  inch  in  depth,  and  8-lOlli; 
' '  '  is  fitted  tightly  upon  a  glas* 
The  tube  has  a  small  lateral  f 


n  diameter,  which 
open  at  botlj  ends. 
Tlie  upper  opening  of  the  tube  is  closed 
bya  cork,  which  is  traversed  by  the  stem 
of  a  very  sensible  thermometer  occupying 
lis  anis;  the  bulb  of  the  thermometer  is 
in  the  centre  of  the  silver  thimble.  A 
very  thin  glass  tube,  fg,  open  at  both' 
ends,  traverbcs  the  same  cork,  and  de- 
scends to  the  bottom  of  the  thimble. 
Ether  is  poured  into  the  tube  as  high  as 
«i  n,  and  the  tubulure  ( is  placed  in  com- 
munication by  means  of  a  leaden  tube 
with  an  aipirntor  jar  six  or  eight  pints  in 
capacity,  filled  with  water.  The  aspirator 
jar  is  placed  near  the  obsen-er,  while  tho 
condciisor-hygromcter  is  kept  as  far  from 
his  person  as  Is  desirable. 

^Ou  allowing  water  to  run  from  the  „ 
cspittitor  jar,  air  enters  by  the  tube  gf, 
passing  bubble  by  bubble  thi'ough  tbo 
ether,  which  it  cools  by  carrying  away 
vapour;  tho  refrigeration  is  the  more  ra- 
pid, the  more  freely  the  water  is  allowed 
to  flow ;  and  the  whole  mass  of  ether  pre- 
sents a  sensibly  uniform  temperature,  as 
it  is  briskly  agitated  by  the  passage  of  tho 
bubbles  of  air.  The  temperature  is  suffi- 
ciently lowered  in  less  than  a  minute  to 
determine  an  abundant  deposit  of  dew. 
The  thermometer  is  then  observed  through 
a  little  telescope;  suppose  that  it  is  read 
off  at  50°.  This  temperature  is  evidently 
somewhat  luwcr  than  what  corresponds 
exactly  to  tbo  air's  humidity.  By  closing 
the  stopcock  of  the  aspirator  tbc  passage  of 
in  a  few  seconds,  and  the  tbeniionielcr  agair 
tlus  degree  is  above  the  dew-point.    The  stopcock  of  the  aspirator  i: 
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slightly,  80  as  to  determine  the  passage  of  a  very  small  sircain  of  air  bubbles 
1^  the  ether.  If  the  tbcrniometer  continues,  notwithstanding,  to  rise,  the 
o^  is  opened  further,  and  the  thermometer  brought  down  Co  51°. 3 :  by 
ing  the  stopcock  slightly,  it  is  easy  to  stop  the  falling  range,  and  make  the 
Domcter  remain  stAtioDsry  at  51°. 8  as  long  as  is  desired.  If  no  dcv  forms 
the  lapse  of  a  few  seconds,  it  is  evident  that  51°. S  is  higher  than  the  dcw- 
;.  It  is  brought  donn  to  51°. G,  and  maiotained  there  by  regulating  the  fiow. 
metallic  surface  being  now  observed  to  becomo  dim  ai\er  a  few  seconds,  it  is 
laded  that  51°. 6  is  too  low,  while  51°. 8  was  too  high.  A  still  greater  .ijiproii- 
30  oven  may  bo  made,  by  now  finding  whether  51°.7  is  above  or  below  the 
;  of  condensation.  These  operations  may  be  csocuted  in  a  very  short  time,  after 
;le  practice;  three  or  four  minutes  being  found  sufficient,  by  M.  Regnault,  to 
•aline  the  dew-point  to  witliin  about  .,^th  of  a  degree  Fnhr.  A  more  considcra- 
all  of  temperature  may  be  obtained  by  means  of  this  than  the  original  instra- 
tof  Daniel!,  with  the  consumption  of  a  much  less  quantity  of  ether;  indeed, 
liquid  may  be  dispensed  with  entirely,  and  alcohol  substituted  for  it.  Tlio 
CDometcr,  T,  to  observe  the  temperature  of  the  air  during  the  experiment,  is 
id  in  a  second  umilar  glass  tube  and  thimble  n'  V,  also  under  the  influence  of 
tS[urator,  but  containing  no  ether. 

1  evaporating  by  means  of  hot  air,  as  in  drying  goods  in  the  ordinary  bleachers* 
>,  which  is  heated  by  flues  from  a  fire  carried  along  the  floor,  it  should  be  kept 
lind  that  a  certain  time  must  elapse  before  air  is  saturated  with  humidity.  Mr. 
ieli  has  observed  that  a  few  cubic  inches  of  dry  air  continue  to  expand  for  an 
-  or  two,  when  exposed  to  water  at  the  temperature  of  the  air.  At  high  tem- 
tnres,  the  diffusion  of  vapour  into  air  is  more  rapid;  but  stiil  it  is  not  at  all 
intaneous.  Hence,  in  such  a  drying  stove,  means  ought  to  be  taken  to  repress 
ar  than  to  promote  the  exit  of  the  hot  air;  otherwise  a  loss  of  beat  will  be 
doned  by  the  escape  of  the  air,  before  it  is  saturated  tvith  humidity.  The 
test  advantage  has  been  derived  from  closing  such  a  stove  as  perfectly  as  possible 
ic  top,  and  oaly  opening  it  after  the  goods  are  dried  and  about  to  be  removed, 
rder  to  allow  of  a  renewal  of  the  air  in  the  chamber  between  each  operation. 
vaporating  water  by  heated  air,  the  vapour  itself  carries  off  exactly  the  same 
ititj  of  heat  as  if  it  were  produced  by  boiling  the  water  at  212°,  while  the  air 
;iatcd  wdth  it  likewise  requires  to  have  its  temperature  rdsed,  and  therefore 
«ions  an  additional  consumption  of  heat.  Hence  water  can  never  be  evaporated 
ir  in  a  drying  stove  with  so  small  an  expenditure  of  fuel  as  in  a  close  boiler, 
'hen  bodies  to  be  dried  do  not  part  with  their  moisture  freely,  but  in  a  gradual 
ner,  as  is  the  ease  with  roots,  and  most  organic  subatances,  the  hot  air  to  diy 
a  may  be  greatly  economised  by  a  particular  mode  of  applying  it,  which  is 
practised  in  the  madder-stove.     Tho  principle  of 

''B-  *^-  this  drying  stove  is  illustrated  by  the  annexed 

figure,  in  which  ab  represent  a  tight  chamber, 
having  two  openings,  one  near  the  roof,  by  which 
hot  air  is  admitted  into  the  chamber,  and  another 
at  the  bottom,  by  which  the  air  escapes  into  the 
tall  chimney  e.  The  chamber  coatuina  a  series 
of  stages,  from  the  floor  to  the  roof,  on  the  lowest 
of  which,  sacks,  half  filled  with  the  damp  madder 
roots,  are  firet  placed.  In  proportion  as  the  roots 
dry,  the  bags  are  raised  from  stage  to  stage,  till 
they  arrive  at  the  highest  stage,  where  they  are 
exposed  to  the  air  when  hottest  and  most  desic- 
cating. As  the  dried  roots  are  removed  from  the 
top,  new  roots  arc  introdnced  below,  and  passed 
through  in  the  same  manner.     Here  tho  dry  and 
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Fio.  49.  hot  tdTf  after  taking  all  the  moisture 

roots  on  the  highest  stage  will  part 
Bcends,  and  is  still  capable  of  absfcnu 
cond  quantity  of  moisture  from  the  n 
next,  and  so  on,  as  it  proceeds;  till  it  ] 
into  the  chimney  absolutely  saturated 
ture,  after  having  reached  the  bottom  o! 
ber. 

It  is  frequently  an  object  to  dry  a  smi 
of  a  substance  most  completely  (such  aa 
substance  for  analysis)  at  some  steady  ti 
such  as  212^.  This  is  effected  very  o 
by  means  of  a  little  oven,  (figure  49),  o 
a  double  box  of  copper  or  tin-plate^ 
inches  square,  with  water  between  t 
which  is  kept  in  a  state  of  ebullition  by 
gas  flame,  or  spirit  lamp. 


NATURE  OP   HEAT. 

It  is  convenient  to  adopt  the  material  theory  of  heat  in  considering  it 
tion  in  bodies,  and  in  expressing  quantities  of  heat  and  the  relative  c 
bodies  for  heat  Indeed,  every  thing  relating  to  the  absorption  of  heat  t 
idea  of  its  substantial  eidstence ;  for  heat,  unlike  light,  is  never  cxtingc 
it  falls  upon  a  body,  but  is  either  reflected  and  may  be  farther  traced,  or 
and  accumulated  in  the  body,  and  may  again  be  derived  from  it  withoui 
the  mechanical  phenomena  of  heat,  which  resemble  those  of  light,  may  I: 
with  equal  if  not  greater  advantage  by  assuming  an  undulatory  theory  c 
responding  with  the  undulatory  theory  of  light.  A  peculiar  impondera 
or  ether  is  supposed  to  pervade  all  space,  through  which  undulations  are 
that  produce  the  impression  of  heat.  A  hot  radiant  body  is  a  body  po 
faculty  to  originate  or  excite  such  undulations  in  the  ether  or  medii 
which  spread  on  all  sides  around  it,  like  the  waves  from  a  pebble  thron 
water.  Sound  is  propagated  by  waves  in  this  manner,  but  the  mediu 
they  are  generally  produced,  or  the  usual  vehicle  of  sound,  is  the  air; 
experiments  on  the  reflection  and  concentration  of  heat,  by  concave  ref 
be  imitated  by  means  of  sound.  Thus,  if  a  watch  instead  of  the  lamp  ] 
the  focus  of  one  of  a  pair  of  conjugate  reflecting  mirrors  (fig.  20,  p.  54] 
of  air  occasioned  by  its  beating  emanate  from  the  focus,  strike  against 
and  are  reflected  from  it,  so  as  to  break  upon  the  face  of  the  opposite 
concentrated  into  its  focus,  and  communicate  the  impression  of  soum 
placed  there  to  receive  it.  The  transmission  of  heat  from  the  focus  of 
to  the  focus  of  the  other  may  easily  be  conceived  to  bo  the  propagatioi 
undulations  through  another  and  different  medium  from  air,  but  coexi 
same  space. 

In  adopting  the  material  theory  of  heat,  we  are  under  the  necessity  c 
that  there  are  different  kinds  of  heat,  some  of  which  are  capable  of  pass! 
glass,  such  as  the  heat  of  the  sun,  while  others,  such  as  that  radiatin, 
nand,  are  entirely  intercepted  by  glass.  But  on  the  undulatory  theory  t 
properties  of  heat  are  referred  to  differences  in  the  size  of  the  waves,  a 
ences  of  colour  are  accounted  for  in  light.  Heat  of  the  higher  degrees  < 
however,  admits  of  a  kind  of  degradation,  or  conversion  into  heat  of  lowi 
to  which  we  have  nothing  parallel  in  the  case  of  light.  Thus  when  the  o 
of  the  sun,  which  are  of  the  highest  intensity,  pass  through  glass,  and  sti 
wall,  they  are  absorbed,  and  appear  immediately  afterwards  raiiiating  from 
wall;  as  heat  of  low  intensity,  and  are  no  longer  capable  of  passing  thi 
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CHAPTER  II. 

c 

LIGHT. 

The  mcchaDical  properties  of  light  constitute  the  scienoe  of  optics,  a 
therefore,  to  physics,  and  not  to  chemistry.  But  it  may  be  aseful,  by* 
capitulation^  to  recal  them  to  the  memory  of  the  reader. 

1.  The  rays  of  light  emanate  with  so  great  velocity  from  the  fniii| 
occupy  only  7}  minutes  in  traversing  the  immense  space  which  separate! 
from  that  luminary.  They  travel  at  the  rate  of  192,500  miles  in  a  i 
would,  therefore,  move  through  a  space  equal  to  the  circumference  of  o 
1-8 th  of  a  second.  They  are  propagated  continually  in  straight  lines, 
or  diverge  at  the  same  time ;  so  that  their  density  diminishes  in  the  dii 
tion  of  the  squares  of  their  distance  from  the  sun.  Hence,  if  the  eai 
double  its  present  distance  from  the  sun,  it  would  receive  only  one-foi 
light;  at  three  times  its  present  distance,  one-ninth;  at  four  times  its  ] 
tance,  one-sixteenth,  &o. 

2.  When  the  solar  rays  impinge  upon  a  body,  they  are  reflected  from 
and  bound  off,  as  an  elastic  ball  striking  against  the  same  surface  in  the  san 
would  do ;  or  they  are  absorbed  by  the  body  upon  which  they  fall,  and 
being  extinguished ;  or  lastly,  tbey  pass  through  the  body,  which  in  i 
transparent  or  diaphanous.  In  the  first  case,  the  body  becomes  visible 
white,  or  of  some  particular  colour,  and  we  see  it  in  the  direction  in  whi< 
reach  the  eye.  In  the  second  case,  the  body  is  invisible,  no  light  proc4 
it  to  the  eye ;  or  it  appears  black,  if  the  surrounding  objects  arc  ilium: 
the  third  case,  if  the  body  be  absolutely  transparent,  it  is  invisible, 
through  it  the  object  from  which  the  light  was  last  reflected.  But  li 
greatly  affected  in  passing  through  transparent  bodies. 

•  3.  K  light  enter  such  media,  of  uniform  density,  perpendicularly  to  tl 
its  direction  is  not  altered ;  but  in  passing  obliquely  out  of  one  medium  ii 
it  undergoes  a  change  of  direction.  If  the  second  medium  be  denser  th 
the  ray  of  light  is  bent,  or  refractedy  nearer  to  the  perpendicular ;  but 
oat  from  a  denser  into  a  rarer  medium,  it  is  refracted  from  the  pe] 

Thus,  when  the  ray  of  light  r,  pass! 
^^'  ^'  the  air,  falls  obliquely  upon  a  plate 

the  point  a,  instead  of  continuing 
the  same  straight  line  a  h,  it  is  b 
the  perpendicular  at  a,  and  proci 
direction  a  c.  The  ray  is  bent  to 
which  there  is  the  matest  mass  of 
passing  out  from  the  glass  into  the 
medium,  at  the  point  c,  the  ray  has 
again  changed,  and  in  this  case  fr 
pendicular,  bat  still  towards  the  mass  of  glass.  The  amount  of  refractio 
speaking,  is  proportional  to  the  density  of  a  body,  but  combustible  bod: 
higher  refracting  power  than  corresponds  to  their  density.  Hence  tl 
melted  phosphorus,  naphtha,  and  hydrogen  gas,  exhibit  this  effect  upoi 
greater  degree  than  other  transparent  bodies.  Br.  WoUaston  had  rcc< 
refracting  power  as  a  test  of  the  purity  of  some  substances.  Thus,  gc 
cloves  had  a  refracting  power  expressed  by  the  number  1535,  while  tha 
pure  specimen  was  not  more  than  1498. 

4.  In  passing  through  many  crystallized  bodies,  such  as  Iceland  sp 
portion  of  light  is  refracted  in  the  usual  way,  and  another  portion  u 
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extraordinary  refraction,  in  a  plane  parallel  to  the  diagonal  which  joins  the  two 
obtuse  angles  of  the  crystal.  Such  bodies  are  said  to  refract  doubly^  and  exhibit  a 
double  image  of  any  body  viewed  through  them. 

5.  Reflected  and  likewise  doubly  refracted  light  assume  new  properties.  Common 
light,  by  being  reflected  from  the  surface  of  glass,  or  any  bright  surface  non-metallic, 
is  more  or  less  of  it  converted  into  what  is  (^led  polarized  hf^i.  If  it  be  reflected 
at  one  particular  angle  of  incidence,  56''.45',  it  is  all  changed  into  polarized  light ; 
and  the  further  the  angle  of  reflection  deviates  from  56'',  on  either  side,  the  less  is 
pdarized,  and  the  more  remains  common  light.  56^  is  the  maximum  polarizing 
angle  for  glass ;  52^.45'  for  water.     The  light  is  said  to  be  polarized,  from  certain 

Cpertics  which  it  assumes,  which  seem  to  indicate  that  the  ray,  like  a  magnetic 
9  has  sides  in  which  reside  peculiar  powers.  One  of  these  new  properties  is,  that 
when  it  falls  upon  a  second  glass  plate,  it  is  not  reflected  in  the  same  way  as  com- 
mon light  K  the  plane  of  the  second  reflector  is  perpendicular  to  the  first,  nnd 
the  ray  fiill  at  an  angle  of  50^,  it  is  not  reflected  at  all,  it  vanishes;  but  if  parallel, 
it  is  entirely  reflected.  Polanzcd  light  appears  to  possess  some  most  extraordinary 
properties,  in  regard  to  vision,  of  useful  application.  It  is  said  that  a  body  which 
IB  quite  transparent  to  the  eye,  and  which  appears  upon  examination  to  be  as  homo- 
geneous in  its  structure  as  it  is  in  its  aspect,  will  yet  exhibit,  under  polarized  light, 
ttie  most  exquisite  organization.  As  an  example  of  the  utility  of  this  agent  in 
exploring  mineral,  vegetable,  and  animal  structures.  Sir  D.  Brewster  refers  to  the 
eztnordinary  structure  of  the  minerals  apophyllite  and  analoime ;  to  the  symmetrical 
and  fignrate  disposition  of  siliceous  crystals  in  the  epidermis  of  equisetaceous  plants, 
and  to  the  wonderful  variations  of  density  in  the  crystalline  lenses,  and  the  integu- 
ments of  the  eyes  of  animals,  which  polarized  light  renders  visible.  (Rep.  of  the 
British  Association,  vol.  i.     Report  upon  Optics,  by  Sir.  D.  Brewster.) 

6.  Decomposition  of  light. —  When  a  beam  of  light  from  the  sun  is  admitted 
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into  A  dark  room,  by  a  small  aperture  r  in  a  window-shntter,  and^is  intercepted  in 
iti  paasige  by  a  wedge  or  solid  angle  of  glass  a  &  c,  it  is  refracted  as  it  enters,  and 
A  second  time  as  it  issues  from  the  glass ;  and  instead  of  forming  a  round  spot  of 
white  light^  as  it  would  have  done  if  allowed  to  proceed  in  its  original  direction  r  /, 
it  iUummatea  with  several  colours  an  oblong  ^pace  of  a  white  card  c/,  properly 
plaoed  to  receive  it.  The  solid  wedge  of  glass  is  called  a  prism,  and  the  oblong 
eokmred  image  on  the  card,  the  solar  spectrum.  Newton  counted  seven  bands  of 
di£Eefent  oolours  in  the  spectrum,  which,  as  they  succeed  each  other  from  the  upper 
put  of  the  spectrum  represented  in  the  figure,  are  violet,  indigo,  blue,  ^en,  yellow, 
onuBgey  and  red.  The  beam  of  light  admitted  by  the  aperture  in  the  wmdow-shutter 
has  been  separated  in  passing  through  the  prism  into  rays  of  difierent  colours,  and 
this  separation  obviously  depends  upon  the  rays  being  unequally  refrangible.  Tho 
Une  rays  are  more  oonoderably  refracted  or  deflected  out  of  their  course,  in  passing 
thiongh  the  glass,  than  the  yellow  rays,  and  the  yellow  rays  than  the  itxi.  Hence 
the  violet  end  ia  spoken  of  as  the  most  refrangible^  and  the  red  as  the  least  refran- 
gUe  end  of  tho  spectrum. 
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Tbo  coloared  bandB  of  the  spectrum  differ  in  width,  and  ate  shaded  ^ 

other  i_  and  it  is  not  to  bo  supposed  that  there  are  really  niya  of  scTen| 

colours.     Sir  D.  Breimter  has  eslublished,  in  his  an&Ivsis  of  solar  light,  tN 

are  Tuys  of  three  colours  only,  blue,  yellow,  and  red,  which  were  well  koowsl 

to  be  the  three  primary  colnure  of  which  all  others  are  compouuded.  .  ; 

A  certain  quantity  of  white  light,  and  a  portion  of  each  of  the  prini 

may  be  found  at  every  point  from  the  top  t^  the  bottom  of  the  speetni 

each  of  the  primary  rays  predominates  at  a  particular  part  of  the  spectral 

point  is,  for  the  blue  rays,  near  the  top  of  the  spectrum ;  for  the  yellow  T^ 

what  below  the  middle;  and  for  tho  red  rays,  near  the  bottom  of  the  ■ 

Hence,  there  exist  mys  of  each  colour  of  evM 

.  ■  of  rcfrnngibility ;  but  tho  great  proportion  of  ti 

Blae       Tellow       Bed      r^ys  is  more  refrangible  than  tho  red,  and  ; 

■peetruin.  speetrom.  spectram.  proportion  of  (he  blue  more  refrangible  than  < 

1  yellow  or  red.      The  compound  apectrum  i 

',  observe  is  in  fact  produced  by  the  superpo 

1  three  simple  i^pectra,  a  blue,  a  yellow,  and  a 

I  trum.     The  distribution  of  the  rays  in  each 

I  simple  spectra  is  represented  hy  the  shadii 

!  annexed  Ggures.   Of  tic  seven  different  oolou: 

into  which  Newlon  divided  the  spcetram,  no 

pure  colour.     The  orange  is  produced  by  s 

nance  of  the  yellow  and  red  rays;  the  gre< 

yellow  and  blue  rays,  and  the  indigo  and 

I  essentially  blue,  with  different  proportiona  o 

yellow.' 

By  placing  a  second  prism  a  if  c,  in  a  reversed  position,  in  contaot  wit 
prism,  the  colours  disappear,  and  we  have  a  spot  of  white  light,  as  if  b( 
were  absent.  The  three  coloured  rays  of  the  spectrum,  therefore,  prod 
light  by  their  union. 

On  examining  the  solar  spectrum,  Dr.  Thomas  Young  observed  that  it 
by  several  dark  linea;  that  is,  that  there  are  interruptions  in  the  spectn 
there  is  no  light  of  any  colour.  Fraunhofer  subseiuuntly  found  that  tl 
the  spectrum  of  solar  light  were  much  more  numerous  than  Dr.  Younj 
gined,  white  the  spectrum  of  artificial  white  flames  contains  all  the  rays 
thus  wanting.  One  of  the  most  notable  is  a  dnubtc  dark  lino  in  the  yell 
occurs  in  the  light  of  the  sun,  moon,  and  plancls.  In  the  light  of  the  I 
Sirius  and  Castor,  the  same  double  line  does  not  occur;  but  one  conspi^ 
line  in  the  yellow,  and  two  in  the  blue.  The  spectrum  of  Pollux,  on  th- 
is the  same  as  that  of  the  sun.  Now  a  very  recent  discovery  of  Sir  D 
has  given  these  obscr^'ations  on  entirely  chemical  character.  He  has 
the  white  light  of  ordinary  flames  requires  merely  to  be  sent  througb 
gawous  medium  (nitrous  acid  vapour)  to  acijnirc  more  than  a  thousand  dt 
its  spectrum.  Ho  is  hence  led  to  infer  that  it  is  tho  presence  of  certa 
the  atmosphere  of  tho  sun  which  occasions  the  observed  deficiencies  i 
spectrum.  We  may  thus  have  it  yet  in  our  power  to  study  the  nature  e 
buaiion  which  lights  up  the  suns  of  other  syatcms.  Dr.  Miller,  hy  sub, 
spectrum  to  the  absorptive  influences  of  chlorine,  iodine,  bromine,  pen 
manganese,  and  other  coloured  vapours,  brought  into  view  numerous  • 
not  previously  observed.  The  spectra  of  coloured  flames  were  also  marki 
liar  lines. 

The  rays  of  heat  are  distributed  vciy  unequally  (bronghout  the  luminoni 
most  heat  being  found  associated  with  the  red  or  least  refrangible  luminoi 
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least  with  the  violet  rays.  Indeed,  when  the  solar  beam  is  decomposed  by  a  prism 
of  a  highly  diathermanous  material,  such  as  rock  salt,  the  rays  of  heat  are  found  to 
extend,  and  to  have  their  point  of  maximum  intensity  considerably  beyd&d  the 
visible  spectrum,  on  the  side  of  the  red  ray.  Hence,  although  there  are  calorific 
rays  of  all  degrees  of  refrangibility,  the  great  proportion  of  them  are  even  less  re* 
frangible  than  the  least  refrangible  luminous  rays.  It  is  to  be  observed  that  the 
least  refrangible  rays  are  absorbed  in  greatest  proportion  in  passing  through  bodies 
which  are  not  highly  diathermanous;  such  as  crown-glass,  and  water.  Hence 
prisms  of  these  substances,  allowing  only  the  more  refrangible  rays  of  heat  to  pass, 
give  a  spectrum  which  is  hottest  in  the  red,  or  perhaps  even  in  the  yellow  ray,  and 
possesses  little  or  no  heat  beyond  the  border  of  the  red  ray.  The  inequality  in 
refrangibility  existing  between  the  rays  of  heat  and  of  light  is  decisive  of  the  fact 
that  they  are  peculiar  rays,  that  can  be  separated,  although  associated  together  in 
the  sunbeam.  Indeed,  Melloni  finds  that  light  from  both  solar  and  terrestrial  sources 
b  divested  of  all  heat  by  passing  successively  through  water,  and  a  gkss  coloured 
green  by  oxide  of  copper,  being  incapable  as  it  issues  from  these  media  of  affecting 
the  most  delicate  thcrmoscope. 

The  light  of  the  sun  is  capable  of  inducing  certain  chemical  changes  which  de- 
pend neither  upon  its  luminous  nor  calorific  rays,  but  upon  the  presence  of  what  are 
called  chemical  rays.  Thus,  un'dcr  the  influence  of  light,  chlorine  gas  is  capable  of 
decomposing  water,  combining  with  its  hydrogen,  and  liberating  oxygen ;  the  chlo- 
rine in  the  freshly  precipitated  chloride  of  silver  appears  to  be  liberated,  and  the 
colour  of  the  salt  changes  from  white  to  black  from  the  formation  of  a  subchloride. 
Photographic  impressions  are  obtained  on  paper  by  means  of  this  and  other  salts  of 
silver,  particularly  the  bromide  and  iodide,  which  are  still  more  sensitive  to  light. 
A  polished  plate  of  silver,  covered  with  the  thinnest  film  of  iodide,  is  employed  to 
receive  the  image  in  the  daguerr^type.  The  moist  chloride  of  silver  is  darkened 
more  rapidly  by  the  violet  than  by  the  red  rays  of  the  npecfrum ;  but  this  change 
is  produced  upon  it  even  when  carried  a  little  way  out  rf  the  visible  spectrum  on 
the  «de  of  the  violet  ray.  The  rays  found  in  that  situation  are,  therefore,  more 
refrangible  than  any  other  kind  of  rays  in  the  spectrum.  Their  eharacteristic  effect 
is  to  promote  those  chemical  decompositions  in  which  oxygen  is  withdrawn  from 
water  and  other  oxides ;  and  hence  they  are  sometimes  named  de-oxidizing  rays. 
These  rays  were  likewise  supposed  to  communicate  magnetism  to  steel  needles 
exposed  to  them ;  but  this  opinion  is  no  longer  tenable. 

[The  subjects  of  Polarization  and  the  Chemical  Action  of  Light  will  be  found 
in  the  Svpplement,  p.  658.] 


CHAPTER  III. 
Section  I. 

CHEMICAL  NOMENCLATURE  AND  NOTATION. 

There  are  fifty-nine  substances  at  present  known,  which  are  simple,  or  contain 
one  kind  of  matter  only.  Their  names  are  given  in  the  following  table,  together 
with  eertain  useful  numbers  which  express  the  quantities  by  weight,  according  to 
which  the  different  elements  combine  with  each  other.  The  letter  or  symbol  an- 
nexed to  the  name  is  employed  to  represent  these  particular  quantities  of  the  ele- 
numtSy  or  the  chemical  equivalents. 
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TABLE  OF  ELEMENTARY  SUBSTANCES,  , 

With  thbib  Chexioal  EQUiTALKirrs. 
*«*  For  the  authoritieM  for  the  numbers  in  this  table,  see  note  at  pagj 


Names  of 
Elements. 

• 
00 

1 

Equivalents. 

-^ 

Hydrogen 
b1. 

Oxy.sslOO. 
H.=:12-6. 

i 

Aluminum »♦ 

Al 

Sb 
As 
Ba 

Bi 

B 
Br 
Cd 
Ca 

C 
Ce 

a 

Cr 

Co 

Cu 

D 

F 

01 

An 

H 

I 

Ir 

Fe 

Ln 

18-69 

12908 
76 
68-64 

70-96 

10-90 
78-26 
65-74 
20 

6 

46 

85-50 

28-16 

29-62 

81*66 

49-6 
18-70 
26-50 
98-83 
1 
126-86 
98-68 

28 

48 

171-17 

1612-90 
937-50 
868-01 

886-92 

186-20 
978-80 
696-77 
260-00 

76-00 

676 

448-76 

861-82 

868-99 

896-70 

620 

283-80 

831-26 

122916 

12-50 

1579-50 

1238-60 

860-00 
600 

(  Alg  O3,  alumina. 

i  AL  Ci.,  chloride  of  ah 

Antimony 

(Stibium) 

Arsenic 

(  Alj  Oy  3SO3,  sulphaH 
.^  Sb03«  oxide  of  antima 
f  SbOj,  antimonic  aci<L 
( A8O3,  arsenious  acid. 
\  A8O5,  arsenic  acid. 
/  BnO,  baryta. 
iBnCl,  chloride  of  barf 
f  PiO,  oxide  of  bismuth 
J  BiO,  NO.,  nitrate  of  h 

Barium  ...t.......tt. 

Bismuth 

Boron 

[  Bid.  chloride  of  bias 
1  BOj.  boric  or  boracio 
\  BFI3,  fluoboric  acid.  . 
f  BrOg,  bromic  acid. 
1  BrH,  hydrobromic  ad 
r  CdO,  oxide  of  cadmivi 
\  CdS,  sulphide  or  si^j 
f  CaO,  lime. 

\  CaCl,  chloride  of  ctH 
f  CO,  carbonic  oxide. 
}  C0«.  carbonic  acid. 

Bromine...  •• 

Cadmium 

Calcium 

Carbon • 

Cerium 

(  CSg.  sulphide  or  sulpb 
?  CeO,  oxide  of  cerium. 
I  CejOj,  sesquioxide  of  < 
C  CIO5,  chloric  acid. 
•<  CIO  7,  perchloric  acid. 
(  CIH,  hydrochloric  aoli 
r  Cr03,  chromic  acid. 
J  Cr,03,  sesquioxide  of  < 
(  CrjOj,  8SO3,  sulphatt 
f  CoO,  oxide  of  cobalt. 
I  CojO,,  sesquioxide  of- 
f  CugO,  suboxide  of  cop 
'  CuO,  oxide  of  copper, 
t  CuO,  SO3,  sulphate  ol 

Chlorine 

Chromium ....,.,.,. 

Cobalt 

Copper  (Cuprum). 
Didymium 

Fluorine 

f  HF,  hydrofluoric  add 

\  BF3,  fluoboric  acid. 

S  GljOj,  glucina. 

}  GI2CI3,  chloride  of  gin 

j  AujO.  oxide  of  gold. 

t  AU2O3,  scsquioxide  of 

j  110,  water. 

\  HOj,  binoxide  of  hydi 

f  10,  iodic  acid. 

\  UI,  hydriodic  acid. 

J  IrO,  protoxide  of  iridl 

\  Ir^Og,  sesquioxide  of  1 

r  FcO,  protoxide  of  iroi 

•!  F02O3,  sesquioxide  of  1 

(FcgO,,  8S03,sulphaU 

Glucinum 

Gold  (Aurum) 

Hvdrosen 

M»J  *».  W^  v..  ........... 

Iodine... • 

Iridium 

Iron  (Femim) 

T^ATithfLTinm 
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N&mc  of 
Elemcnta. 

1 
f 

E^aiv 

aleots. 

Hydrogen 

Oxy.  =  100 
II. =12-5. 

Lead  (Plumbnm).. 
Lithium 

Pb 
Li 

Mg 

Ma 

Bg 
Mo 

m 

... 

N(or 
Ai) 
Oi 
0 
Fd 

P 

Ft 

K 

B 

Ra 

8« 

Si 

Ag 

N. 

3r 

8 

T» 

To 

Th 

8n 

Ti 

108-511 
6-48 

12-C7 

27'G7 

10007 

47-88 
2057 

U 

D9'66 
6 
63-27 

8202 
98-68 
89-00 
6211 
6211 
89-67 
21 -8S 
108-00 
22-97 
43  84 
16 

92-30 
66-U 
69-69 
G8-S2 
24-29 

1291-50 
SO-37 
158-35 

3i6-D0 
1250-0 
809-68 

17600 
12«-(9 
10000 

665-90 

400-3 
123  3 -SO 
487-50 
651-39 
651-30 
49.1-58 
266-82 
135fl-00 
287-17 
548-Oa 
200-.00 
1153-73 
801-70 
744-00 
736-29 
803-00 

tPbO.  oiidoofknd, 

iPba,  chloride  of  lend. 

/  LiO,  oiide  of  lithium. 

ILiCI,  chloride  of  Uthium. 

;  MgO,  msgaesia. 

I  MgCl,  chloride  of  magnesium. 

r  WnO,  protoxide  of  maaguiieBe. 

Ma,OTi  pertnimg&Dic  acid. 

Hg-O.  Buboiide  (black  oiide). 
HgO.  oiide  (rod  oxide). 
1  Hg,a,  Bnbohloride  /oalomel). 

MU,.  molybdic  ncid. 
f  NiO.  protoiide  of  nlckol. 
\  NijO^  eesquioxido  of  nickel. 

fNOs,  nitric  acid. 
J  SO,  binoiide  of  nitrogen. 
(,  NH,,  tmmonla. 
OaO,,  oimio  acid. 

fPdO,  protoxide  of  palladinm. 
\  PdO,,  peroxide  of  paU*dium. 

PO5,  phosphoric  acid. 

P0„  phosphorouB  acid. 

PBj,  phoBphurelted  hydrogen, 
f  rtO,  protoxide  of  pJntinuw. 
lPtO»  binoiide  of  pUtiDum. 
S  KO,  potaMn. 

>  KCl.  chloride  of  potasBiam. 
5  RO.  protoxide  otrhodiom. 

Ru.O,.  aescjuioiide  of  nithoninm. 

>  SeO»  leleuic  acid. 

>  Seri;  hydroaelenic  acid. 

\  8iO,,  lilicia  uld,  or  eilies. 
>8iF,,  aaoailicicBcid. 
SAgO,  oxide  of  diver. 

>  AgCl,  cWoridoofBiWer. 
\  NnO,  soda. 

fNaCl.  chloride  of  sodium. 

>  8rO.  fltrontium. 

>  8r€l,  chloride  of  BtronUim. 
\  SO,,  sulphuric  acid. 

i  TaO,  oxide  of  tantnlum. 

>  TaOj,  tnutalic  Qcid- 
S  TeO„  telluric  acid. 

>  TeH,  hydrotelluric  acid. 

>  ThO,  oxide  of  thorium. 

/  ThCl,  chloride  ot  thorium. 
J  SnO,  protoxide  of  dn. 
)  9nOp  binoiiJo  of  Uu. 
jTiO-  titanic  acid. 

Merenry  (tljdi*r 

Molybdenum 

Nitrogen  or  aiote. 

PotMsiom 

Stl  nin 

SlKcr  (ArgBDtom] 

Sodmm 

Tmntalam  or 
Colombiom 

Tm  (SUnnnm) 

Tittniam -.., 
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Name  of 
Elements. 

• 

-3 

Xi 

Equivalents. 

Hydrogen 
=1. 

Oxy.=100. 
H.=12-6. 

• 

Tungsten 

(Wolfram) 

tJranium 

Vfinfvdinm.. ......... 

W 

u 

V 
Y 

Zn 

Zr 

94-64 

60 

68-66 

82-20 

82-62 

83-62 

1183-00 

760 

866-89 

402-61 

406-69 

420-20 

WO3,  tongstio  acid. 

k  UO,  oxide  of  uranium  (onu 
(  U2O3,  uranic  acid. 
VO—  vanadic  acid. 

Yttrium 

J  YO,  yttria. 

Zinc 

>  YCl,  chloride  of  yttrium. 
\  ZnO,  oxide  of  zinc. 

Zirconium 

)  ZnCI,  chloride  of  zinc. 

\  Zr203,  zirconia. 

(  ZrgClg,  chloride  of  zirconiui 

*^*  The  numbers  in  the  preceding  table  arc,  with  several  exceptions,  those  of  I 
The  equivalent  of  carbon  has  lately  been  reduced,  with  the  general  concurrence  of « 
from  76-44,  on  the  oxygen  scale,  to  76,  and  hydrogen  made  12-6  exactly,  chiefly  : 
experiments  of  M.  Dumas  on  the  combustion  of  carbon  and  hydrogen  gns  by  mean 
gen  and  oxide  of  copper,  in  his  refined  arrangement  for  organic  analysis  (Ann.  d< 
8  B^r.  t.  i.  p.  6).  For  nitrogen,  M .  Pelouze  obtained,  by  two  analyses  of  sal-ammo 
numbers  176*68  and  174*78;  M.  Marignac  obtained  for  the  same  element  the  numbe 
from  the  andysis  of  nitrate  of  silver ;  and  Dr.  T.  Anderson  has  been  led  to  nearly 
result,  by  an  analysis  of  the  nitrate  of  load.  These  results  permit  the  adoption  c 
the  equivalent  of  nitrogen:  the  old  number  was  177-04. 

The  equivalents  of  chlorine,  potassium,  and  silver,  the  most  fundamental  numbc 
table,  which  were  determined  by  Berzelius  with  remarkable  precision,  have  receii 
corrections  from  M.  Marignac.  Seven  experiments  were  made  by  the  latter  chemi 
decomposition  of  chlorate  of  potash  by  heat,  in  each  of  which  from  800  to  1100  graj 
salt  were  employed,  which  gave  him  from  39.156  to  89.107  per  cent,  of  oxygen;  I 
30.161,  the  actual  result  of  two  experiments.  Berzelius  had  obtained,  thirty  year 
30.16.  Pelouze  has  also  obtained  identically  the  same  result  (Poggendorif' s  Annal 
171)  On  the  other  hand,  100  parts  of  silver  required  for  precipitation  from  sol 
nitrate,  69.062  parts  of  chloride  of  potassium  (mean  of  six  experiments);  the  maxixi 
60.067,  and  the  minimum  60.049 ;  while  the  precipitated  chloride  of  silver  amoun 
fusion  to  132.84  parts,  as  the  mean  of  five  experiments,  of  which  the  maximum  was 
and  the  minimum  132.825  parts  (Marignac).  These  experiments,  from  which  th< 
lents  are  deduced,  obtain  the  unqualified  approbation  of  Berzelius,  who  gives  the  : 
reduced  to  equivalents  as  they  appear  below.  (Rapport  Annuel  sur  le  Pro^s  de  la 
par  J.  Berzelius,  Paris,  1846,  p.  32). 

Marignac.  Berzelius  (old  num 

Chlorine 443.20 442.66 

Potassium 488.94 480.92 

Silver 1349.01 1351.61 

Finally,  M.  Maumen^  has  investigated  the  same  three  important  equivalents ; 
posing  the  chlorate  of  potash  by  heat,  and  by  guarding  against  certain  minute  soi 
inaccuracy,  raising  the  proportion  of  oxygen  from  100  salt  to  30.209;  also  decompo 
fused  chloride  of  silver  by  hydrogen  gas,  and  analyzing  the  oxalate  and  acetate  0 
The  experiments  of  this  chemist  appear  to  be  executed  with  a  degree  of  exactnei 
can  scarcely  be  exceeded,  and  lead  to  conclusions  of  the  highest  interest,  as  they  gi 
bers  which  approach  so  closely  to  multiples  of  6.25,  the  half  equivalent  of  hydrog 
the  differences  may  be  safely  considered  as  falling  within  the  unavoidable  errors  of  k 
tion,  and  the  multiple  numbers  assumed  as  the  true  numbers  for  the  three  equiTi 
question,  (Annales,  &c.  1846,  3  s^r.  xviii.  41).     The  results  are: — 

Maumen^.  Multiple  Numbers. 

Chlorine 443.669 448.75  =  6.26  X    71 

Potassium 487.004 487.60=    "    X    78 

Silver 1350.322 1350.00=    "    X  216 

The  following  short  table  contains  numbers  lately  obtained  by  M.  Pelouze,  for 
elements,  differing  sensibly  from  the  numbers  of  Berzelius,  for  which  they  ore  Bubl 
and  multiples  of  6.25,  to  which  they  all  closely  approximate. 
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Berzelius.         Pelouze. 
Sodium 200.90 287.17  . 


Multiples  of  6.26. 
287.60  =  6.26  X    46 


Barium 850.88 8o8.03 856.26  s= 

Strontium 547.29 648.02 650.00  = 

Silicium 277.20 206.82 268.76  = 

Phosphorus 392.29 400.30 400.00  = 

Arsenic 940.08 937.60 937.60  = 


II 


X137 
X  88 
X  43 
X  64 
X160 


The  equivalent  of  sodium  was  determined  from  the  quantity  of  chloride  of  sodium  required 
to  precipitate  200  parts  of  siWer  fVom  the  nitrate.  Barium,  strontium,  silicium,  phosphorus, 
and  arsenic,  in  a  similar  manner,  also  by  the  quantity  of  silTcr  which  their  chlorides  pre- 
cipitated. 

The  equivalent  of  calcium  is  taken  at  250,  after  Dumas ;  MM.  Erdmann  and  Marchand 
have  confirmed  this  equivalent;  Berzelius  himself  reduces  his  first  number  from  256.02  to 
251.94.  Sulphur  and  mercury  are  also  after  Erdmann  and  Marchand ;  Berzelius  has,  on 
recalculating  his  old  results,  reduced  the  number  for  sulphur  from  201.17  to  200.8. 

The  equivalent  of  iron  was  lately  found  349.80  by  MM.  Swanberg  and  Norlin,  and  their 
results  confirmed  by  Berzelius,  who  now  obtains  360.27  and  360.369  (instead  of  839.21,  the 
old  equivalent) :  an  intermediate  number  360  is  adopted  in  the  table. 

The  number  for  zinc  is  that  of  M.  Axel  Erdmann,  who  took  unusual  pains  in  purifying 
the  metal :  it  is  412.63  according  to  M.  Favre,  and  414  according  to  M.  Jacquelain ;  the 
number  of  Berzelius  is  408.23. 

The  number  for  uranium  is  that  adopted  by  M.  Peligot ;  it  has  been  found  746.86  by 
M.  Wertheim,  and  742.876  by  Ebelmen. 

The  number  for  gold  is  that  lately  deduced  by  Berzelius  from  an  analysis  of  the  double 
chloride  of  gold  and  potassium  (Poggendorff 's  Annalen,  Ixv.  314) ;  it  replaces  his  former 
Bomber  1243.01.  Those  of  cerium  and  ruthenium  are  by  Hermann  (Annuaire  de  Chimie, 
1835,  p.  130).  M.  Rammelsberg  has  adopted  for  the  former  metal  674.7,  and  M.  Beringer 
677 ;  the  number  of  M.  Hermann  is  intermediate.  Ruthenium,  the  new  metal  from  native 
plaUnnm,  is  considered  by  its  discoverer.  Prof.  Haus,  to  be  isomorphous  with,  and  to  have 
the  same  equivafent  as,  rhodium,  from  the  composition  of  the  double  scsqui-chloride  of 
rnthenium  and  potassium,  2  K  CI  -|-  RujCl,. 

No  data  exist  for  fixing  the  equivalents  of  the  metallic  elements  lately  discovered,  whose 
names  appear  in  the  table,  namely,  didymium  found  with  lanthanum  in  oerite  (Mosander) ; 
niobium  and  pelopium  in  the  tantalite  of  Bavaria  (H.  Rose). 


Names  of 
Elements. 

1 

Equivalents. 

Hydrogen 

e=l. 

Oxy.=100. 
II.=12-5. 

Aridium 

Ar 

Do 

£ 

11 

No 

Tb 

79.72 
60.4 

997.4 
763. 

• 
DojOg,  sesqnioxide  of  donarium. 

IlOg,  ilmenic  acid. 

Bonarium 

Erbium .« 

Ilmenium 

Norium 

Terbium 

[The  elements  given  in  the  above  table  have  been  made  known  since  the  publication  of 
tins  part  of  the  original  work.  Aridium  by  Ulgren,  Donarium  by  Bergemann,  Erbium  and 
Terbium  by  Mosander,  Ilmenium  by  Hermann,  and  Norium  by  Svanberg.  The  equivalents, 
aa  far  as  ascertained,  are  given  on  the  authority  of  the  discoverers.  —  R.  B.] 

In  the  class  of  simple  substances  are  placed  all  those  bodies  which  are  not  known 
to  be  compound,  on  the  principle  that  whatever  cannot  be  decomposed  or  resolved 
bj  any  process  of  chemistry  into  other  kinds  of  matter,  is  to  be  considered  as  simple. 
Thcj  are  the  only  bodies  the  names  of  which  are  at  present  independent  of  any  rule. 
An  attempt  was,  indeed,  made  on  the  first  introduction  of  a  systematic  nomenclature, 
to  make  the  names  of  several  of  them  significant ;  but  some  confusion  in  regard  to 
their  derivatives  was  found  to  be  the  consequence  of  this,  and  many  of  them  being 
fiimiliar  substances,  were  almost  of  necessity  allowed  to  retain  the  names  they  bear 
in  common  language :  such  as,  sulphur,  tin,  sil^r,  and  the  other  metals  known  in 
the  arta.  To  newly  discovered  elements,  however,  such  names  were  applied  aa  were 
suggested  by  any  striking  physical  property  they  possessed^  or  remarkable  circum- 
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stance  in  their  history.  The  names  of  the  newer  metals,  platinum,  potaanu 
dium,  &c.,  have  a  common  termination,  which  serves  to  distinguish  them  ai 
Another  class  of  elementary  hodies,  resembling  each  other  in  oertun  parti< 
marked  in  a  similar  manner ;  namely,  that  composed  of  chlorine,  iodme,  1 
and  fluorine. 

The  names  of  compound  bodies  are  contrived  to  express  their  compoait 
the  class  to  which  they  belong,  and  are  founded  on  a  distribution  of  compoa 
three  orders,  namely,  first,  compounds  of  one  element  with  another  element 
instance,  oxygen  with  sulphur  in  sulphuric  acid,  or  oxygen  with  sodium 
which  are  trailed  binary  compounds.  Secondly,  combinations  of  binary  coi 
with  each  other,  as  of  sulphuric  acid  with  soda  in  Glauber's  salt,  and  the  sa 
rally,  which  are  termed  ternary  compounds.  And  thirdly,  combinations 
with  one  another,  or  double  salts,  such  as  alum,  which  are  quaternary  comp 

1. — Of  the  compounds  of  the  first  order,  the  greater  number  known  to  the 
framers  of  the  chemical  nomenclature  contained  oxygen  as  one  of  their  tw 
tuents ;  and  hence  an  exclusive  importance  was  attached  to  that  element 
pounds  with  the  other  elementary  bodies  may  be  divided  by  their  propert 
(a)  the  class  of  neutral  bodies  and  bases ;  and  (b)  the  class  of  acids. 

(a).  To  members  of  the  first  class  the  generic  term  oxide  was  applied, 
syllable  of  oxygen,  with  a  termination  (ide)  indicative  of  combination;  to  w 
name  of  the  other  element  was  joined  to  express  the  specific  compound, 
compound  of  oxygen  and  hydrogen  is  oxide  of  hydrogen ;  of  oxygen  and  po 
oxide  of  potassium  ;  of  which  compounds,  the  first,  or  water,  is  an  instai 
neutral  oxide ;  and  the  second,  or  potash,  of  a  base  or  alkaline  oxide.  ] 
same  eleuientary  body  often  combines  with  oxygen  in  more  than. one  pre 
forming  two  or  more  oxides ;  to  distinguish  which  the  Greek  prefix  (^proto 
first)  is  applied  to  the  oxide  containing  the  least  proportion  of  oxygen 
(Bevtfpofj  second)  to  the  oxide  containing  more  oxygen  than  the  protoxi< 
trito  (tpero;,  third)  to  the  oxide  containing  still  more  oxygen  than  the  dei 
which  lost  oxide,  if  it  contains  the  largest  proportion  of  oxygen  with  wb 
element  can  unite  to  form  an  oxide,  is  more  commonly  named  the  peroxidi 
per,  the  Latin  particle  of  intensity.  Thus,  the  three  compounds  of  tb 
manganese  and  oxygen  are  distinguished  as  follows : — 

Composition. 

•  Names.  Manganese.  Oxygen. 

Protoxide  of  manganese 100 28.91 

Dcutoxidc  of  mangnncso 100 43.86 

Peroxide  of  manganese 100 57.82 

As  the  prefix  per  implies  simply  the  highest  degree  of  oxidation,  it  may  be 
to  the  second  oxide  where  there  are  only  two,  as  in  the  oxides  of  iron,  the  secon 
of  which  is  c^led,  indifferently,  the  deutoxide  or  peroxide  of  iron.     M.  Thei 
bis  Traits  de  Chimie,  avoids  the  use  of  the  term  deutoxide,  and  confines  tb 
cation  of  peroxide  to  such  of  these  oxides  as,  like  the  peroxide  of  manganese, 
combine  with  acids.     He  applies  the  names  sesquioxide  and  hinoxide  to 
which  are  capable  of  combining  with  acids,  and  contain  respectively,  onoe 
half  and  twice  as  much  oxygen  as  the  protoxides  of  the  same  metal.    He  h 
the  protoxide,  sesquioiddc,  and  peroxide  of  manganese,  the  protoxide  and 
oxide  of  iron,  the  protoxide  and  binoxide  of  tin,  £c.    This  distinction  is  useC 
will  be  adopted  in  the  present  work.    Certain  inferior  oxides,  which  do  not  o 
with  acids,  are  called  suboxides ;  such  as  the  suboxide  of  lead,  which  oontas 
oxygen  than  the  oxide  distinguished  as  the  protoxide  of  the  same  metal. 

The  compounds  of  chlorine  and  several  other  elements  are  distinguished 
same  manner  as  the  oxides.  Such  elements  resemble  oxygen  in  several  re 
particularly  in  the  manner  in  which  their  compounds  are  decomposed  by  eloo 
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Chlorine,  for  example,  like  oxygen,  proceeds  to  the  positive  pole,  and  is  therefore 
daased  with  oxygen  as  an  electro-negative  suhstance,  in  a  division  of  elements 
grounded  on  their  electrical  relations.    Thns,  with  the  other  elementary  hodies. 

Oxygen forms oxides. 

Chlorine *'  chlorides, 

Bromine "  bromides, 

Iodine *'  iodides. 

Fluorine **  fluorides, 

Sulphur **  sulphides  (or  sulphurets), 

Phosphorus "  phosphides  (or  phosphurets). 

Carbon **  carbides  (or  carburets). 

Nitrogen •  **  nitrides, 

Hydrogen <*  » hydrides, 

Cyanogen  (N  Cf) **  ..^ cyanides, 

Sulphion  (S  O4) **  sulphionides. 

As  cyanogen  and  sulphion,  although  compound  hodies,  comport  themselves  in  their 
eombinatioBs  like  electro-negative  elements,  their  compounds  are  named  in  the  same 
manner  as  the  oxides. 

When  several  chlorides  of  th^  same  metal  exist,  they  are  distinguished  hy  the 
same  numerical  prefixes  as  the  oxides.  Thus  wc  have  the  protocoloride  and  the 
sesqnichloride  of  iron ;  the  protochloride,  and  the  bichloride  of  tin.  The  compounds 
of  sulphur  greatly  resemble  the  oxides,  but  they  have  been  generally  named  sul- 
phurets, and  not  sulphides  or  sulphuridcs.  Bcrzelius,  indeed,  applies  the  term  sul- 
phuret  to  such  binary  compounds  of  sulphur  only  as  are  basic  and  correspond  with 
l)Ssio  oxides;  while  sulphide  is  applied  by  him  to  such  as  are  acid,  or  correspond 
with  acid  oxides.  Hence,  he  has  the  sulphuret  of  potassium^  and  the  sulphide  of 
orumc  and  sulphide  of  carbon.  Compounds  of  chlorine  are  distinguished  by  him 
into  chlomrets  and  chlorides,  on  the  same  principle;  thus  he  speaks  of  the  chlorurei 
of  potassiumy  and  of  the  chloride  of  phosphorus.  But  these  distinctions  have  not 
served  any  important  purpose,  while  besides  conducing  to  perspicuity  it  is  an  object 
of  some  consequence  in  a  systematic  point  of  view  to  allow  the  termination  ide^ 
already  restricted  to  electro-negative  substances,  to  apply  to  all  of  them  without 
exception. 

The  combinations  of  metallic  elements  among  themselves  are  distinguished  by 
the  general  term  alloys,  and  those  of  mercury  as  amalgams. 

(h).  The  binary  compounds  of  oxygen  which  possess  acid  properties  are  named 
cm  a  different  principle.  Thus  the  acid  compound  of  titanium  and  oxygen  is  called 
titanic  acid;  of  chromium  and  oxygen,  chromic  acid;  or  the  name  of  the  acid  is 
derived  from  that  of  the  substance  in  combination  with  oxygen,  with  the  termina- 
tion ic.  Where  the  same  element  was  known  to  form  two  acid  compounds  with 
oxygen,  the  termination  ous  was  applied  lo  that  which  contained  the  least  proportion 
of  oxygen,  as  in  sulphurous  and  sulphuric  acids.  On  the  discovery  of  an  acid  com- 
pound of  sulphur  which  contained  less  oxygen  than  that  already  named  sulphurous 
add,  it  was  called  hyposulphvrous  acid,  (from  the  Greek  vno,  under) ;  and  another 
new  compound,  intermediate  between  the  sulphurous  and  sulphuric  acids,  was  named 
h^pasulpkurie  acid.  On  the  same  principle,  an  acid  containing  a  greater  proportion 
of  oxygen  than  that  already  named  chloric  acid,  was  named  hyperchloric  acid,  (from 
the  Greek  ^p,  over  ;)-but  now  more  generally  perchloric  acid.  The  names  of  the 
different  add  compounds  of  oxygen  and  sulphur,  which  have  been  referred  to  for 
nhistration;  with  the  relative  proportioiis  of  oxygen  which  they  contain,  are  as 

follows: 

Composidon. 

Names.  Sulphur.  Oxygen. 

Hyposulphurons  add 100 50 

Sulphurous  acid 100 100 

Hyposulphnric  acid 100 126 

Bulphiiriomdd 100 160 
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The  same  system  is  adopted  for  all  analogous  acids.  An  acid  of  cblorioi 
taining  more  oxygen  than  chloric  acid,  is  named  perchloric  acid,  and  other  i 
compounds,  which  all  contain  an  unusually  large  proportion  of  oxygen,  are 
guished  in  the  same  manner;  as  periodic  acid,  and  permanganic  acid.  Tl 
chloric  acid  is  also  sometimes  called  oxichloric  ;  but  this  last  term  docs  not  m 
suitable  as  the  first 

Another  class  of  acids  exists  in  which  sulphur  is  united  with  the  other  d 
in  the  place  of  oxygen.  The  acids  thus  formed  are  called  sulphur  acids. 
names  of  the  corresponding  oxygen  acids  are  sometimes  applied  to  these,  wi 
prefix  sulph,  as  suJpharsenious  and  sulpharsenic  acids,  which  resemble  ara 
and  arsenic  acids  respectively  in  composition,  but  contain  sulphur  instead  of  a 

Lastly,  certain  substances,  such  as. chlorine,  sulphur  and  cyanogen,  fom 
with  hydrogen,  which  are  called  hydrogen  acids,  or  hydracids.  In  these  aci 
pounds  the  names  of  both  constituents  appear,  as  in  the  terms  hydrochlori 
hydrosulphuric  acid,  and  hydrocyanic  acid,  Thenard  has  proposed  to  altei 
names  to  chJorhydric,  sulplwhydric,  and  cyanhydric  acids,  which  in  some  n 
are  preferable  terms. 

2.  —  Compounds  of  the  second  order,  or  salts,  are  named  according  to  tl 
they  contain,  the  termination  ic  of  the  acid  being  changed  into  a/e,  and  ous  ii 
Thus  a  salt  of  sulphuric  acid  is  a  sulphate ;  of  sulphurous  acid,  a  sulphite ;  oi 
Bulphurous  acid,  a  hyposulphite ;  of  hyposulphuric  acid,  a  hyposulphate ;  t 
perchloric  acid,  a  perchlorate ;  and  the  name  of  the  oxide  indicates  the  8peci< 
sulphate  of  oxide  of  silver,  or  sulphate  of  silver ;  for  the  oxide  of  the  meta 
always  understood,  it  is  unnecessary  to  express  it,  unless  when  more  than  om 
of  the  same  metal  combines  with  acids,  as  sulphate  of  protoxide  of  iron,  a 
phate  of  sesquioxide  of  iron.  These  salts  are  often  called  protosulphate  ai 
sulphate  -of  iron,  where  the  prefixes  proto  and  per  refer  to  the  degree  of  ox 
of  the  iron.  The  two  oxides  of  iron  are  named  ferrous  oxide  and  ferric  oi 
Berzelius,  and  the  salts  referred  to,  the  ferrous  sulphate,  and  the  ferric  su 
The  names  stannous  sulphate  and  stannic  sulphate  express  in  the  same  \< 
sulphate  of  the  protoxide  of  tin,  and  the  sulphate  of  the  peroxide  of  tin.  Bi 
names,  although  truly  systematic,  and  replacing  very  cumbrous  expressions, : 
too  great  a  change  in  chemical  nomenclature  to  be  speedily  adopted.  Having 
its  way  into  common  language,  chemical  nomenclature  can  no  longer  be 
materially  without  great  inconvenience.  It  must  be  learned  as  a  language,  t 
be  viewed  and  treated  as  the  expression  of  a  system.  A  5t«;ifr-sulphate  con 
greater  proportion  of  acid  than  the  sulphate  or  neutral  sulphate ;  a  6t-«ulphat 
as  much,  and  a  jes^ui'-sulphate  once  and  a  half  as  much  as  the  neutral  sul 
while  a  su^ulphato  contains  a  less  proportion  than  the  neutral  salt ;  the  ] 
referring  in  all  cases  to  the  proportion  of  acid  in  the  salt,  or  to  the  electro-m 
ingredient,  as  with  oxides.  The  excess  of  base  in  sub-salts  is  sometimes  in 
by  Greek  prefixes  expressive  of  quantity,  as  di-chromate  of  lead,  /m-ace* 
lead ;  but  this  deviation  is  apt  to  lead  to  confusion.  If  a  precise  expression  fi 
subsalts  were  required,  it  would  be  better  to  say,  the  bibasic  subchromate  o 
the  tribasic  subacetate  of  lead.  But  the  names  of  both  acid  and  basic  salts  i 
in  accordance  with  correct  views  of  their  constitution,  than  the  names  of  an; 
class  of  compounds. 

Combinations  of  water  with  other  oxides  are  called  hydrates :  as  hydrate 
assa,  hydrate  of  boracic  acid. 

3. — In  the  names  of  quartemary  compounds  or  of  double  salts,  the  names 
constituent  salts  are  expressed,  thus : —  Sulphate  of  alumina  and  potash  is  tb 
pound  of  sulphate  of  alumina  and  sulphate  of  potash ;  the  name  of  the  acic 
expressed  only  once,  as  it  is  the  same  in  both  of  the  constituent  salts.  Th< 
alum,  which  has  been  assigned  by  common  usage  to  the  same  double  salt, 
wise  received  in  scientific  language.  The  chloride  of  platinum  and  potassi 
presses^  in  the  same  way,  a  compound  of  chloride  of  platinum  and  chkn 
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potassium.     An  ozichloride,  such  as  the  oxichloride  of  mercury,  is  a  compound  of 
the  oxide  with  the  chloride  of  the  same  metal'. 

The  first  ideas  of  a  chemical  nomenclature  are  due  to  Gujton  de  Morveau,  whoso 
Tiews  were  puhlishcd  in  1782  ;  but  the  chief  merit  of  the  construction  of  the  valua- 
ble system  in  use  is  justly  assigned  to  Lavoisier,  who  reported  to  the  French  Aca- 
demy on  the  subject;  in  the  name  of  a  committee,  in  1787.  It  has  not  been 
materially  modified  or  expanded  since  its  first  publication.  The  present,  or  Lavoi- 
nerian  nomenclature,  does  not  furnish  precise  expressions  for  many  new  classes  of 
compounds,  the  existence  of  which  was  not  contemplated  by  its  inventors,  and  many 
of  its  names  express  theoretical  views  of  the  constitution  of  bodies  which  are  doubt- 
ful, and  not  admitted  by  all  chemists.  But  its  deficiencies  are  supplied,  and  the 
composition  of  bodies  monii  accurately  represented,  in  certain  written  expressions,  or 
chemical  formulae,  which  are  also  employed  to  denote  particular  substances,  and 
which  form  a  valuable  supplement  to  the  nomenclature  still  generally  used.  These 
formulae  are  constructed  on  the  simplest  principles,  and  besides  supplying  the  defi- 
ciencies of  the  nomenclature,  they  at  once  exhibit  to  the  eye  the  composition  of 
bodies,  and  afford  a  mechanical  aid  in  observing  relations  in  composition,  of  the 
same  kind  as  the  use  of  figures  in  the  comparison  of  arithmetical  sums. 

Symbols  of  the  elements. — Each  elementary  substance  is  represented  by  the  initial 
letter  of  its  Latin  name,  as  will  be  seen  by  reference  to  the  table  of  elementary  sub* 
stances,  page  102 ;  but  when  the  names  of  two  or  more  elements  begin  with  the 
same  letter,  a  second  in  a  smaller  character  is  added  for  distinction ;  thus  oxygen  is 
represented  by  the  letter  0,  the  metal  osmium  by  Os,  fluorine  by  F,  and  iron  (fcrrum) 
by  Fe ;  small  letters,  it  is  to  be  observed,  never  being  significant  of  themselves,  but 
employed  only  in  connexion  with  the  large  letters  as  distinctive  adjuncts.  These 
symbols  represent,  at  the  same  time,  certain  relative  quantities  of  the  elements,  the 
letter  O  expressing  not  oxygen  indefinitely,  but  100  parts  by  weight  of  oxygen,  and 
Fe  350  parts  by  weight  of  iron,  or  any  other  quantities  of  these  two  substances 
which  are  in  the  proportion  of  these  numbers :  8  parts  of  oxygen,  for  instance,  and 
28  of  iron.  It  will  immediately  be  explained  that  the  elementary  bodies  combine 
with  each  other  in  certain  proportional  quantities  only,  which  are  expressed  by  one 
or  other  indifferently  of  the  two  series  of  numbers  placed  against  the  names  of  the 
elements  in  the  table  referred  to.  These  quantities  are  conveniently  spoken  of  as 
the  combining  proportions,  the  equivalent  quantities,  or  the  equivalents  of  the  ele- 
ments. The  symbi»l,  or  letter,  of  itself  representing  one  equivalent  of  the  element, 
several  equivalents  are  represented  by  repeating  the  symbol,  or  by  placing  figures 
before  it;  thus  Fe  Fe,  or  2  Fe,  and  3  0,  mean  two  equivalents  of  iron  and  three 
of  oxygen.  Or  small  figures  are  placed  either  above  or  below  the  symbol;  and  to 
the  right ;  thus  Fe',  and  0^,  or  Fcj  Os?  are  of  the  same  value  as  the  former  expres- 
sions, but  are  used  only  when  symbols  arc  placed  together  in  the  formulae  of  com- 
pounds. Two  equivalents  of  an  element  are  sometimes  expressed  by  placing  a  dash 
through,  or  under  its  symbol,  but  such  abbreviations  will  not  be  made  use  of  in  the 
present  work. 

Formula  of  compounds, — The  collocation  of  symbols  expresses  combination: 
tlius  Fe  O  represents  a  compound  of  one  equivalent  or  proportion  of  iron,  and  one 
of  oxygen,  or  the  protoxide  of  iron ;  SO3,  a  compound  of  one  equivalent  of  sulphur, 
and  three  of  oxygen — that  is,  one  equivalent  of  sulphuric  acid;  and  sulphate  of 
ixon  itself,  consisting  of  one  equivalent  of  each  of  the  preceding  compounds,  may 
be  represented  as  follows : 

FeO      SO3,  or 

FeO  +  SOs,  or 

Fe  0,     S  O3. 
The  sign  plus  (4-)  or  the  comma,  being  introduced  in  the  second  and  third  formulao, 
to  iadicate  a  diistributioQ  of  the  elements  of  the  salt  into  its  two  proximate  const!- 
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tuents,  oxide  of  iron,  and  Bulphnric  acid,  which  is  not  so  distinctly  indicated 
first  formula.  It  may  often  he  advantageous  to  make  use  of  boUi  the  comi 
the  plus  sign  in  the  same  formula,  and  then  it  would  he  a  hcnoficial  practice 
them  as  in  the  following  formula  for  the  douhle  sulphate  of  iron  and  potash : 

FeO,  SO3+KO,  SO,, 

in  which  the  comma  is  employed  to  indicate  comhination  more  intimate  in  de| 
of  a  higher  order  than  the  plus  sign,  namely,  of  the  oxide  with  the  acid  i 
salt,  while  the  comhination  of  the  two  salts  themselves  is  expressed  by  the  sig 
The  small  figures  in  the  preceding  formulje  affect  only  the  symbol  or  U 
which  they  are  immediately  attached.  Larger  figures  placed  before  and  in  tb 
line  with  the  symbols  apply  to  the  compound  expressed  by  the  symbols. 
8  S  Os,  means  three  equivalents  of  sulphuric  acid ;  2  Pb  0,  two  equivalenta  a 
of  lead.  But  the  interposition  of  the  comma  or  plus  sign  prevents  the  infloe 
the  figure  extending  farther,  thus 

2  Pb  0,     Cr  Oa,  or 
2PbO  +  Cr03, 

is  two  proportions  of  oxide  of  lead,  and  one  of  chromic  acid,  or  the  sub-ch 
of  lead.  To  make  the  figure  apply  to  symbols  which  are  separated  by  the  < 
or  plus  sign,  it  is  necessary  to  enclose  all  that  is  to  be  affected  within  br 
and  place  the  figure  before  them.     Thus, 

2  (Pb  0,  Cr  O3) 

means  two  proportions  of  neutral  chromate  of  lead.     The  following  formnlsd 
double  salts  with  their  water  of  crystallization,  exhibit  the  application  of 
rules : — 

Lron-alum,  or  the  sulphate  of  peroxide  of  iron  and  potash : 

KO,  SOj+Fcj  0„  3  S08+24  HO 

Oxalate  of  peroxide  of  iron  and  potash : 

3  (K  0,  Ca  03)+ Fe,  O3,  3  Cg  O3+6  HO. 

It  will  be  found  to  conduce  to  perspicuity,  to  avoid  either  connecting  two  foi 
of  different  substances  not  in  combination,  by  the  sign  plus,  or  allowing  then 
separated  merely  by  a  comma,  as  the  plus  and  comma  between  symbols  or  fa 
are  conventionally  understood  to  unite  the  formuke  into  one,  and  to  express  < 
nation ;  and  indeed  it  is  advisable  to  write  every  complete  formula  apart;  an 
line  by  itself,  if  possible. 

The  only  other  circumstance  to  be  attended  to  in  the  construction  of  such  foi 
is  the  arrangement  of  the  symbols  or  letters,  which  is  not  arbitrary.  In  nan 
binary  compound,  such  as  oxide  of  iron,  chloride  of  potassium,  &c.,  we  ann 
first  the  oxygen  or  element  most  resembling  it  in  the  compound ;  that  is,  the  e 
negative  inCTcdient ;  but  in  the  formulse  of  the  same  bodies,  it  is  the  other  • 
electro-positive  element  which  is  placed  first,  as  in  Fe  0,  and  K  CI.  In  the  foi 
of  salts,  it  is  likewise  the  basic  oxide  or  electro-positive  constituent  which  is  ] 
first,  and  not  the  acid.  Thus  the  sulphate  of  potash  is  K  0,  S  O3,  and  not  S  0^ 
Information  respecting  the  constitution  of  a  compound  may  often  be  expressed 
formula,  by  attending  to  this  rule.  Thus  sulphuric  acid  of  specific  gravity  1 
contains  two  proportions  of  water  to  one  of  acid,  but  by  giving  to  it  the  foU 
formula : 

HO,  SOa-fHO, 

we  express  that  one  proportion  only  of  water  is  combined  as  a  base  with  the 
and  that  the  second  proportion  of  water,  the  formula  of  which  follows  that  c 
acid,  is  in  combination  with  this  sulphate  of  water. 

The  above  system  of  notation  is  complete,  and  sufficiently  convenient  for  ] 
senting  all  binary  compounds,  and  compounds  belonging  to  the  organic  depaxi 
of  the  science,  in  the  formuks  of  which  the  ultimate  elements  only  are  expn 
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But  when  salts  and  double  salts  are  expressed;  the  formulse  sometimes  become  in- 
oonTenicntlj  long.  They  may  often  be  greatly  abbreviated,  and  made  more  distinct, 
by  expressing  each  equivalent  of  oxygen  in  an  oxide  or  acid,  by  a  point  placed  ovei 
the  symbol  of  the  other  element^  thus : 

• 

Protoxide  of  iron,  Fe. 

Sulphuric  acid,  S. 

Crystallized  sulphate  of  protoxide  of  iron,  Fe  S,  H+6H. 

Alum,  KS,  Ai'AlS,+24H. 

Felspar,  K  Si,  AlAl  Si,. 

Oxakte  of  peroxide  of  iron  and  potash,  3K  CC  +  Fo  Fe,  3CC+6H. 

Such  formuliB  are  more  compact,  and  more  easily  compared  with  each  other,  the 
relation  between  the  mineral  felspar  and  alum  without  its  water  of  crystallization, 
being  seen  at  a  glance  on  thus  placing  their  formulsB  together ;  the  one  having  the 
symbol  for  silicium,  the  other  that  for  sulphur,  but  everything  ebe  remaining  the 
same.  This  abbreviated  plan  also  exhibits  more  distinctly  the  relation  between  the 
equivalents  of  oxygen  in  the  different  constituents  of  a  salt,  which  is  always  im- 
portant. 

It  is  to  be  observed,  that  the  oxygen  expressed  by  the  points  placed  over  a  letter 
is  brought  under  the  influence  of  the  small  figure  attached  to  that  letter :  as,  for 
example,  S3  in  the  preceding  formula  of  alum,  means  three  equivalents  of  sulphuric 
acid ;  so  that  this  sign  has  the  same  value  as  if  it  were  written  3  S. 

Equivalents  of  sulphur  arc  likewise  sometimes  expressed  by  commas  placed  over 
other  symbols,  as  the  trito-sulphuride  of  arsenic  by  As;  but  such  compounds  are 
not  of  constant  occurrence  like  the  oxides,  and  do  not  create  the  same  necessity  for 
A  new  and  arbitrary  symbol.  A  compound  body,  such  as  cyanogen,  which  combines 
with  a  numerous  series  of  other  bodies,  is  often  for  brevity  expressed  by  the  initial 
letter  or  letters  of  its  name, 


Cyanogen  Cy, 

Ethyl E; 

and  the  organic  acids  are  sometimes  expressed  by  a  letter  in  the  same  way,  but  with 
the  minus  sign  ( — )  placed  over  it :  thus — 

Acetic  acid,  by  X, 
Tartaric  acid,  by  T. 

But  arbitrary  characters  of  this  kind  will  always  be  explained  on  the  occasion  of 
their  introduction. 

SECTION  IL  —  COMBININQ  PROPORTIONS. 

All  analyses  prove  that  the  composition  of  bodies  is  fixed  and  invariable :  100 
parts  of  water  are  uniformly  composed  of  11.1  parts  by  weight  of  hydrogen,  and 
88.9  parts  of  oxysen,  its  constituents  never  varying  either  in  nature  or  proportion. 
This  and  other  substances  may  exist  in  an  impure  condition,  from  an  admixture  of 
foreign  matter,  but  their  own  composition  remains  the  same  in  all  circumstances. 
It  is  this  constancy  in  the  composition  of  bodies  which  gives  to  chemical  analyses 
all  their  value,  and  rewards  the  vast  care  necessarily  bestowed  upon  their  execution. 

Ad  examination  of  the  composition  of  a  class  of  bodies,  such  as  the  oxides,  con- 
taining an  element  in  common,  shows  that  any  one  element  unites  with  very  different 
quantities  of  the  other  elements.  Thus  in  each  of  the  five  oxides  of  which  the 
oompositioQ  is  given  on  page  112,  the  oxygen  and  other  constituents  appear  id  a 
difiorent  rehtion  to  each  other : 


1 


112 
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Composition  of  Oxides. 


Water. 

Oxide  of  Copper. 

Oxide  of  Zinc. 

Oxide  of  Lead. 

Oxide  «| 

Oxygen ...  88.9 
Hydrogen  11.1 

100 

Oxygen....  20.2 
Copper  ....  79.8 

100 

Oxygen...  19.1 
Zinc  80.9 

Oxygen   ...  7.2 
Lead 92.8 

100 

Oxygen^ 
Silver  ^ 

■1 

100 

But  the  relation  between  the  oxygdh  and  the  other  constituent  in  these  oi| 
be  seen  more  distinctly  by  stating  their  composition  in  such  a  way  as  to  j 
oxygen  expressed  by  the  same  number  in  every  case,  or  made  equal  to  1 
Thus:  : 

Composition  of  Oxides.  ' 


Water. 

Oxide  of  Copper. 

Oxide  of  Zinc. 

Oxide  of  Lead. 

Oxide  d 

Oxygen .  100 
Hydrogen  12.5 

112.6 

Oxygen 100 

Copper 896 

496 

Oxygen  ...  100 
Zinc 400 

506 

Oxygen  ...  100 
Lead  1294 

1394 

Oxygen  4 
Silver  .•« 

From  which  it  follows,  that — 

12.5  parts  of  hydrogen, 
896     parts  of  copper, 
406 

1294 

1350 


parts  of  zinc, 
parts  of  lead, 
parts  of  silver, 

combine  with  100  parts  of  oxygen. 


These  numbers  prove  to  bo  in  some  degree  characteristic  of  th^  subi 
which  they  are  here  attached,  for  when  the  composition  of  the  sulphiA 
same  substances  is  examined,  it  is  found  that  exactly  corresponding  qum 
hydrogen,  copper,  &c.  likewise  combine  with  one  and  the  same  quantity  of 
although  not  with  100  parts  of  that  element  as  of  oxygen.  The  conclui 
an  examination  of  the  sulphides  is,  that — 

12.5  parts  of  hydrogen, 
390      parts  of  copper, 
406      parts  of  zinc, 
1294      parts  of  lead, 
1350      parts  of  silver, 

combine  with  200  parts  of  sulphur. 

An  examination  of  the  chlorides  of  the  same  five  elements  likewise  proyv 

12.5  parts  of  hydrogen, 
396     parts  of  copper, 
406     parts  of  zinc, 
1294     parts  of  lead, 
1350     parts  of  silver, 

combine  with  443.75  parts  of  chlorine. 

Hydrogen,  copper,  &c.,  are  indeed  found  to  unite  in  the  proportions  repeat 
with  a  certain  or  constant  quantity  of  all  other  elements;  as,  for  example^ 
brominCf  with  1580  iodine,  &c. 

On  extending  the  inquiry  to  other  substances,  it  appears  that  for  each  c 
number  may  be  found  which  expresses  in  like  manner  the  proportion  in  w 
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■abstance  unites  with  100  parts  of  oxygen,  200  of  sulphur,  443.73  of  chlorine,  &c. 
These  numbers  constitute  the  combining  proportions,  or  equivalent  quantities  of 
bodies,  which  are  introduced  in  the  table  of  the  names  of  the  elements  at  the  begin- 
ning of  this  chapter,  and  which  are  the  quantities  understood  to  be  expressed  by  the 
chemical  symbols  of  these  bodies. 

Any  series  of  numbers  may  be  chosen  for  the  combining  proportions,  provided  the 
true  relation  between  them  is  preserved,  as  in  the  first  series  of  number^giveii  in  the 
same  table,  which  are  all  12 1  times  less  than  the  numbers  of  the  second  series. 
Hydrogen  is  reduced  from  12.5  to  1,  oxygen  from  100  to  8,  sulphtlr  from  200  to  16 : 
altered  in  the  same  proportion,  copper  becomes  31.66,  zinc  32.52,  lead  103.56,  and 
eilYcr  108.  This  series,  or  the  hydrogen  scale,  is  recommended  by  the  circumstance 
that  its  numbers  are  smaller  and  more  easily  recollected  than  those  of  the  other,  or 
oxygen  scale.  The  equivalents  of  several  of  the  most  important  elements  are  now 
also  generally  allowed  to  be  the  exact  multiples  of  the  equivalent  of  hydrogen,  so 
that  the  equivalent  of  the  latter  element  being  1,  the  equivalents  of  the  former  are 
accurately  expressed  by  entire  numbers;  —  carbon  by  6,  oxygen  by  8,  nitrogen  by 
14,  sulphur  by  16,  and  iron  by  28. 

Having  reference  to  the  oxygen  series,  it  is  said,  in  general  terms,  that  the  com- 
bining proportion  of  a  simple  substance  represents  the  quantity  of  that  substance 
which  combines  with  100  parts  of  oxygen  to  form  a  protoxide.  On  the  hydrogen 
scale,  which  I  shall  adopt,  the  definition  of  a  chemical  equivalent,  or  combining  pro- 
portion becomes  as  follows : —  The  combining  proportion  of  a  simple  substance  repre^ 
sents  the  quantity  of  thai  substance  which  unites  with  8  parts  of  oxygen  to  form  a 
protoxide. 

The  first  law  of  combination  is,  that ''  bodies  unite  with  each  other  in  their  com- 
bining proportions  only,  or  in  multiples  of  them,  and  in  no  intermediate  proportions.'' 
This  law  may  be  illustrated  by  the  compounds  of  nitrogen  and  oxygen,  which  are 
five  in  number,  and  are  composed  as  follows : — 

Protoxide  of  nitrogen nitrogen  14,  oxygen  8. 

Deutoxide  of  nitrogen nitrogen  14,  oxygen  16. 

Nitrous  acid nitrogen  14,  oxygen  24. 

Peroxide  of  nitrogen nitrogen  14,  oxygen  32. 

Nitric  acid nitrogen  14,  oxygen  40. 

The  first  compound  consists  of  a  single  combining  proportion  of  each  of  its  consti- 
tuents. But  in  the  other  compounds,  a  single  proportion  of  nitrogen  is  unifed  with 
quantities  of  oxygen  which  correspond  exactly  with  two,  three,  four,  and  five  com- 
bining proportions  of  that  element.  In  the  greater  number  of  binary  compounds 
one  of  the  constituents  at  least  is  present  in  the  proportion  of  a  single  equivalent, 
like  the  nitrogen  in  this  series,  while  the  other  constituent,  generally  the  oxygen  in 
oxides,  and  the  electro-negative  element  in  other  compounds,  is  present  in  a  multiple 
of  its  combining  proportion.  But  the  number  of  equivalents  which  may  eAter  into 
a  compound  is  subject  to  considerable  variation,  as  will  appear  from  the  following 
examples: — 

One  eq.  of  oxygen  -f'  ^®  ^4*  ^f  hydrogen,  forms  water. 

Two  *'  oxygen  4*  ^^^     **  hydrogen,  form  peroxide  of  hydrogexL 

One  «•  oxygen  -j-  Two     "  copper,    forms    saboxide  of  copper. 

One  **  sulphur  4~  Three  **  oxygen,       **        sulphuric  acid. 

Two  *'  sulphur  4'  '^'^^     **  oxygen,    form    hyposulphurous  acid. 

Two  **  iron  4"  Three  "  oxygen,       ••        peroxide  of  iron. 

Two  "  aulphur  4"  ^▼^     "  oxygen,       "        hyposulphuric  acid. 

Two  **  manganese  4"  Seven  **  oxygen,       «        hypermanganic  acid. 

Representing  the  constituents  of  a  binary  compound  by  A  and  B,  the  last  being 

the  oxygen  or  electro-negative  constituent,  the  most  frequent  combinations  are-— 

A+B,  A-+-2B,  A-i-3B,  and  A-f  5B.     The  combination  of  2A+3B,  is  not  unfre- 

qnent^  but  2A+By  A-h4B,  A+TB,  2A+2B,  or  2A+5B,  are  of  comparatively 
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rare  occurrence.  Combination  between  two  elements  is  not  known  to  occur! 
complicated  ratios  than  the  preceding,  if  the  compounds  of  carbon  and  hydi 
excepted,  which  are  numerous,  and  exhibit  great  diversity  of  composition,  j 
compounds  of  organic  chemistry  generally,  to  which  they  properly  oelong. 

Combination  likewise  takes  place  among  bodies  which  are  themselves  coi 
in  proportional  quantities,  which  are  fixed  and  determined  by  the  law,  tl 
combining  number  of  a  compound  body  is  always  the  sum  of  the  combining  i 
of  its  constituents.'^  Thus  oil  of  vitriol,  which  contains  water  and  sulphv 
is  composed  of  these  bodies  in  the  proportion  of — 

Water 9 

Sulphuric  acid 40 

in  which  the  combining  proportion  of  the  water  (9)  is  the  sum  of  the  eqi 
of  its  constituents ;  namely,  of  oxygen  8,  and  of  hydrogen  1 ;  and  that  of  8 
acid  (40),  of  those  of  sulphur  16,  and  of  oxygen  24 ;  there  being  three  pn 
of  oxygen  in  sulphuric  acid.  The  combining  proportion  of  oxide  of  zinc  I 
the  sum  of  oxygen  8,  and  zinc  32.52 ;  and  the  compound  of  this  oxide  1 
phuric  acid;  or  we  salt^  sulphate  of  zinc,  consists  of — 

Oxide  of  zinc 40.52 

Sulphuric  acid 40. 

80.52 

Of  potash,  the  combining  proportion  is  47 ;  or  oxygen  8,  added  to  potaaa 
and  to  this  proportion  of  potash  the  usual  proportion  of  sulphuric  acid  is  sM 
the  sulphate  of  potash,  which  is  composed  of — 

Potash 47 

Sulphuric  acid 40 

87 

Of  these  salts  themselves,  the  combining  proportions  ought  to  be  the  sums 
by  the  addition  of  the  numbers  of  their  constituents ;  and  accordingly  th 
sulphate  of  zinc  and  potash  consists  of — 

Sulphate  of  zinc 80.52 

Sulphate  of  potash 87 

167.62 

Of  nitric  acid  the  constituents  are  one  eq.  of  nitrogen  14,  and  five  of  ox 
making  together  54,  which  is  the  combining  proportion  of  Uiat  acid,  and  is 
unite  with  9  water,  with  40.52  oxide  of  zinc,  and  with  47  potash ;  or  with 
quantities  of  these  oxides  as  combine  with  40  sulphuric  acid.  Carbonic  aci< 
posed  of  one  proportion  of  carbon  6,  and  two  proportions  of  oxygen  16,  8> 
combining  number  is  22;  in  which  proportion  it  unites  with  47  potash 
carbonate  of  potash.  The  equivalent  quantities  of  all  other  acids  and  bat 
spend  in  like  manner  with  the  numbers  deducible  from  their  composition, 
the  law  is  found  to  hold  in  compounds  of  every  class  and  character,  and 
they  contain  few  or  many  equivalents  of  their  elements. 

Compound  bodies  likewise  unite  among  themselves  in  multiples  of  their  c< 
proportions,  as  well  as  in  single  equivalents.  Thus  47  potash  combine  wi 
chromic  acid,  and  with  double  that  quantity,  or  104.30,  chromic  acid,  to  ; 
yellow  and  red  chromates  of  potash;  the  first  containing  one  equivalent, 
second  two  equivalents  of  acid.  The  occurrence  of  multiple  proportions 
illustrated  by  Dr.  Wollaston  in  the  carbonate  and  bicarbonate  of  potash, 
tity  of  the  latter  salt  being  divided  into  equal  parts,  one-half  was  exposed 
heat,  by  the  efifect  of  which  the  salt  lost  some  carbonic  acid  and  became  nei 
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bonatc ;  and  both  portions  being  afterwards  decomposed  by  an  acid,  the  salt  in  its 
original  condition  was  found  to  afford  a  measure  of  carbonic  acid  gas  exactly  double 
of  that  yielded  by  the  portion  exposed  to  the  high  temperature.  By  experiments 
equally  simple  and  convincing,  he  proved  that  in  the  three  salts  formed  by  oxalic 
icid  and  potash,  the  quantities  of  acid  which  combine  with  the  same  quantity  of 
alkali  are  rigorously  among  themselves  as  the  numbers  1,  2,  and  4.  The  compo- 
sition of  all  other  super  and  sub-salts  is  found  to  be  in  conformity  with  the  same 
law,  one  of  the  constituents  being  always  present  in  the  proportion  of  two  or  more 
equivalents. 

The  combining  proportions  of  compound  bodies  depend  entirely,  therefore,  upon 
those  of  their  constituents,  or  upon  the  equivalents  of  the  elementary  bodies.  The 
mode  of  determining  these  fundamental  equivalents  generally  consists,  as  may  be 
anticipated,  in  ascertaining  the  quantity  of  any  element  which  exists  united  with  8 
parts  of  oxygen  in  the  protoxide  of  that  element,  which  quantity  is  viewed  as  a  single 
equivalent.  Thus,  of  hydrogen  apd  lead,  the  protoxides  are  water  and  litharge,  in 
which  respectively  8  oxygen  are  associated  with  1  hydrogen  and  103.56  lead,  which 
numbers  are  therefore  single  equivalents  of  these  elementary  substances.  But  the 
difficulty  still  remains  to  know  what  is  a  protoxide ;  for  the  rule  is  not  followed  in 
all  coses  to  consider  that  oxide  of  an  element  as  the  protoxide  which  contains  the 
least  proportion  of  oxygen.  When  only  one  oxide  is  known,  it  is  presumed  to  be  a 
protoxide,  and  composed  of  single  equivalents,  unless  it  corresponds  in  properties 
with  a  higher  degree  of  oxidation  of  some  other  element ;  and  of  several  oxides  of 
the  same  element,  that  containing  least  oxygen  is  viewed  as  the  protoxide,  unless  a 
higher  oxide  has  better  claims  to  be  considered  as  such.  Hence  magnesia  and  oxide 
of  zinc  being  the  only  oxides  of  magnesium  and  zinc  known,  are  protoxides ;  and 
water,  litharge,  potash,  soda,  lime,  and  protoxide  of  iron,  which  are  all  the  lowest 
oxides  of  different  metals,  are  admitted  without  objection  to  be  protoxides,  and  be- 
come standards  of  comparison  for  this  class  of  bodies ;  while  alumina,  the  only  oxide 
of  aluminum,  differing  entirely  from  the  protoxide  of  iron,  but  closely  resembling 
the  peroxide  of  that  metal,  is  considered  a  peroxide  of  similar  constitution,  or  to  con- 
tain three  equivalents  of  oxygen  and  two  of  metal.  Now  in  alumina  24  oxygen,  or 
three  ecjuivalents,  are  united  with  27.38  aluminum,  one-half  of  which  number,  or 
13. GO,  is  therefore  the  equivalent  of  aluminum.  The  true  protoxide  of  aluminum, 
if  it  is  capable  of  existing,  still  remains  to  be  discovered.  The  green  oxide  of  chro- 
mium, which  was  till  lately  the  lowest  degree  of  oxidation  known  of  that  metal,  was 
notwithstanding  considered  a  peroxide,  being  analogous  to  alumina  and  the  peroxide 
of  iron.  On  the  other  hand,  the  second  degree  of  the  oxidation  of  copper,  or  the 
black  oxide,  and  not  the  first  degree  of  oxidation  of  that  metal,  must  be  viewed  as 
the  protoxide,  or  as  composed  of  single  equivalents,  from  its  correspondence  with  the 
protoxide  of  iron  and  a  large  class  of  admitted  protoxides.  The  lower  degree  of 
oxidation  of  copper  or  the  red  oxide,  which  contains  only  half  the  proportion  of 
oxygen  in  the  black  oxide,  comes  therefore  to.be  considered  a  suboxide;  a  com- 
pound of  two  equivalents  of  metal  and  one  of  oxygen.  For  reasons  somewhat  similar, 
the  higher  of  the  two  grades  of  oxidation  of  mercury,  or  the  red  oxide  of  that  metal, 
18  now  generally  received  as  the  protoxide,  and  the  ash-coloured  oxide  reputed  a 
Boboxide.  These  suboxides  of  mercury  and  copper  are  capable  of  combining  with 
acids,  but  they  are  the  only  suboxides  which  possess  that  property.  It  is  the  cha- 
racter of  metallic  protoxides  to  form  .salts  with  acids;  and  of  several  oxides  of  the 
same  metal,  the  protoxide  is  always  the  most  powerful  base. 

Bodies  hkewise  replace  each  other  in  combination,  in  equivalent  quantities. 
Thus  in  the  decomposition  of  water  by  chlorine,  which  occurs  in  certain  circum- 
stances, 35.5  parts  of  chlorine  unite  with  1  hydrogen  or  one  equivalent  of  that  body, 
to  form  hydrochloric  acid,  and  displace  at  the  same  time  and  liberate  8  parts  of 
oxygen.  Hence  the  number  35.5  represents  the  combining  proportion  of  chlorine, 
which  is  equivalent  in  combination  to,  or  can  be  substituted  for,  8  oxygen.  Again, 
in  decomposing  hydriodic  acid,  35.5  chlorine  unite  with  1  hydrogen,  and  liberate 
126.36  iodine^  which  proportion  of  iodine  may  again  acquire  1  hydrogen,  by  decom- 
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posing  sulphuretted  hydrogen,  and  set  free  16  sulphur.  Henc«  126.86  an 
the  equivalent  quantities  of  iodine  and  sulphur^  which  take  the  place  of  35.5 
or  8  oxygen  in  combination  with  1  hydrogen. 

When  32.52  grains  of  zinc  are  introduced  into  a  solution  of  nitrate  of  cop] 
dissolve,  acquiring  8  oxygen  and  54  nitric  acid,  and  become  nitrate  of  zii 
31.66  parts  of  metallic  copper  are  deposited,  which  had  previously  been  in 
of  nitrate,  and  in  combination  with  the  above-mentioned  quantities  of  ox; 
citric  acid,  and  the  solution  remains  otherwise  unaltered.  Zinc  throws  don 
all  the  metals  from  their  solutions  in  acids  in  the  same  manner,  and  if  the 
of  this  substance  introduced  into  the  solutions,  and  dissolved,  be  a  combii 
portion,  as  in  the  instance  given,  the  quantities  of  the  metals  precipitated 
be  combining  proportions  of  those  metals.  The  quantity  of  zinc  employee 
varied,  but  the  quantity  of  other  metal  precipitated  will  still  be,  to  the  qu 
zinc  dissolved,  in  the  ratio  of  the  combining  numbers  of  the  two  metals 
copper,  tin,  or  any  other  metal,  when  it  acts  like  zinc  as  a  precipitant, 
throws  down  equivalent  quantities  of  other  metals,  and  takes  their  place  in 
existing  compound.  This  substitution  of  one  metal  for  another,  in  a  sal 
pound,  without  any  change  in  the  character  of  the  compound,  shows  how  j 
combining  proportions  of  bodies  are  termed  their  equivalent  quantities  or  eqi 
The  metal  displaced,  and  that  substituted  for  it,  have  evidently  the  same 
the  construction  of  the  compound,  and  are  truly  equivalent  to  each  other. 

The  equivalent  proportions  of  such  oxides  as  are  bases  are  ascertained  b 
what  quantity  of  each  satuf^tes  the  known  combining  proportion  of  an  acid 
to  saturate  40  parts,  or  a  combining  proportion  of  sulphuric  acid,  the  foUo' 
portions  of  dififercnt  bases  are  requisite,  and  are  equivalent  in  producing  thx 

Magnesia 20.67 

Lime 28 

Soda 31 

Protoxide  of  manganese 35.67 

Potassa 47 

Strontia 51.84 

Baryta 76.64 

Protoxide  of  lead 111.56 

Oxide  of  silver 116 

The  addition  of  these  bodies  to  sulphuric  acid  in  the  above  proportions 
its  sour  taste  and  other  properties  as  an  acid,  of  which  one  of  the  most  chai 
is  that  of  reddening  certain  vegetable  blue  colours,  such  as  litmus.  The  ac 
to  be  neutralized  or  saturated,  and  the  product  or  compound  formed  is  a  nei 
which  does  not  alter  the  blue  colour  of  litmus.  Of  the  bases  mentioned, 
has  the  greatest  saturating  power,  and  oxide  of  silver  the  least  3  the  prop 
these  bases  necessary  to  saturate  the  same  quantity  of  sulphuric  acid  being 
the  former,  and  116  of  the  latter. 

Conversely,  the  equivalent  proportions  of  acids  are  the  quantities  which  1 
the  known  equivalent  of  any  base  or  alkali.  Thus  47  parts  of  potassa,  • 
bining  proportion,  is  deprived  of  its  alkaline  properties, — of  which  the  moe 
are  its  caustic  taste  and  power  to  restore  the  blue  colour  of  reddened  litn: 
the  following  proportions  of  dififercnt  acids,  and  a  neutral  compound  or  salt 
in  every  case  : — 

Sulphurous  acid 32 

Sulphuric  acid 40 

Hydrochloric  acid 36.5 

Nitric  acid 54 

Chloric  acid 75.5 

Hyperchloric  acid 91.5 

Iodic  acid 166.36 

Hyperiodic  acid 182.36 
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It  thus  appears  that  the  acids  differ  as  widely  among  themselves  in  their  equivalent 
quantities  as  the  bases  do.  The  equivalent  of  either  an  acid  or  base  thus  deduced 
from  its  nentralizine  power  is  always  the  same  as  that  indicated  by  its  composition, 
namely  the  sum  of  the  equivalent  numbers  of  its  constituents.  As  the  bases  which 
saturate  acids  fully  are  all  protoxides,  it  also  necessarily  follows  tliat  100  parts  of 
oxygen  are  always  contuned  in  the  proportion  of  base  which  neutralizes  the  equiva- 
lent of  an  acid. 

The  equivalents  of  both  acids  and  bases  are  likewise  observed  in  those  decompo- 
mtions  in  which  one  acid  is  substituted  for  another  acid  in  combination,  or  one  base 
for  another  base.  Thus  an  equivalent  of  sulphuric  acid  is  found  to  disengnge  the 
equivalent  quantity  exactly  of  sulphurous  acid  from  the  sulphite  of  soda,  of  nitric 
acid  from  the  nitrate  of  potash,  or  of  hydrochloric  acid  from  the  chloride  of  .sodium, 
and  to  replace  it  in  combination  with  the  base,  forming  in  every  case  a  neutral  sul- 
phate. An  equivalent  of  potash  separates  in  like  manner  an  equivalent  of  magnesia, 
of  lime,  of  barytes,  or  of  protoxide  of  lead,  from  its  combination  with  an  acid.  The 
proportion  of  acid  or  base  necessary  to  produce  a  certain  amount  of  decomposition 
may  therefore  be  calculated  from  a  knowledge  of  the  equivalents  of  bodies;  and 
each  knowledge  comes  to  be  of  the  most  frequent  and  valuable  application  for  prac- 
tical purposes. 

But  the  substitution  of  equivalent  quantities  of  different  bodies  for  one  another  is 
moet  strikingly  exhibited  in  the  decompositions  which  follow  the  mixture  of  certain 
neutral  salts.  An  equivalent  of  sulphate  of  magnesia  being  mixed  with  an  equiva- 
lent of  nitrate  of  barytes,  the  two  bases  exchange  acids,  the  original  salts  disappear 
completely,  and  two  new  salts  are  produced — the  sulphate  of  barytes,  which  is  inso- 
luble and  precipitates,  and  the  nitrate  of  magnesia,  which  remains  in  solution ;  as 
represented  in  the  following  diagram,  in  which  the  equivalent  quantities  are  ex- 
pressed:— 

Before  decomposition.  After  decomposition. 

60.C7  sulphate  ofl  20.67  magnesia — -^  74.C7  nitrate  of 

magnesia. j  40  sulphuric  acid ,**'  magnesia. 


,# 


130.04  nitrate  of)  54  nitric  acid ^ 

barytes j  76.64 ,..  ^"^^  110.64  sulphate 

of  barytes. 

After  a  double  decomposition  of  this  kind,  the  liquid  remains  neutralf  or  there  is 
no  redundancy  of  either  acid  or  base ;  because  each  of  the  new  salts  is  composed  of 
a  single  equivalent  of  acid  and  of  base,  like  the  salts  from  which  they  are  formed. 
If  one  of  the  salts  be  added  in  a  larger  proportion  than  its  equivalent  quantity,  the 
exooss  does  not  interfere  with  the  d^om position,  and  remains  itself  unaffected,  the 
decomposition  proceeding  no  farther  than  the  equivalents  present.  Hence  the 
gcnend  observation,  that  neutral  salts  continue  neutral  after  decomposition,  in  what- 
ever proportions  they  may  be  mixed. 

But  the  modes  of  fixing  the  equivalent  numbers  which  have  been  stated  are  inap- 
plicable to  several  elementary  bodies;  such  as  nitrogen,  phosphorus,  carbon,  boron, 
and  some  metals  of  which  the  protoxides  are  not  bases,  and  are  uncertain.  Nitrogen 
enters  into  nitric  acid,  of  which  acid  it  is  known  that  the  equivalent  is  54,  and  that  it 
contains  five  equivalents  or  40  parts  of  oxygen,  and  consequently  14  parts  of  nitrogen. 
It  is  doubtful,  however,  whether  14  represents  one  or  two  equivalents  of  nitrogen. 
But  the  equivalent  of  ammonia  likewise  contains  14  nitrogen,  and  a  less  proportion 
b  never  found  in  the  equivalent  of  any  other  compound  into  which  that  element 
enters.  The  number  14  is,  therefore,  the  least  combining  proportion  of  nitrogen, 
and  must  on  that  account  be  taken  as  one  equivalent.  The  equivalent  of  phos- 
phorus can  be  shown  on  the  same  principle  to  be  32,  that  of  arsenic  75,  and  that 
of  antimony  129,  as  given  in  the  tables,  and  not  the  halves  of  these  numbers,  as 
oflten  estimated.  These  three  bodies  agree  with  nitrogen  in  their  chemical  relations, 
and  the  nombeiB  leoommended  represent  the  quantities  which  replace  14  of  nitrogen 


1 

118  COMBINING    PROPORTIONS.  I 

in  analogous  compounds.  The  equivalent  of  carbon  may  be  deduced  from  the  ] 
equivalent  of  its  compound,  carbonic  acid :  but  the  equivalents  of  boron  and  ai 
cannot  be  fixed  upon  with  the  same  certainty^  owing  to  the  doubt  which  haii| 
the  equivalents  of  boracic  and  silicic  acids. 

Of  the  facts  which  involve  the  principle  of  combination  in  definite  and  cqui 
proportions,  the  last  mentioned  appears  to  have  been  the  first  observed  and  expl 
Wenzol,  of  Freiberg  in  Saxony,  so  far  back  as  1777,  made  an  analysis  of  i 
variety  of  salts  with  surprising  accuracy,  which  enabled  him  to  perceive  th 
neutrality  which  is  observed  after  the  reciprocal  decomposition  of  neutral  ai 
pends  upon  this, — that  the  quantities  of  different  acids  which  saturate  an 
weight  of  one  base  will  also  saturate  equal  weights  of  any  other  base. 

Kichter  of  Berlin  confirmed  and  extended  the  observations  of  Wenzel,  att 
proportional  numbers  to  the  acids  and  bases,  and  remarking  for  the  first  tin 
the  neutrality  does  not  change  during  the  precipitation  of  metals  by  each  oth< 
also  that  the  proportion  of  oxygen  in  the  equivalents  of  bases  is  the  same  in  i 
may  be  represented  by  100  parts.     But  the  first  foundations  of  a  complete 
of  equivalents,  embracing  both  simple  bodies  and  their  compounds,  were  1 
Dalton,  at  the  same  time  that  he  announced  his  atomic  theory.     (New  Sya 
Chemical  Philosophy,  1807).     The  observ'ation  that  the  equivalent  of  a  con 
body  is  the  sum  of  the  equivalents  of  its  constituents,  and  the  discovery  of 
nation  in  multiple  proportions,  are  peculiarly  his.    Dr.  Wollaston  afterwards  a 
the  more  important  equivalents  to  the  common  sliding  rule  of  Gunter,  by  m< 
which,  proportions  can  be  observed  without  the  trouble  of  calculation.     This 
ment,  which  is  known  under  the  name  of  the  scale  of  chemical  equivalents^ 
buted  largely  to  the  diffusion  of  the  knowledge  of  the  proportional  numbera 
not  itself  of  much  practical  value. 

The  numerical  accuracy  of  the  equivalents  assigned  to  bodies  depends  < 
upon  the  exactness  of  the  chemical  analyses  from  which  they  are  deduced 
generally  received  series  of  numbers,  which  is  adopted  in  this  work,  was  dn 
by  Berzelius  from  data  supplied  in  a  great  measure  by  himself.  The  consid 
of  the  laws  of  Wenzel  and  Bichter,  which  were  long  overlooked  or  misund< 
was  revived  by  him,  and  by  a  series  of  analytical  researches  unrivalled  for  tl 
tent  and  accuracy  he  first  impressed  upon  chemistry  the  character  of  a  soil 
number  and  quantity,  which  is  now  its  highest  recommendation.  Several  ( 
selius's  numbers  received  a  valuable  confirmation  from  Dr.  Turner,  whose  ii 
were  especially  directed  to  test  an  hypothesis  respecting  them  proposed  ai 
maintained  by  Dr.  Prout;  namely,  that  the  equivalents  of  all  the  eleme; 
multiplies  of  the  equivalent  of  hydrogen,  and  consequently  if  that  equiva! 
made  equal  to  1,  all  the  others  will  be  whole  numbers.  (Phil.  Trans.  1833,  i 
Dr.  Penny  took  a  part  in  the  same  inquiry,  (Ibid.  1839,  p.  13).  More  lateJ 
rious  researches  have  been  undertaken  with  the  same  object  by  Dumas,  Mf 
Pclouzc,  and  others,  whose  results  are  quoted  under  the  table  of  equivalei 
appears  to  be  definitively  settled  that  the  equivalents  of  the  elements  are  no 
out  exception,  multiples  of  the  equivalent  of  hydrogen.  The  number  for  c 
(35*5)  is  conclusive  against  that  hypothesis.  At  the  same  time,  the  accural 
minations  of  the  equivalents  of  chlorine,  silver,  and  potassium,  by  Maumin 
positive  support  to  the  opinion  that  these  and  all  other  equivalents  are  multi 
half  the  equivalent  of  hydrogen.  So  do  the  recent  determinations  of  carl 
hydrogen  in  reference  to  oxygen,  and  those  of  nitrogen,  sodium,  iron,  and  c 
The  number  for  lead  also,  upon  the  determination  of  which  extraordinary  pal 
been  bestowed  by  Berzelius  at  different  times,  namely  103*56,  is  favourable 
aamo  view.  Now  these  are  the  equivijents  upon  which,  above  all  others,  oui 
ledge  is  most  precise  and  certain. 

Might  not,  therefore,  the  equivalent  of  hydrogen  be  divided  by  two,  bj 
chlorine  would  become  71  and  lead  207,  hydrogen  being  1  ?  The  multiple  i 
would  not,  however,  be  established  by  dividing  the  equivalent  of  hydrogen, 
is  justly  observed  by  Berzelius,  the  chemical  reasons  which  are  adduced  i 
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divisioii  of  the  equivalent  of  hydrogen  apply  with  equal  force  to  the  equivalent  of  chlo- 
rine, and  the  one  cannot  be  divided  without  dividing  the  other.  The  equivalent  of 
dilorino  would,  therefore,  still  remain  a  multiple  of  half  the  equivalent  of  hydrogen. 

SECTION  in.  —  ATOMIC  THEORY. 

The  laws  of  combination,  and  the  doctrine  of  equivalents,  which  have  just  been 
considered,  are  founded  upon  experimental  evidence  only,  and  involve  no  hypothesis. 
The  most  general  of  these  laws  were  not  however  suggested  by  observation,  but  by 
a  theory  of  the  atomic  constitution  of  bodies,  in  which  they  are  included,  and  which 
affords  a  luminous  explanation  of  them.  The  partial  verification  which  this  theory 
has  received  in  the  establishment  of  these  laws  adds  greatly  to  its  interest,  and  is  a 
strong  argument  in  favour  of  its  truth.  It  is  the  atomic  theory  of  Dalton,  the 
eflBential  part  of  which  may  be  stated  in  a  few  words. 

Although  matter  appears  to  be  divided  and  comminuted  in  many  circumstances  to 
an  extent  beyond  our  powers  of  conception,  it  is  possible  that  it  may  not  be  indefinitely 
divisible ;  that  there  may  be  a  limit  to  the  successive  division  or  secability  of  its  parts; 
a  limit  which  it  may  be  difficult  or  impossible  to  reach  by  experiment,  but  which  ne« 
Tertheless  exists,  flatter  may  be  composed  of  ultimate  particles  or  atoms,  which  are 
not  farther  divisible,  and  each  of  which  possesses  a  certain  absolute  and  possibly  appre- 
ciable weight.  Now  the  question  arises,  is  the  atom  in  every  kind  of  matter  of  the 
same  weight,  or  do  atoms  of  different  kinds  of  matter  differ  in  weight?  Are  the  ulti- 
mate particles,  for  instance,  to  which  charcoal  and  sulphur  are  reducible,  of  the  same 
or  different  weights  ?  Let  their  weights  be  supposed  to  be  different,  to  be  in  the  pro- 
portion of  the  equivalent  numbers  of  sulphur  and  charcoal,  which  thus  become  atomic 
weights,  and  so  of  the  atoms  of  other  elementary  bodies,  and  the  whole  laws  of  com- 
bination follow  by  the  simplest  reasoning.  The  atoms  of  the  elementary  bodies  may 
be  represented  to  the  eye  by  spheres  or  by  circles  in  which  tlieir  symbols  are  inscribed 
to  distinguish  them,  as  in  the  following  examples,  with  their  relative  weights. 

Name.  Atom.                                      Weight  of  Atom. 

Oxygen @  8 

Hydrogen  @  1 

Nitrogen (g)  14 

Carbon ©  6 

Sulphur (D  16 

Lead ®  103.66 


Chemical  combination  takes  place  between  the  atoms  of  bodies,  which  then  come 
into  juxtaposition ;  and  in  decomposition  the  simple  atoms  separate  again  from  each 
other,  in  possession  of  their  original  properties.  The  atom  or  integrant  particle  of  a 
compound  body  is  an  aggregation  of  simple  atoms,  and  must  therefore  have  a  weight 
equal  to  the  sum  of  their  weights ;  as  will  be  obvious  from  the  exhibition  of  the  atomic 
constitution  of  a  few  compounds. 

Atom.  Weight 


Water  (oxide  of  hydrogen)  ...     mjS)  ^  +  8=9 

Protoxide  of  nitrogen @(o)  1^4-  8  =  22 

Deutoxido  of  nitrogen  •®(5)(0)  1-*+  1^=  80 

Sulphuric  acid  (D®®®  ^^  +  2**=  ^^ 

Oxideoflead (gl@  108-56  4-  8=111-56 

Sulphate  of  lead j   ^^[gvgN  {  111-56  +  40  =151-58 
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It  is  unnecessary  to  make  any  assumption  as  to  the  nature,  size,  fornix  ^ 
actual  weight  of  the  atoms  of  elementary  bodies,  or  as  to  the  mode  in  whi< 
are  grouped  or  arranged  in  compounds.  All  that  is  known  or  likely  cv< 
known  respecting  them  is  their  relative  weight.  The  atom  of  oxygen  is  eigh 
heavier  than  that  of  hfdrogen,  but  their  actual  weights  are  undetermined.  T 
the  means  of  expressing  the  relative  weights  of  these  and  other  atoms,  a  ] 
which  is  entirely  arbitrary  is  assigned  to  one  of  them,  namely  8  to  the  a 
oxygen,  and  then  the  weight  of  the  atom  of  hydrogen  can  be  said  to  be  1,  o 
gen  14,  of  carbon  6,  of  sulphur  16,  and  of  lead  103-56.  A  single  atom  a 
contains  one  atom  of  oxygen  (8),  and  one  of  hydrogen  (1),  and  must  tl 
weigh  9 ;  an  atom  of  oxide  of  lead  contains  one  atom  of  oxygen  and  one  < 
which  weigh  together  111-56;  an  atom  of  sulphuric  acid,  one  atom  of  sulpl 
three  atoms  of  oxygen,  which  weigh  together  40 ;  and  an  atom  of  sulphate  < 
including  one  of  each  of  the  preceding  compound  atoms,  must  weigh  111*S 
or  151-56. 

The  equivalent  quantities  being  now  represented  by  atoms,  it  necessarily 
that  bodies  can  combine  in  these  quantities  or  multiples  of  them  only,  anc 
intermediate  proportions,  for  atoms  do  not  admit  of  division.  In  a  series  of 
compounds  of  the  same  elements,  such  as  the  oxides  of  nitrogen,  which  was  f< 
referred  to  in  illustration  of  combination  in  multiple  proportions  (page  118),  oi 
of  nitrogen  combines  with  one,  two,  three,  four  and  five  atoms  of  oxygen, 
simple  ratio  between  the  quantities  of  oxvgen  in  these  compounds  is  the 
quence.  The  equivalent  of  the  compound  body  also  is  the  sum  of  the  equi 
of  its  constituents,  for  the  weight  of  a  compound  atom  is  the  weight  of  its 
tuent  atoms. 

By  the  juxtaposition,  separation,  and  exchange  of  one  atom  for  another  i 
pounds,  all  kinds  of  combination  and  decomposition  in  equivalent  quantitit 
be  produced,  while  the  substitution  of  ponderable  masses  for  the  anstract 
equivalents  renders  the  whole  changes  most  readily  conceivable. 

This  theory  being  adopted  as  a  useful,  while  it  is  at  the  same  time  a  higt 
bable  representation  of  the  laws  of  combination,  its  terms  atom  or  atomic 
may  be  used  as  synonymous  with  equivalent,  equivalent  quantity,  and  con 
proportion. 

M.  Dumas  is  disposed  to  modify  the  atomic  theory  so  far  as  to  allow  the 
bility  of  the  atoms  or  ultimate  masses  in  which  a  body  enters  into  combinatii 
to  suppose  that  they  are  groups  of  more  minute  atoms,  into  which  they : 
divided  by  physical,  but  not  by  chemical  forces.  He  distinguishes  the  atoms 
correspond  with  equivalents  as  chemical  atoms,  and  allowing  them  to  represei 
and  constantly  the  least  quantities  in  which  bodies  combine,  still  supposes  thai 
the  influence  of  heat,  and  perhaps  other  physical  agencies,  these  molecules  i 
subdivided  into  atoms  of  an  inferior  order,  of  which,  for  example,  two,  foi 
thousand,  are  included  in  a  single  chemical  atom.  (Lcqons  sur  la  Philosoph 
mique,  profess<5es  au  College  de  France,  par  M.  Dumas,  page  233).  But 
such  a  view  is  entirely  subversive  of  the  atomic  theory.  It  is  principally  fi 
on  the  assumed  existence  of  a  similarity  between  atoms  in  their  capacity  fo 
and  in  their  volume  while  in  the  gaseous  state. 

SPECIFIC   HEAT   OP  ATOMS. 

The  quantity  of  heat  necessary  to  raise  the  temperature  of  equal  weig 
diflfereut  bodies  a  single  degree,  varies  according  to  their  nature,  and  may 
pressed  by  numbers  which  are  the  capacities  for  heat  or  specific  heats  of  these 
(page  49).  This  dificrence  appears  in  the  numbers  for  several  simple  bodies 
together  in  the  first  column  of  the  following  table,  among  which  no  relation  • 
perceived.  But  if  the  comparison  is  made  between  the  capacity  for  heat  i 
equal  weights,  but  of  atomic  weights  or  equivalent  quantities  of  the  same  1 
as  in  the  second  and  third  columns  of  the  table,  then  the  numbers  for  several 
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are  foand  to  be  nearly  the  samc^  and  those  of  others  to  bear  a  simple  relation  to 
each  other. 

SPECIFIC   HEAT. 


• 

• 

IV. 

Atomfio 
weights. 

I. 

Of  equal 
weights. 
Specific  beat 
of  same 
weight  of  water 
being  1. 

II. 

Of  atoms. 

Specific  heat 

of 

atom  of  water 

being  1. 

ni. 

Of  atoms. 

Specific  heat 

of 

atom  of  lead 

being  1. 

Lead  

0-0293 

0-0614 

0-0927 

00949 

0-1035 

0-10696 

0-1100 

0-0314 

0-1880 

00330 

0-05155 

0-0298 

0-081 

00657 

0-885 

0-10824 

0-2411 

0-03084 

0-3372 
0-3358 
0-3321 
0-3340 
0-3404 
0-3508 
0-3315 
0-3443 
0-3359 
0-3714 
0-3788 
0-3292 
0-6708 
0-6694 
1-3415 
1-5197 
0-1698 
0-2190 

10000 

0-9960 

0-9850 

0-9908 

1-0096 

1040 

0-9831 

1-0211 

0-9968 

1-1016 

1-123 

0-9765 

2-0074 

1-9856 

8-9789 

4-506 

0-4766 

0-6494 

103-66 
68-82 
32-52 
81-66 
29-57 
29-62 
28 

98-68 
16 

10007 
64-14 
98-33 
75 

108 
82 

126-86 
6 
70-95 

Tin  

Zinc 

CoDDcr 

Nickel  

Cobalt  

Iron 

PlatiDam 

Sulphur 

Mercury 

Telluriniii 

Gold 

Arsenic 

SilTer 

PhosDhorus 

Iodine 

Carbon 

Bismuth 

Of  the  first  twelve  substances,  which  are  all  metals,  with  the  exception  of  sul- 
phur, the  capacities  of  the  atoms  approach  so  closely,  that  theV  may  be  considered 
as  identical ;  their  capacities  appearing  to  be  all  nearly  one-thira  of  that  of  the  atom 
of  water,  in  the  second  column ;  and  nearly  coinciding  with  the  capacity  of  the 
atom  of  lead,  one  of  their  number  in  the  third  column.  The  weights  of  the  atoms 
themselves  are  added  in  a  fourth  column,  for  convenience  of  reference.  The  twelve 
sabstances  in  question,  taken  in  the  proportions  of  their  atomic  weights,  will,  there- 
fore,  undergo  an  equal  change  of  temperature  on  assuming  an  equal  quantity  of 
heat.  The  two  metals  which  follow  in  the  table,  namely,  arsenic  and  silver,  appear 
to  have  an  equal  capacity  for  heat,  which  is  double  that  of  lead  and  the  class  which 
coincides  with  it,  while  the  capacity  of  phosphorus  is  four  times,  and  that  of  iodine 
four  and  a  half  times  greater  than  that  of  lead  and  its  class.  The  capacity  of  the 
atom  of  bismuth  appears  to  be  two-thirds,  and  that  of  carbon  to  be  one-half  of  the 
capacity  of  that  of  lead.    The  general  results  may  therefore  be  stated  as  follows : — 

Weight  of  Atom. 
Specific  heat  of  atom  of  lead 1 


<f 

tc 
(( 
«< 
« 
<f 
l« 
«« 

i€ 
tt 
•I 


<« 


tin 1 

zinc  1 

copper 1 

nickel 1 

cobalt 1 

iron  1 

platinum 1 

sulphur 1 

mercury 1 

tellurium  1 

gold 1 

arsenic 2 

silver  2 


108-56 
68-82 
82-62 
81-66 
29-57 
29-62 
28 

98-68 
16 

10007 
64-14 
98-83 
75 

108 


phosphorus 4 82 


iodine 

bismuth f 

carbon \ 


4} 126-36 


70-96 
6 
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Messrs.  Dalong  and  Petit,  whose  researches  supplied  the  greater  portion  o 
valuable  results,  drew  a  more  general  conclusion  from  them,  namely  that  all 
or  at  least  all  simple  atoms,  have  the  same  capacity  for  heat,  and  that  those 
weights  which  are  inconsistent  with  that  supposition,  ought  to  be  altered  and 
modatcd  to  it.  The  specific  heat  of  a  body  would  thus  afford  the  means  d 
its  atomic  weight.  Some  of  the  alterations  in  the  atomic  weights,  which 
follow  the  adoption  of  this  law,  might  be  advocated  upon  other  grounds  — 
halving  the  atomic  weight  of  silver,  doubling  that  of  carbon,  and  adding  one 
that  of  bismuth.  But  the  equivalent  of  phosphorus  would  require  to  be  div 
four,  while  that  of  arsenic,  which  it  so  closely  represents  in  compounds,  is 
only  by  two ;  changes  which  are  inadmissiblew 

It  must  be  concluded,  then,  that  elementary  atoms  have  not  necessarily  tl 
capacity  for  heat,  although  a  simple  relation  appears  always  to  exist  betwec 
capacities.  The  capacities  of  the  three  gaseous  elements,  oxygen,  hydrogi 
nitrogen,  may  likewise  be  adduced  in  support  of  such  a  relation,  provided  t 
the  same  for  equal  volumes  of  the  gases,  agreeably  to  the  observations  of  ] 
But  this  relation  can  only  be  looked  for  between  bodies  while  under  the  sai 
sical  condition,  and  perhaps  agreeing  in  other  circumstances  also,  for  the  capf 
heat  of  the  same  body  is  known  to  vary  under  the  different  forms  of  solid, 
and  gas ;  and,  indeed,  while  the  body  is  in  the  same  state,  its  capacity  app< 
to  be  absolutely  constant,  but  to  increase  perceptibly  to  elevated  temperature 
49). 

The  capacities  of  compound  atoms  have  also  been  submitted  to  a  sufficiei 
tensive  examination  to  deteruiine  that  simple  relations  subsist  among  them, 
classes  of  analogous  combinations,  the  capacities  of  the  atoms  for  heat  wer 
by  M.  Neumann,  of  Konigsberg,  to  approach  so  closely,  that  they  may  be  ai 
to  be  the  same,  the  differences  being  sufBciently  accounted  for  by  the  errors  o 
vation  unavoidable  in  such  delicate  researches. 


• 

or  EQUAL 
WEIGHTS. 

Specific  heat  of 
same  weight  of 
water  being  1. 

or  ATOsn 

WEIGHTS 

Specific  hea 

atom  of  wa 

being  1. 

Carbonate  of  lime 

0-2044 
01080 
01819 
00810 
01712 
01445 
0-2111 

Mean 

0-1148 

Carbonate  of  barvtos 

01181 

Carbonate  of  iron 

01166 

Carbonate  of  lead 

0*1200 

Carbonate  of  xinc  

0-1187 

Carbonate  of  strontia 

0.1184 

Dolomite  (carbonate  of  lime  and  magnesia)  

0-1121 

0-1102 

A  small  class  of  sulphates  presented  a  similar  result : — 


Sulphate  of  baryta  , 
Sulphate  of  lime  .... 
Sulphate  of  strontia 
Sulphate  of  lead  .... 


or  EQUAL 
WEIGHTS. 


0-1068 
0-1864 
01800 
0-0880 


Mean 


or  ATOMH 
WEIGHTS. 


0-1884 
01412 
01826 
01898 

01880 
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The  nambers  in  the  second  column  of  both  tables  deviate  very  little  from  their  mean, 
but  there  is  no  obvious  relation  between  the  two  means.  Identity  in  capacity  for 
heat  is,  therefore,  to  be  looked  for  in  compound  atoms  of  the  same  nature,  and  which 
doscly  agree  in  their  chemical  relations,  like  the  numbers  of  each  group,  but  not 
between  compound  atoms  which  are  differently  constituted. 

Our  information  on  this  subject  has  been  greatly  extended  of  late  by  the  valuable 
researches  of  M.  Regnault.*  The  atomic  heal  of  bodies,  as  it  is  named  by  this 
chemist,  is  obtained  by  multiplying  the  observed  specific  heat  of  each  body  by  its 
equivalent,  the  latter  being  taken  upon  the  oxygen  scale.  Now  this  product  is 
found  to  vary  for  the  metallic  elements  as  the  numbers  38  to  42,  a  greater  differ- 
ence than  can  result  from  errors  of  observation ;  so  that  the  law  of  atoms  is  not 
verified  in  an  absolute  manner.  But  if  it  is  considered  that  the  atomic  weights  of 
the  simple  substances  in  question  vary  at  the  same  time  from  200  to  1400,  the  law 
must  be  adopted,  as  at  least  closely  approximating  to  the  truth.  The  law  would 
probably  represent  the  results  of  observation  in  a  perfectly  rigorous  manner,  if  the 
specific  heat  of  each  body  could  be  taken  at  a  determinate  point  of  its  thermometrical 
scale,  and  the  specific  heat  be  further  disencumbered  of  all  the  foreign  influences 
which  modify  the  observation,  —  such  as  the  state  of  softness,  with  the  assumption 
of  a  certain  portion  of  the  latent  heat  of  fusion,  which  many  bodies  exhibit  before 
melting  entirely,  —  and  the  heat  absorbed  to  produce  dilatation,  which  is  very  great 
in  gases,  much  more  feeble  in  solid  and  liquid  bodies,  but  which  can  in  no  case  be 
neglected  (Regnault).  An  increase  of  the  density  of  copper  also,  produced  by  ham- 
mering it,  IS  found  by  Kegnault  to  effect  a  sensible  diminution  of  its  specific  heat : 
the  latter  recovers  its  original  value  in  the  metal  after  being  heated. 

The  same  element,  in  different  conditions  as  to  crystalline  form,  hardness,  and 
•ggregation,  mav  vary  greatly  in  its  specific  heat,  as  is  observed  of  carbon  both  by 
Kegnault,  and  by  Delarive  and  Mareet.  (Annales,  &c.y  t.  Izzv.  p.  242).  The 
results  of  the  former  are  as  follows : — 

SPECITIO   HEAT  Of  VARIBTIIS  OF  CABBOIT. 

Animal  charcoal 0-26085 

Wood  charcoal 0-24150 

Coke  of  coal 0-20307 

Charcoal  from  anthracite 0-20146 

Graphite,  naturol 0-20187 

Graphite  of  iron  furnaces 0-19702 

Graphite  of  goa  retorts 0-20860 

Diamond 014687 

The  calorific  capacity  of  this  body  is  the  more  feeble  in  proportion  as  its  state  of 
aggregation  is  CTcater :  it  is  an  instance  of*  a  body  which  may  exist  with  calorific 
capacities  extending  through  a  very  wide  range. 

The  following  metallic  protoxides  of  the  formula  MO,'  protoxide  of  lead,  red  oxide 
of  mercury,  protoxide  of  manganese,  oxide  of  copper,  and  oxide  of  nickel,  have  an 
atomic  heat  varving  from  70*01  to  76*21,  of  which  the  mean  is  72.03;  these  num- 
bers being  the  observed  specific  heats  of  the  oxides  multiplied  by  their  atomic  weights: 
the  same  product  averages  about  40  in  the  elements.  The  atomic  heat  of  magnesia 
is  63*03,  and  of  oxide  of  zinc,  62*77,  expressed  in  the  same  manner,  which  agree 
very  closely  together,  but  differ  considerably  from  the  other  protoxides. 

The  protosulphnrets,  of  the  formula  MS,  correspond  nearly  with  the  protoxides,— 
the  protosulphorets  of  iron,  nickel,  cobalt,  zioc,  lead,  mercury,  and  tin,  varying  from 
71*34  to  78*34;  with  a  mean  of  74*51,  while  the  mean  of  the  protoxides  is  72*03. 

Sesquioxideis,  of  the  formula  MjOj,  give  for  the  product  of  their  specific  heats  by 
their  atomic  weights,  numbers  between  158*56  and  18001 ;  with  an  avenge  of 
169*73 :  they  are  sesquioxide  of  iron,  sesquioxide  of  chromium,  arsenious  acid,  oxide 

*  On  the  Bpoeific  heat  of  simple  and  compound  bodies :  Annales  de  Chimie,  &c.,  t  IxxiiL 
p.  5,  and  8rd  s^r.  1 1  p.  129. 
'  M  representing  1  eq.  of  metaL 
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of  antimonyy  and  oxide  of  bismuth,  represented  as  BisOj,  with  an  equiva 
1003*6.     But  the  number  of  alumina  (AI2O3)  was  different,  being  in  the  i 
corundum  126-87,  and  the  saphiro  139*61.     Two  corresponding  sulphure 
numbers  somewhat  higher  than  the  oxides,  namely,  sulphurct  of  antimony 
and  sulphuret  of  bismuth  195*90,  of  which  the  mean  is  191-06. 

Two  oxides,  of  the  formula  MO2,  namely,  binoxide  of  tin,  and  artificial 
acid,  gave  the  first  87*23,  and  the  second  86*45.  The  bisulphuret  of  iron  f 
gave  96*45 ;  the  bisulphuret  of  tin  135*66  j  the  sulphuret  of  molybdenum  J 
and  bisulphuret  of  arsenic  (AsSj)  174*51. 

Oxides,  of  the  form  MO3,  gave  the  following  results :  tungstio  acid  118*1 
lybdic  acid  118*96,  silicic  acid  110*48,  boric  acid-103*52. 

The  subsulphuret  of  copper,  CujS,  gave  120*21;  and  the  sulphuret  oi 
usually  represented  AgS,  gave  115*86. 

The  following  chlorides,  to  which  M.  Kegnault  is  disposed  to  assign  the  < 
formula  M2CI,  save  results  comprised  between  156*83  and  163*42,  with  a  1 
158*64  —  chloride  of  sodium,  chloride  of  potassium,  chloride  of  silver,  sub 
of  copper,  and  subchloride  of  mercury.  The  corresponding  iodides  rangi 
162*30  to  169*38,  exclusive  of  the  iodide  of  silver,  which  was  180*45.  0 
spending  bromides,  bromide  of  potassium  was  166*21,  bromide  of  silver  173* 
bromide  of  sodium  175*65. 

Protochlorides  of  the  formula  MCI,  namely,  chlorides  of  barium,  strontii 
cium,  magnesium,  lead,  mercury,  zinc,  and  tin,  were  comprised  between  114 
119*59;  with  a  mean  of  117*03.  The  protochloride  of  manganese  was  sa 
lower,  112*51. 

Of  volatile  bichlorides  (MCI2),  bichloride  of  tin  gave  239*18,  and  chloride 
nium  227*63;  of  which  the  mean  is  233*40.  The  two  corresponding  chloi 
arsenic  and  phosphorus^  MCI3,  gave,  the  first  399*26,  and  the  second  359*86 
879*51. 

The  numbers  for  iodide  of  lead  and  iodide  of  mercury  (MI)  also  closely  1 
mate,  the  first  being  122*54,  and  the  second  119*36 :  mean  120*95.     The 
of  calcium  (MF)  gave  105*31. 

The  principal  results  obtained  by  M.  Regnault  for  the  salts  are  thrown  t 
in  the  following  table.  The  equivalents  given  in  the  general  formula  are  t 
the  table  at  the  beginning  of  this  chapter. 


Name  of  the  salt 


Nitrate  of  potassa .......... 

Nitrate  of  soda 

Nitrate  of  silver 

Nitrate  of  barytes 

Metaphosphate  of  lime.... 

Chlorate  of  potassa 

Arscniate  of  potassa 

Pyrophosphate  of  potassa 
Pyrophosphate  of  soda.... 

Phosphate  of  lead 

Phosphate  of  lead 

Arseuiate  of  lead 

Sulphate  of  potassa 

Sulphate  of  soda..... 

Sulphate  of  baryta 

Sulphate  of  strontia 

Sulphate  of  lead 

Sulphate  of  lime 

Sulphate  of  magnesia 


General 

formula, 

(M=:l  eq.  of 

metal.) 


MO+NO5 


MO+PO5 
MO+CIO, 
MO+AsO. 
2MO+PO5 


8MO+PO5 

8M0+Asa 

MO+SOg 


(( 
<< 
t« 

« 


Product  of 
the  specific 

heats  by 
the  atomic 

weights. 


302*49 
297*13 
805*55 
248*83 
248-64 
821-04 
817*80 
895-79 
882-22 
302-14 
897-96 
409-87 
207*40 
206-21 
164-64 
16401 
165-89 
168-49 
168-80 


} 


81 
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Name  of  the  salt. 


Chromate  of  potassa 

Bichromate  of  potassa 

Biborate  of  potassa 

Biborate  of  soda 

Biborate  of  lead 

Borate  of  potassa 

Borate  of  soda 

Borate  of  lead 

Carbonate  of  potassa 

Carbonate  of  sq^la 

Carbonate  of  lime  (Iceland  spar) 
Carbonate  of  lime  (arragonite)... 
Ditto  (white  saccharoid  marble).. 
Ditto  (grej  saccharoid  marble)... 

Ditto  (white  chalk) 

Carbonate  of  baryta 

Carbonate  of  strontia 

Carbonate  of  iron , 


General 

formula, 

(M=l  eq.  of 

metal.) 

Product  of 
the  specific 

heats  by 
the  atomic 

weights. 

MO+CrO. 

M0+2CrO. 

MO+2BO3 
•« 

229-83 
858-67 
821-27 
800-88 

(f 

258-60 

MO+BO, 

210-52 
212-60 

4< 

165-54 

MO + CO  J 

4( 

18704 
181-65 

MO+COg 

131-61 
131-56 

« 

136-20 

it 

132-46 

it 

136-07 

it 

136-99 

<c 

133-58 

tt 

.13816 

Mean. 


J  811  07 
I  216-06 
I  184-85 


^  134-40 


The  results  of  M.  Regnault  on  the  specific  heat  of  compound  bodies  are  of  great 
interest  with  regard  to  the  question  of  the  division  of  the  atomic  weights  of  certain 
elements,  to  which  reference  has  been  made.  They  establish  an  equally  close  rehi- 
tion  between  the  specific  heat  of  analogous  compounds  as  exists  among  elementary 
bodies.  The  general  law  is  announced  by  M.  Regnault  in  the  following  manner : — 
'^In  all  compound  bodies,  of  the  same  atomic  composition  and  similar  chemical 
constitution,  the  specific  heats  are  in  the  inverse  proportion  of  the  atomic  weights.'' 
This  law  comprehends,  as  a  particular  case,* the  law  of  Dulong  and  Petit  for 
nmilar  bodies,  and  appears  to  be  verified  by  experiment  within  the  same  limits  as 
the  latter. 


RELATION  BETWEEN  THE  ATOMIC  WEIGHTS  AND  VOLUMES  OP  BODIES  IN  THE 

GASEOUS   STATE. 

Several  of  the  elementary  bodies  arc  gases,  such  as  oxygen,  hydrogen,  nitrogen, 
tnd  chlorine,  and  the  proportions  in  which  they  combine  can  be  determined  by 
measure,  with  equal,  if  not  greater  facility  than  by  weight.  Now  a  relation  of  the 
simplest  nature  is  always  found  to  subsist  between  tho  measures  or  volumes  in 
which  any  two  of  the  gaseous  elementary  bodies  unite.  This  arises  from  tho  cir- 
cnmstance  that  the  specific  gravities  of  gases  either  correspond  exactly  with  their 
atomic  weights,  or  bear  a  simple  relation  to  them.  The  atom  of  chlorine  is  85} 
times  heavier  than  that  of  hydrogen ;  and  chlorine  gas  is  also  35^  times  heavier 
than  hydrogen  gas,  so  that  the  combining  measures  of  these  two  gases,  which  corre- 
spond with  shigle  equivalents,  are  necessarily  equal.  The  atom  of  nitrogen,  and  its 
weight  as  a  gas,  being  both  14  times  greater  than  the  atom  and  weight  of  hydrogen 
CBS,  their  combining  volumes  must  be  the  same.  The  atom  of  oxygen  is  eight  times 
neavier  than  that  of  hydrogen,  but  oxygen  gas  is  16  times  heavier  than  hydrogen 
gas,  80  that  taken  in  equal  volumes  these  two  gases  are  in  the  proportion  by  weight  of 
two  equivalents  of  oxygen  to  one  of  hydrogen.  Hence,  in  the  combination  of  single 
eqoivadents  of  these  elements  to  form  water,  half  a  volume  or  measure  of  oxy^n  gas 
anitcfl  with  a  whole  volume  or  measure  of  hydrogen  gas.  One  volume  of  nitrogen 
also  unites  with  half  a  volume  of  oxygen,  and  with  a  whole  volume  of  the  same  gaS| 
to  form  respectively  the  protoxide  and  deutoxide  of  nitrogen. 

The  exact  ratio  of  one  to  two  in  which  oxygen  and  hydrogen  gases  combine  by 
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measure,  was  first  observed  by  Humboldt  and  Gay-Lussac  in  1805.    The  i 
was  pursued  by  the  latter  chemist,  who  established  the  simple  ratios  in  which 
generally  combine,  and  published  the  laws  observed  by  him,  or  his  Theory  i 
fumes,  shortly  after  the  announcement  of  the  Atomic  Theory  by  Dal  ton. 
aiforded  new  and  independent  evidence  of  the  combination  of  bodies  in  dcfini 
also  in  multiple  proportions,  equally  convincing  as  the  observed  proportic 
weight  in  which  bodies  unite.    Gay-Lussac  likewise  observed  that  the  product 
union  of  two  gases,  if  itself  a  gas,  sometimes  retains  the  original  volume  of  i 
stituents,  no  contraction  or  change  of  volume  resulting  from  their  combinati 
thus  one  volume  of  nitrogen  and  one  volume  of  oxygen  form  two  volumes  € 
toxide  of  nitrogen ;  one  volume  of  chlorine  and  one  volume  of  hydrogen  foi 
volumes  of  hydrochloric  acid  gas ;  and  that  when  contraction  follows  combi 
which  is  the  most  common  case,  the  volume  of  the  compound  gas  always  1 
simple  ratio  to  the  volumes  of  its  elements.     Thus  two  volumes  tf  hydrogo 
one  of  oxygen,  form  two  volumes  of  steam ;  one  volume  of  nitrogen  and  th 
hydrogen  gas  form  two  volumes  of  ammoniacal  gas ;  one  volume  of  hydrog 
one-sixth  of  a  volume  of  sulphur-vapour  form  one  volume  of  sulphuretted 
gen  gas.     In  these  and  all  other  statements  respecting  volumes,  the  gases  coi 
are  supposed  to  be  in  the  same  circumstances  as  to  pressure  and  temperature. 
The  uniformity  of  properties  observed  among  gases  in  compressibility  and 
bility  by  heat,  has  appeared  to  many  chemists  to  indicate  a  similarity  of  consti 
and  to  favour  the  idea  that  they  all  contain  the  same  number  of  atoms  in  th 
volume.     May  not  equal  volumes  of  oxygen  and  hydrogen  gases,  for  instai 
represented  by  an  equal  number  of  atoms  of  oxygen  and  hydrogen  respc 
placed  at  equal  distances  from  each  other,  and  the  difference  of  sixteen  to  one 
densities  of  the  two  gases  arise  from  the  atom  of  oxygen  being  really  sixteei 
heavier  than  that  of  hydrogen  ?     Equal  volumes  of  gases  would  then  cout 
equal  numbqr  of  atoms,  and  one,  two,  or  three  volumes  would  be  an  equ 
expression  to  one,  two,  or  three  ato^iic  proportions,  the  terms  volume  and  ai 
coming  of  the  same  import,  or  expressing  equal  quantities  of  bodies.     But 
view  is  obviously  inapplicable  to  compound  gases,  as  their  volume  has  a  \ 
relation  to  that  of  their  elements ;  and  its  adoption  would  require  grave  altc 
to  be  made  in  the  atomic  weights  of  several  of  the  elements  themselves,  to 
modate  those  weights  to  the  observed  densities  of  the  bodies  in  the  gaseoui 
This  will  be  seen  from  the  following  table,  in  which  the  volume  or  fractioE 
of  a  volume  placed  against  each  element  always  c(mtains  the  same  numbei 
presently  received  atoms.     These  volumes  are,  therefore,  the  equivalent  volu 
the  elements,  and  may  be  viewed  as  representing  the  bulk  of  their  atoms 
gaseous  state,  the  combining  measure  of  hydrogen  being  taken  as  two  volum 

ATOMS. 


Hydrogen  „ 
Nitrogen  ... 
Chlorine  ... 
Bromine  ... 

Iodine 

Mercury  ... 
Oxygen  .... 
Pkosphoms 
Arsenic  .... 
Sulphur.... 


Volume. 


Weight 


2 

•  1 

2 

14 

85-5 

2 

98-26 

2 

120-80 

2 

10007 

1 

8 

1 

82 

1 

p.  f 

iO 

i 

16 

Of  the  first  six  bodies  enumerated,  equivalent  weights  occupy  each  two  v( 
It  was,  indeed^  the  observation  of  this  ecjuality  between  the  atom  and  voh 
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these  gases,  that  led  to  the  sapposition  of  that  relation  being  general.  Bat  the 
atoms  of  oxygen,  phosphorus,  and  arsenic,  occupy  only  one  volume,  and  woold  re- 
quire to  be  doubled  to  fill  the  same  volume  as  the  preoedingclasa ;  or  the  latter 
nther  preserved  fixed,  and  the  former  class  divided  by  two.  The  present  atom  of 
sulphur  affords  only  one-third  of  a  volume  of  vapour,  and  must,  therefore,  be  multi- 
plied by  six  to  afibrd  two  volumes. 

It  will  be  found  conducive  to  perspicuity  to  apply  the  expression  eomhining  meOf 
sure  to  the  volume  or  volumes  of  a  gas  which  enter  into  combination.  The  com- 
bining measure  of  oxygen  being  one  volume,  the  combining  measure  of  hydrogen 
and  its  class  willj)e  two  volumes;  or  the  atom  oF  oxygen  gives  one,  and  the  atom 
of  hydrogen  two  volumes  of  gas.  Volumes  of  the  gases  may  be  represented  by 
equal  squares  with  their  relative  weights  inscribed,  the  numbers  having  reference  to 
the  number  assigned  to  the  oxygen  volume.  If  that  number  bo  8,  or  the  atomic 
weight  of  oxygen,  as  in  column  1  of  the  table  which  follows,  then  the  number  to 
be  inscribed  in  each  of  the  two  volumes  forming  the  combining  measure  of  hydrogen 
will  be  0*5)  or  half  its  atomic  weight,  the  combining  measure  itself  having  the  full 
atomic  weight  of  hydrogen,  namely  1.  So,  of  other  gases,  the  combining  measure 
has  the  whole  atomic  weight,  which  is  divided  among  the  component  volumes.  But 
there  is  the  reason  for  preferring  the  number  1105*6  to  8  for  the  standard  oxygen 
Tolume,  that  the  weight  of  a  volume  of  air  being  taken  as  1000,  that  of  an  equal 
volume  of  oxygen  is  1105-6;  and  consequently  the  corresponding  number  for  the 
volume  of  hydrogen,  69*3,  expresses  the  relation  in  weight  of  that  gas  also  to  air, 
and  so  do  the  corresponding  numbers  for  all  the  other  gases.  The  numbers  on  this 
scale,  which  express  the  relative  weights  of  a  volume  of  each  gas,  and  are  inscribed 
in  the  squares  of  column  2,  are  indeed  the  common  specific  gravities  of  the  gases. 


Atomic  weight. 


Combining 
measure. 


8 

^'"•rfO***  •••••••••••••••*  *  ••••••••• 

PhosphoroB 82 

82 

Hvdrofffin  ..ttt. .!•.««•  1  «.•••.... 

0-6 

0.6 

Chloiino  .............  85*5 

17-75 

17-75 

IL 
CombiniDg  measure. 


Air... 


The  doetAe  sqnaree,  which  represent  the  combining  measures  of  hydrogen  and 
chlorinei  an  divided  into  volumes  by  doited  lines,  to  show  that  the  division  is  ima- 
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ginarj,  the  partition  of  a  combiniog  measure,  like  that  of  an  atom  which  J 
sents,  being  impossible.  The  specific  gravities  of  gases  being  merely  tho  j 
weights  of  eqoid  volomes,  may  be  expressed  by  the  numbers  in  the  sqnazd 
first  column;  and  the  specific  gravity  of  oxygen  being  accordingly  madif 
specific  gravity  of  any  other  gas  will  either  be  the  same  number  as  its  atomiQ 
or  an  aliquot  part  of  it.  Or  if  the  specific  gravity  of  oxygen  be  made  1  i 
the  relation  of  densities  to  atomic  weights  will  still  be  very  obvious.  (See  p^ 

The  combining  measures  of  compound  gases,  although  variable,  have  sti 
stant  and  simple  relation  to  each  other  —  such  as  1  to  1,  1  to  2,  or  2  to  1 
elements  in  combining  sufilbring  cither  no  condensation,  or  a  definite  a 
simple  change  of  volume.  Ilcnce  the  density  of  a  compound  gas  may  < 
calculated  with  more  precision  from  the  densities  of  its  constituents,  and  a  ki 
of  the  change  of  volume,  if  any,  which  occurred  in  combination,  than  it 
determined  by  experiment. 

To  deduce  on  this  principle  the  specific  gravity  of  steam.  Water  consists  < 
equivalents  of  oxygen  and  hydrogen,  of  which  the  combining  measure  of 
is  one,  and  that  of  the  second  two  volumes.  These  three  volumes  weigh  1 
69*3  -f  69*3  =  1244*2,  and  they  form  two  volumes  of  steam ;  of  which  one 
must,  therefore,  weigh  1244*2  divided  by  two,  or  622-1,  which  is,  consequei 
calculated  specific  gravity  of  steam,  referred  to  that  of  air  as  1000.  The  rel 
volume  of  the  gases  before  and  after  combination  may  be  thus  exhibited  :— 


Combining  measure,  or  one        Combining  measure,  or  two         Combining  meosm 
volume  of  oxygon.  volumes  of  hydrogen.  volumes  of  st 


1244-2 


1244*2 


It  thus  appears  necessary  to  inscribe  622*1  in  each  volume  of  steam,  to 
1244*2,  the  known  weight  of  the  two  volumes. 

In  the  formation  of  hydrochloric  acid  equal  measures  of  chlorine  and  ] 
unite  without  condensation,  so  that  the  product  possesses  the  united  volun 
constituent  gases. 


Combining  measure 

of  hydrogen,  or  two 

volumes. 


Combining  measure 

of  chlorine,  or  two 

volumes. 


Combining  me 

hydrochloric  aci 

Tolumef 


.... .* .**.•.* 


2453 


••••••••• 


2468 


.........a      ^^S     ••*..••••. 


5044*6 


6043*6 


The  specific  gravity  or  weight  of  a  single  volume  of  hydrochloric  acid  is,  1 
obtained  by  dividing  6044*6  by  4,  and  is  1261*1. 

The  specific  gravity  of  the  vapour  of  an  elementary  body  which  ther 
means  of  ascertaining  experimentally,  may  sometimes  be  calculated  from  tl 
density  of  a  gaseous  compound  containing  it.    The  density  of  carbon  vapou 
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thnfl  deduced  from  the  obaerved  density  of  carbonic  oxide  gas.  Assuming  that  the 
eombining  measure  of  carbon  is  double  that  of  oxygen,  as  is  true  of  hydrogen  and 
■ereral  otnor  elementary  bodies,  then  carbonic  oxide,  which  like  water  consists  of 
mntie  equivalents  of  its  constituents,  will  resemble  steam  in  its  constitntion  also, 
and  be  composed  of  one  volume  of  oxygen  gas,  and  two  volumes  of  carbon  vapour 
condensed  into  two  volumes.  The  weight  of  a  single  volume  of  carbonic  oxide 
being  972*7,  two  V9lumes  (1945*4)  may  be  resolved,  as  shown  in  the  diagram 
below,  into  one  volume  of  oxygen,  1105*6,  and  two  volumes  of  carbon-vapour, 
839-8,  (1945*4  — 1105-6  =  839*8)  each  of  which  it  follows  must  weigh  419*9, 
or  420. 


Combiiiiiig  meAsore,  or 

two  Tolmncs  of  carbonic 

oxide. 


CombiniDg  measure,  or 
one  volome  of  oxygen. 


Combining  meosiire,  or 

two  Tolumes  of  carbon 

Tapoor. 


+ 


1945-4 


1946-4 


Bpt  the  density  420  thus  assigned  to  carbon  vapour  will  only  be  true  if  it  corre- 
sponds with  hydrogen  in  its  combining  measure;  but  the  combining  measure  of 
carbon  vapour  may  as  well  be  one-half  that  of  hydrogen,  like  that  of  phosphorus,  or 
cue-sixth,  like  that  of  sulphur,  and  then  the  density  will  be  double  or  six  times  that 
iuppo^.  The  important  conclusion,  however,  that  the  density  of  carbon  vapour  is 
either  420,  or  some  multiple  or  sub-multiple  of  that  number,  is  quite  certain. 

The  following  Tabic  comprises  nearly  all  the  accurate  information  which  chemists 
at  present  possess  respecting  the  specific  gravities  of  gaseous  bodies.  The  bodies 
phiced  first  in  the  table  are  generally  considered  as  belonging  to  the  inorganic,  and 
those  in  the  latter  part  to  the  organic  department  of  the  science.  They  are  all 
experimental  results,  with  the  exception  of  two  or  three  cases  which  are  ctdculated. 
The  specific  gravity  of  carbon-vapour  is  assumed  here  as  six-sixteenths  of  that  of 
oxygen  (1105*6). 
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TABLE  OF  SPECIFIC  GRAVITY  OF  GASES  AND  VA] 


Names  of  dabstances. 


Salphnr 

Oxygen 

Phosphorus 

Arsenic 

Hydrogen 

Carbon  (hypothetical) 

Nitrogen 

Chlorine 

Bromine 

Iodine 

Mercury 

Water 

Carbonic  oxide 

Protoxide  of  nitrogen 

Carbonic  acid 

Chlorocarbonic  acid... 
Sulphide  of  carbon.... 
Hydrosulphuric  acid.. 


Proportion  of  an  eq. 
in  1  volume. 


8S 
0 
P 

As 

H 
2 
C 
2 
N 
2 
CI 

T 

Br 
"2 

I 

2 
Hg 

2 

HO 
T 
CO 

T 

NO 

T 

COj 

T 

COCl 

"T" 

CSj 

T 

HS 

T 


Specific  Gbavitt. 


Airz=l. 


6617 
1105-63 
4355 
10600 
69-26 
414-61 
971-87 
2421-6 
5540 


8716 


6976 


622 


971-2 


1620.4 


1524-5 


8399 


2644-7 


Oxyg.=l. 


H. 


5988-9 
1000 
8038-8 
9586-6 
62-6 

875 

878-5 
2189-9 
6009-7 
7882 
6308-5 

662-6 

875 
1375 
1378-6 
8564.8 
2891-6 


96  I 

16  i 


64  •: 


150 


'J> 


1191-2   1077-8 


14 


85-5 


78 


126 


ioo-(n 


9 


14 


22 


22 


49*5 


88 


17 
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tames  of  sabsUnces. 


ochloroos  acid 


logen 


Proportion  of  an  eq. 
in  1  Tolume. 


•horous  acid 


hnric  acid  (anhydrous). 


rosnlphurio  acid 


ride  of  sulphnr. 


nioos  acid 


hate  of  water  at  848o  .. 


ride  of  mercury 


lide  of  mercury 


le  of  mercury 


loride  of  tin 


loride  of  titanium 


buret  of  mercury 


a-chloride  of  phosphorus 


ride  of  silicium. 


ide  of  silicium. 


oehloric  acid 


CIO 
T 

NCj 

SOj 
T 

SO3 
2 

SOjCl 
~2 

SClj 
~ 

A8O3 

no,  SO3 
2 

HgCl 
2 

HgBr 
2 

Hgl 
2 

SnCI. 


2 

TiClj 
2 

HgS 
8 

PCI5 
8 

SiFl, 
8 

SiO, 
8 

na 


Specific  Ghatitt. 


Air=sl. 


2998-4 


1806-4 


2193 


3000 


4665 


3685 


13850 


1680 


9800 


12160 


15680 


9199-7 


6876 


5510 


8680 


8600 


5989 


1247-4 


Oxyg.=l. 


2698-4 


1638-7 


1988-1 


2718 


4219 


8332-7 


12526 


1519 


8862-8 


10996-6 


14184-6 


8889-4 


6181-9 


4982-9 


8829 


8255-5 


5870-7 


1128 


H.=sl. 


43-5 


26 


82 


40 


67-5 


198 


24-5 


135-5 


178 


226 


Ob- 
servers. 


6-L. 


H-D 


M. 


R. 


51-5       D. 


77-8 


52-875 


18-25 


M. 


B. 


M. 


M. 


M. 


D. 


D. 


M. 


C\ 


J>. 


D. 


B.  A. 
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Names  of  SabsUncei. 


Proportion  of  an  eq. 
in  1  Tolnme. 


SPKcino  GBAvm;^ 


Air»l. 


Oxy.rrsl. 


1 


Em 


Hydrobomic  acid  •••••• 


Hjdriodio  add 


Hydrocyanic  acid 


Chloride  of  cyanogen 


Dentozide  of  nitrogen 


Peroxide  of  nitrogen 


Ammonia 


PhoBphnretted  hydrogen  .... 


Hydride  of  arsenic 


Terchloride  of  phosphorus.. 


Terchloride  of  arsenic 


Chloride  of  biimnth 


Iodide  of  arsenic 


Subchloride  of  mercury 


Subbromide  of  merenry 


Fluoride  of  boron 


CUoride  of  boron , 


Caibnretted  hydrogen 


HBr 

4 

HI 
T 

HCy 

"T" 

Cya 

4 

NOj 

"T 
N04 

"T 

NH, 
4 

PH, 

4 

AsH, 

4 

PCI3 

4 

Asa, 
4 

Bia 

4 

Asl, 

4 
Hg,Br 

4 

BF3 

4 

BO, 

4 

4 


2781 


4448 


2469-7 


4017-8 


947-6 


2111 


1038-8 


1720 


696-7 


1214 


2695 


4875 


6800-6 


11160 


16100 


8850 


10140 


2812-4 


8942 


559-6 


856-9 

u 

1908-9 

ai 

989-8 

u 

1555-4 

» 

589-6 

1 

1097-8 

11 

2487 

« 

4408-5 

61 

5697-7 

93 

10092-1 

■ 

14560 

221 

7551 

IM 

9170 

18( 

2091-2 

« 

8564-8 

• 

506-1 

1 
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Proportion  of  as  eq. 
n  I  Tolume. 


Bptoino  Qbatitt. 


BOOT 
2675 


1 
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Names  of  Substances. 


Proportion  of  an  eq. 
in  1  Tolame. 


Wood-spirit 

Methylic  ether 

Methylic   ether   (monochlo- 
rinated) 

Methylic    ether    (hichlorin- 
ated)  

Methylic  ether  (perchlorin- 
ated) 

Formic  acid  at  821o-8  F.  .. 

Sulphide  of  methyl 

Chloride  of  carbon 

Chloride  of  carbon  (another) 

Chloride  of  carbon  (another) 

Chloride  of  methyl 

Chloride  of  methyl  (mono- 
chlorinated)  

Fluoride  of  methyl 

Iodide  of  methyl , 

Sulphate  of  methyl 

Nitrate  of  methyl  

Formiate  of  methyl 

Aoetato  of  methyl 


CjH^Oj 

CjHjO 
2^ 


CaHjCIO 


CjHCljO 
C 

CJClfi 
8~ 

4 
CjHjS 

C.C1, 


4 

C4CI4 
4 

4 
CaH,a 

4~ 
CjTTjClj 

4~ 
CgHaF 

4 

4 

C,H,0,  SO, 

2 

C,Tr,0,  NO, 
2 

c,n,o,  c,no, 
4 

CjTIjO,  C4H,0, 


Specific  Gbatii 

Air»l. 

Oxy.==l. 

1120 

1012-8 

1617 

1462-3 

8903 

3529-5 

2115 

1912-6 

4670 

4223-2 

1610 

1456 

6367 

5557-8 

6330 

4820 

6820 

5263-1 

8157 

7376-5 

1781 

1565-4 

3012 

2724 

1186 

1072-5 

4883 

4415-8 

4565 

41281 

2053 

2399-6 

2084 

1884-5 

6563 

2317-7 

n.=i 


16 


23 


57-6 


30*6 


62-7 


23 


94 


77 


83 


118*5 


25-2 


42*5 


16-5 


ro-5 


63 


88-5 


80 


87 
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Names  of  substances. 


Methylal  

Alcohol 

Mercaptan 

Ether 

Sulphnret  of  etbjl  

Chloride  of  ethyl 

Chloride  of  ethyl  (monochlo 
rinated) 

Oiloride  of  ethyl  (bichlori 
nated) 

Chloride  of  ethyl  (trichlori 
Dated) 

Chloride   of  ethyl   (quadri 
chlorinated) 

Iodide  of  ethyl 

Nitroas  ether  

Chlorocarbonic  ether 

Sulphurous  ether 

Oxalic  ether 

Silicic  ether  (tribasic) 

Borio  ether  (tribasic) 

Acetic  ether 


Proportion  of  an  eq. 
in  1  Tolume. 


4 
4 

4 

C,H,0 
2 

cjr^ 

•  2 

4 

C^H^Clj 
~4 

4 

C^HjCl^ 
4~ 

C4HCI, 
4 

C^H,!       • 

4 

4 

C4H3O,  CjO,a 

4 

cjr^o,  so, 
2 

C,H,0,  CgOa 
2 

8c,ir,o,  sio, 

8 

sc^ngO,  BO3 

4 
C4H,0,  C^H.O, 


Specific  Gbavity. 


Air  =.  1. 


Oxyg.=l.|II.=:l. 


2625 


1613 


2326 


2586 


8100 


2299 


8478 


4530 


5799 


6975 


5475 


2626 


8829 


4780 


5087 


7210 


5140 


8067 


Ob- 
servers. 


2374 


1458-7 


2103-4 


2338-5 


2803-4 


2006-6 


3145-2 


4096-5 


5244-1 


6307-6 


4951-2 


2374-7 


3462-6 


4323 


4600-3 


6521 


4649 


2778-6 


88 


23 


81 


87 


45 


42-25 


49-5 


66-75 


84 


101-25 


77-5 


87-5 


54-25 


69 


78 


104 


72 


44 


M\ 


G-L. 


B. 


G-L. 


R. 


T. 


R. 


R. 


Id. 


Id. 


G-L. 


D.B\ 


D. 


E.&B. 


D.B'. 


£. 


£.  &B. 


Id. 
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Names  of  SabsUiices. 


Benzoio  ether 


Suocinio  ether 


Pjromncic  ether 


(Enanthic  ether 


Patch  liquid 


Bromide  of  olefiant  gas 


Chloral 


Chloroform 


Aldehyde 


Alcarsin 


Acetic  acid  at  4Q2^  F. 


Chloracetic  acid . , 


Acetone 


Benioic  acid 


Hydride  of  aallcyl 


Eugenic  acid. 


Camphor . , 


Urethane.. 


Proportion  of  an  eq. 
in  1  volume. 


C.H.O,  C,,H,0, 


C4H5O,  C,H,0, 


C4HSO,  C^jHaO, 


C4H5O,  C,4H,,0, 

C4H,ci,  nci 


C^lIjBr,  HBr 

i 

4 

C4HC1, 

4 

4 

C^HjAs 

2 

4 
C4HCl,04 

4 
C5H.OJ 

4 

CmHA 

4 

CmH«04 


4 

4 

4 
C.NII,04 


Spxcirio  Gbatitt. 

Air»l. 

Oxy.asl. 

E^h 

5409 

4899 

71 

6220 

5624-8 

87 

4869 

48941 

70 

10508 

9502-5 

150 

8448 

8118-5 

49-5 

6485 

5864-5 

94 

5180 

4689-1 

78-75 

4199 

8797-2 

65-78 

1582 

1885-4 

22 

7184 

6496-6 

105 

2080 

1879-8 

80 

5800 

4792-9 

81-75 

2019 

1825-8 

29 

4270 

8861-4 

61 

4276 

8867-1 

61 

6400 

5787-6 

86 

5468 

49^5-7 

76 

8096 

2800 

44-5 
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After  the  name  of  each  subetoDoe  in  the  preceding  table  is  given  the  formula  of 
its  equivalent,  which  is  divided  bj  the  number  of  volumes  of  vapour  which  the 
equivalent  gives  and  the  combining  measure  contains.  The  equivalent  thus  divided 
therefore  expresses  the  composition  of  a  single  volume  of  the  vapour.  The  first 
column  of  numbers  contains  the  specific  gravities  referred  to  air  as  1000 ;  the  second^ 
in  which  the  specific  mvities  are  expressed  with  reference  to  that  of  oxygen  as 
1000,  is  obtained  by  dividing  the  former  specific  gravities  by  1105*6,  the  specifio 
gravity  of  oxygen  eas.  In  the  third  column,  the  specific  gravities  are  referred  to 
hydrogen  as  1 ;  and  consequently  the  number  for  any  vapour  expresses  how  many 
times  that  vapour  is  heavier  than  hydrogen.  The  numbers  of  this  column  only  are 
obtained  by  calculation  from  the  equivalents,  and  are  therefore  the  theoretical  densi- 
ties :  if  divided  by  16  they  give  corresponding  theoretical  densities  on  the  scale  of 
oxygen  equal  to  1 ;  or  if  divided  by  14*416  (the  number  of  times  which  air  is 
heavier  than  hydrogen)  they  give  the  theoretical  densities  on  the  scale  of  air  equal 
to  1.  The  letter  or  letters  in  the  last  column  refer  to  the  name  of  the  observer  on 
whose  authority  the  experimental  specific  gravities  of  the  first  and  second  columns 
of  numbers  are  given.* 

An  extraordinary  variation  in  the  specific  gravity  of  acetic  acid  at  different  tem- 
peratures was  observed  by  M.  Dumas,  which  is  confirmed  by  M.  Cahours  and  M. 
^ineau,  (Annales  de  Chimie,  &c.  3*  sdr.  t.  xviii.  p.  226),  and  the  anomaly  found  to 
extend  to  certain  acids  allied  to  the  acetic ;  namely  formic,  butyric,  and  valerianic 
acids.  Thus  the  vapour  of  aoetic  acid  (H  0,  C4  Hs  O3),  has  a  specific  gravity  of 
3200  at  125^  Centig.,  2480  at  160^  C,  2220  at  200^,  2090  at  230^  2080  at  250^ 
and  retains  the  last  specific  ^vity,  which  corresponds  with  the  theoretical  density 
of  four  volumes  from  one  equivalent,  at  higher  temperatures ;  the  observation  being 
made  up  to  338^  C.  This  vapour  has,  indeed,  been  observed  with  a  density  so  great 
as  3950,  under  reduced  pressure,  and  at  a  low  temperature,  namely  69^  Fahr.  The 
▼ariadon  is  probably  accounted  for  by  considering  the  acid  to  be  bibasic  at  low  tem- 
peratures, with  a  double  equivalent  and  double  density,  and  to  assume  progressively 
the  molecular  form  and  single  density  of  the  monobasic  acid,  as  the  temperature 
rises.  The  acid  undergoes  no  permanent  or  constitutional  alteration  at  the  highest 
of  the  temperatures  specified,  but  condenses  again  in  possession  of  all  its  usual  pro- 
perties. 

Butyric  acid  has  a  density  of  3680  at  177**  C,  which  falls  to  3070  at  261**  C, 
And  remains  the  same  at  330^  C.  Valerianic  acid  gave  similar  results,  but  the 
Tariation  was  less  excessive  (Cahours). 

Formic  acid  vapour  was  observed  by  M.  Bineau  with  a  specific  gravity  as  high  as 
8230,  under  a  pressure  of  about  one-fiftieth  of  an  atmosphere,  and  at  the  tempera- 
ture of  51^  F.,  while  it  rarefied  to  1610  at  416^  Fahr.,  under  the  usual  atmospheric 
pressure.  The  two  sorts  of  molecular  groups  of  this  acid  correspond  respectively 
with  the  specific  gravities,  1590  and  3180;  in  the  first  case  the  ordinary  equivalent 
(Ct  H  0)+H  0;  gives  four,  and  in  the  second  two  equivalents  of  vapour. 

The  acetic  and  other  acids  of  this  class  were  formerly  supposed  to  give  three  vo- 
lomes  of  vapour,  but  it  is  doubted  whether  the  proportions  of  three  and  six  volumes 
exist  at  all,  or  that  the  vaporous  molecule  of  compound  bodies  is  ever  divisible 
except  by  2,  4,  or  8.  Three  compounds  of  silicium  form  exceptions  to  this  rule— 
the  chloride  Si  CI9,  and  the  corresponding  fluoride  and  ether,  which  give  three  vo- 
lumes. From  this  circumstance,  and  the  analogy  which  subsists  between  silicic 
acid|  and  the  titanic  acid  and  binoxide  of  tin,  it  has  been  proposed  to  diminish  the 

>  A  fignifies  Felix  d*Arcet;  B,  BAasen;  B\  Berard;  BA,  Blot  and  Arago;  BD»  Berzelios 
andDolong;  C,  Colin;  C\  Cruikahanks;  C",  Cahours;  D,  Dumas;  DB,  Dumas  and  Bous- 
aingault;  DB*,  Dumai  and  P.  Boullay;  DP,  Dumas  and  Peligot;  E,  Ebelmen;  E  and  B, 
Ebelmen  and  Bonquet;  F,  Fremy;  0-L,  Qay-Lassao;  GT,  Qay-Lussac  and  Tbenard;  L, 
liebig:  LP,  Ltebig  and  Pelouie;  M,  Mttscherlich ;  M*,  Malaguti;  P,  Piria;  PW,  PeleUer 
and  Walter;  B,  Begaanlt;  TS,  Theodore  de  Sanssure.  The  table  itself  is  that  given  by  M. 
Baadrimoat  in  Us  exoelleat  TniU  de  Chimie,  somewhat  modified  and  extended. 
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equivalent  of  silicium  one-third,  representing  silicic  acid  by  Si  Oj ;  and,  io 
quencc,  the  chloride  and  fluoride  of  silicium  and  silicic  ether  would  possess, 
state  of  vapour,  a  molecule  divisible  by  2.     Two  chlorinated  compounds  of  i 
and  the  sulphurct  of  mercury  are  the  only  other  substances  of  which  the  equii 
are  divided  in  the  table  by  6  or  3. 

The  specific  gravity  of  the  vapour  of  oil  of  vitriol  H  0,  S  Os,  was  found  t 
from  2500  at  630°  Fahr.,  to  1680  at  928°  Fahr.  This  substance  should  1 
density  of  1640  on  the  hypothesis  of  the  union  of  the  anhydrous  acid  and 
without  condensation ;  a  number  which  corresponds  suflBciently  well  with  ol 
tions  of  the  density  made  at  temperatures  above  750°  Fahr.  But  the  vapc 
the  acids  are  not  the  only  bodies  which  present  such  anomalies ;  the  oils  of  i 
and  fennel,  which  are  perfectly  neutral,  offer  similar  results.  Thus  the  vap 
the  oil  of  aniseed  varies  in  specific  gravity  from  5980  at  473°  Fahr.  to  5190  a 
Fahr.;  its  theoretical  density  being  5180.  The  greater  part,  however,  of  tb 
pound  ethers,  and  a  large  number  of  the  volatile  oils,  particularly  the  pure 
carbon  oils,  furnish,  at  from  60  to  80  degrees  above  the  boiling  pointy  ni 
which  accord  closely  with  theory. 

The  specific  gravity  of  the  peutachloride  of  phosphorus,  taken  by  M.  Mitsc' 
at  335°  Fahr.,  is  represented  by  4850,  which  led  to  the  conclusion  that  the  m 
of  this  compound  gives  six  volumes  of  vapour.  But  M.  Cahours  finds  tl 
density  of  this  vapour  varies  with  the  temperature,  from  4990  at  374^  to  3 
621°:  about  554°  the  density  is  3680,  which  corresponds  with  eight  volui 
vapour. 

From  these  tables,  it  appears  that  a  simple  relation  always  subsists  betw< 
combiuinc  measures  of  different  bodies  in  the  gaseous  state : 

That  the  combining  measure  of  a  few  bodies  is  the  same  as  that  of  oxy, 
one  volume ;  of  a  large  number,  double  that  of  oxygen,  or  two  volumcM ;  ai 
still  larger  number,  four  times  that  of  oxygen,  or  four  volumes;  while  con 
measures  of  other  numbers  of  volumes,  such  as  three  and  six,  or  of  fraction 
tions  of  one  volume,  such  as  one-iliird,  are  comparatively  rare : 

That  the  specific  gravity  of  a  gas  may  be  calculated  from  its  atomic  weight, 
atomic  weight  from  the  specific  gravity,  as  they  are  necessarily  related  to  each 
Thus,  to  find  the  specific  gravity  of  a  vapour  like  that  of  phosphorus,  of  wh 
combining  measure  is  one  volume,  or  the  same  as  that  of  oxygen.  The 
gravities  of  two  bodies,  of  which  the  volumes  of  the  atoms  are  the  same,  m 
viously  be  as  the  weights  of  these  atoms.  Hence,  8  and  32  being  the  atomic  ^ 
of  oxygen  and  phosphorus,  and  1105-6,  the  known  specific  gravity  of  oxyg 
specific  gravity  of  phosphorus  vapour  is  obtained  by  the  following  proportion 

8  :  32  : :  1105-6  :  4422 

=  sp.  gr.  of  phosphorus  vapour. 

Secondly,  to  find  the  specific  gravity  of  a  vapour  like  that  of  fluorine,  of 
the  combining  measure  is  assumed  to  be  two  volumes,  or  double  that  of  < 
The  atomic  weight  of  fluorine  18*70, 

8  :  18-70  : :  1105-6  :  2584-34  = 

twice  the  specific  gravity  of  fluorine,  being  the  weight  of  two  volumes,  d 
specific  gravity  required  is  1292-17. 

These  cases  are  examples  of  a  general  rule,  that  the  specific  gravity  of  a  1 
the  stato  of  vapour  is  obtained  by  multiplying  the  atomic  weight  of  the  \ 
1105-6,  the  specific  gravity  of  oxygen,  and  dividing  by  8.  The  number  thu 
must  then  be  divided  by  the  number  of  volumes  which  are  known  to  comp 
combining  measure  of  vapour. 

The  specific  gravities  thus  calculated  are  generally  more  accurate  than  th 
tained  by  direct  experiment,  from  the  circumstance  that  the  operation  of  tak 
specific  gravity  of  a  gas  is  ccnenilly  less  susceptible  of  precision,  than  the  ol 
analyses  on  which  the  atomic  weights  arc  founded.     The  densities  of  vapoun 


ISOMORPHISM.  139 

only  a  few  degrees  above  tlieir  condensing  points,  arc  generally  a  little  greater  than 
the  truth,  owing  to  a  peculiarity  in  their  physical  constitution  which  was  formerly 
explained  (page  81).  Of  such  bodies,  therefore,  the  theoretical  is  a  necessary  check 
upon  the  experimented  density. 

SECTION   IV. — RELATION   BETWEEN   THE   CRYSTALLINE   FORM   AND   ATOMIC 

CONSTITUTION   OF   BODIES  —  1S0M0RPUI8M. 

Bodies  on  passing  from  the  gaseous  or  liquid  to  the  solid  state  generally  present 
themselves  in  crystals,  or  regular  geometrical  figures,  which  are  the  larger  and  more 
dbtinct  the  more  slowly  and  gradually  they  are  produced.  Their  formation  is  readily 
observed  in  the  spontaneous  evaporation  of  a  solution  of  sea-salt,  or  in  the  slow 
cooling  of  a  hot  and  saturated  solution  of  alum,  which  salts  assume  the  forms  of  the 
cube  and  regular  octohedron.  The  crystalline  form  of  a  body  is  constant,  or  subject 
only  to  certain  geometrical  modifications  which  can  be  calculated,  and  is  most  ser- 
yiceable  as  a  physical  character  for  distinguishing  salts  and  minerals.  Between 
bodies  of  similar  atomic  constitution,  a  relation  in  form  has  been  observed  of  great 
interest  and  beauty,  which  now  forms  a  fundamental  doctrine  of  physical  science, 
like  the  subjects  of  atomic  weights  and  volumes  just  considered. 

Gay-Lnssac  first  made  the  remark  that  a  crystal  of  potash-alum  transferred  to  a 
solution  of  ammonia-alum  continued  to  increase  without  its  form  being  modified, 
and  might  thus  be  covered  with  alternate  layers  of  the  two  alums,  preserving  its 
regularity  and  proper  crystalline  figure.  31.  Bcudant  afterwards  observed  that  other 
bodies,  such  as  the  sulphates  of  iron  and  copper,  might  present  themselves  in  crystals 
of  the  same  form  and  angles,  although  the  form  was  not  a  simple  one  like  that  of 
alum.  But  M.  Mitscherlich  first  recognised  this  correspondence  in  a  sufficient  num- 
ber of  cases  to  prove  that  it  was  a  general  conscquenc^Jf  similarity  of  composition 
in  different  bodies.  To  the  relation  in  form  he  appRd  the  term  isomorphism, 
(from  «KK,  equal,  and  f«vt^,  shape),  and  distinguished  bodies  which  assume  the 
same  figure  as  isomorphouSy  or  (in  the  same  sense)  as  similiform  bodies.  The  law 
at  which  he  arrived  is  as  follows : — "  The  same  number  of  atoms  combined  in  the 
same  way  produce  the  same  crystalline  form ;  and  crystalline  form  is  independent 
of  the  chemical  nature  of  the  atoms,  and  determined  only  by  their  number  and  re- 
lative position.'' 

This  law  has  not  been  established  in  all  its  generality,  but  perhaps  no  fact  is  cer- 
tainly known  which  is  inconsistent  with  it,  while  an  indisposition  which  certain 
classes  of  elements  have  to  form  compounds  at  all  similar  in  composition  to  those 
formed  by  other  classes,  limits  the  cases  for  comparison,  and  makes  it  impossible  to 
trace  the  law,  throughout  the  whole  range  of  the  elements,  in  the  present  state  of 
oar  knowledge  respecting  them. 

The  relation  of  isomorphism  is  most  frequently  observed  between  salts,  from 
their  superior  aptitude  to  form  good  crystals.  Thus  the  arseniate  and  phosphate  of 
soda  arc  obtained  in  the  same  form,  and  arc  exactly  alike  in  composition,  each  salt 
containing  one  proportion  of  acid,  two  of  soda,  and  one  of  water  as  bases,  together 
with  twenty-four  atoms  of  water  of  crystallization.  With  a  different  proportion  of 
water  of  crystallization,  namely,  with  fourteen  atoms,  and  the  other  constituents 
unchanged,  the  crystalline  form  is  totally  different,  but  is  again  the  same  in  both 
salts.  For  every  arseniate,  there  is  a  phosphate  corresponding  in  composition,  and 
identical  in  form ;  the  isomorphism  of  these  two  classes  of  salts  is  indeed  perfect. 
The  arsenic  and  phosphoric  acids  contain  each  ^\q  proportions  of  oxygen  to  one  of 
arsenic  and  phosphorus  respectively,  and  are  supposed  to  be  themselves  isomorphous, 
although  the  &ct  cannot  be  demonstrated,  as  the  acids  do  not  crystallize.  The 
elements,  phosphorus  and  arsenic,  are  also  known  to  be  isomorphous:  and  the 
isomorphism  of  their  acids  and  salts  is  referred  to  the  isomorphism  of  the  elements 
themselves ;  isomorphous  compounds  in  general  appearing  to  arise  from  isomorphous 
elements  unitiDg  in  the  same  manner  with  the  same  substance. 
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The  isomorphism  of  the  sulphate,  selenikte,  ohromate,  and  mangaaate  I 
same  base  is  likewise  clear  and  easily  observed;  each  of  the  acids  m  these 
containing  three  proportions  of  oxygen  to  one  of  selenium;  sulphur,  chromiun 
manganese,  themselves  presumed  to  be  isomorphous. 

Of  bases,  the  isomorphism  of  the  class  consisting  of  magnesia,  oxide  of 
oxide  of  cadmium,  and  the  protoxides  of  nickel,  iron  and  cobilt,  is  well  mari 
the  salts  which  they  form  with  a  common  acid,  and  is  particularly  obserrable 
double  salts  of  these  oxides,  such  as  the  sulphate  of  magnesia  and  potaasai  aui 
of  zinc  and  potassa,  sulphate  of  copper  and  potassa,  which  have  all  six  ata 
water  and  a  common  form.  The  sulphates  themselves  of  these  bases  differ, 
of  them  affecting  seven  atoms  of  water  of  crystallization,  while  the  milphi 
copper  affects  five;  but  those  with  the  seven  may  likewise  be  crystallised  in  t 
able  circumstances  with  five  atoms  of  water,  and  then  assume  the  form  of  the  i 
salt,  thus  exhibiting  a  second  isomorphism  like  the  arseniate  and  phosphate  at 

The  sesquioxides  of  the  same  class  of  metals  with  alumina  and  the  aeaqn 
of  chromium,  which  consist  of  two  atoms  of  metal  and  three  of  oxygen,  also 
an  instructive  example  of  isomorphism,  particularly  in  their  douUe  salts, 
sulphate  of  the  sesquioxide  of  iron  with  sulphate  of  potassa  and  twenty-foor 
of  water,  forms  a  double  salt  having  the  octohedral  form  of  sulphate  of  alumii 
potassa,  or  common  alum,  the  same  astringent  taste,  vrith  other  physical  and  eh 
properties  so  similar,  that  the  two  salts  can  with  difficulty  be  distinguished 
each  other.  The  salt  is  called  iron  alum,  and  there  are  corresponding  mam 
and  chrome  alums,  neither  of  which  contains  alumina,  but  the  sesquioxide  of 
ganese  and  sesquioxide  of  chromium  in  its  place,  with  the  proportions  of  m 
water  which  exist  in  common  alum.  In  all  these  salts  another  substitatioi 
occur  without  change  of  form ;  namely,  that  of  soda  or  oxide  of  ammoniom  i 
potassa  in  the  sulphate  of  potassa,  giving  rise  to  the  formation  of  what  are 
soda  and  ammonia  alums,  w 

Certain  facts  have  been  supposed  to  militate  against  the  principles  of  isomer] 
which  require  consideration. 

1.  It  appears  that  the  corresponding  angles  of  crystals  reputed  isomorpho 
not  always  exactly  equal,  but  are  sometimes  found  to  differ  two  or  three  di 
although  the  errors  of  observation  in  good  crystals  rarely  exceed  10'  or  2( 
degree.  But  it  has  been  shown  by  Mitschcrlich  that  a  difference  may  exist  be 
the  inclinations  of  two  series  of  similar  faces  in  different  specimens  of  the 
salt,  of  59^;  while  it  is  also  known  that  the  angles  of  a  crystal  alter  sensibly  ii 
relative  dimensions  with  a  change  of  temperature  (page  34).  The  angles  of  o 
arc,  therefore,  affected  in  their  values  within  small  limits  by  causes  of  an  acci 
character,  and  absolute  identity  in  crystalline  form  may  require  the  concnrrei 
circumstances  which  are  not  found  together  in  the  ordinary  modes  of  proc 
many  crystals,  which  are  still  truly  isomorphous. 

The  following  table  exhibits  the  inequalities  which  have  been  observed  be 
the  angles  of  certain  isomorphous  crystals : — 

Rhomhoidal  form. 

Carbonate  of  manganese  (diallogite)  108® 

"  lime  (calc-spar) lOS®  S' 

**  lime  and  magnesia  (dolomite) lOB^*  16^ 

*«  magnesia  (giobertite)  107**  25^ 

"  iron  (spathic  iron) lO?® 

««  zinc  (smithsonite) 107°  40^ 

Sgu(Er$  pritmaiie  tcUh  rhomhoidal  hate. 

Carbonate  of  lime  (arragonite) 116°  5^ 

"  lead  (ceruse) 117° 

"  strontia  (strontianite) 117°  82' 

••  baryta  (witherite) 118°  67' 
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Sulpliate  of  btryU 101«  42' 

"  lead  (anglesite) 103®  42' 

"  stronOa  (celestinc)  104®  8(K 

2.  It  appears  that  the  same  body  may  assume  in  different  circumstances  two 
forms  which  are  totally  dissimilar,  and  have  no  relation  to  each  other.  Thus  sulphur 
on  crystallizing  from  solution  in  the  bisulphide  of  carbon  or  in  oil  of  turpentine,  at 
a  temperature  under  100^,  forms  octohedrons  with  rhombic  bases,  but  when  melted 
by  itself  and  allowed  to  cool  slowly,  it  assumes  the  form  of  an  oblique  rhombic 
prism  on  solidifying  at  232^.  These  are  incompatible  crystalline  forms,  as  they 
cannot  be  derived  from  one  common  form.  Carbon  occurs  in  the  diamond  in  regular 
octohedrons,  and  in  graphite  or  plumbago  in  six>sided  plates,  forms  which  are  like- 
wise incompatible.  Sulphur  and  charcoal  have  each,  therefore,  two  crystalline  forms, 
and  are  said  to  be  dimorphous^  (from  ^,  twice,  and  f^vt*?)  shape).  Carbonate  of 
lime  is  another  familiar  instance  of  dimorphism,  formitig  two  mineral  species,  oalc- 
apar  and  arragonite,  which  are  identical  in  composition,  but  differ  entirely  in  crystal- 
line fonn.  G.  Rose  has  shown  that  the  first  or  second  of  these  forms  may  be  given 
to  the  granular  carbonate  of  lime  formed  artificially,  according  as  it  is  precipitated 
at  the  temperature  of  the  air,  or  near  the  boiling  point  of  water.  Of  its  two  forms, 
carbonate  of  lime  most  frequently  affects  that  of  calc-spar :  but  carbonate  of  lead, 
which  assumes  the  same  two  forms,  and  is  therefore  isodimorphbus  with  carbonate 
of  lime,  chiefly  affects  that  of  arragonite,  and  is  very  rarely  found  in  the  other  form. 
Had  these  carbonates,  therefore,  been  each  known  only  in  its  common  form,  their 
isomorphism  would  not  have  been  suspected, — an  important  observation,  as  the 
want  of  isomorphism  between  certain  other  bodies  may  be  caused  by  their  being 
really  dimorphous,  although  the  two  forms  have  not  yet  been  perceived.  Ciystalli- 
lation  in  three  forms  is  not  unknown :  thus  titanic  acid  is  found  in  three  distinct 
forms,  as  the  minerals  rutile,  brookite,  and  anatasc. 

3.  The  observation  of  the  isomorphism  of  bodies  is  of  the  greatest  value  as  an 
indication  that  they  possess  a  similar  constitution,  and  contain  a  like  number  of 
atoms  of  their  constituents.  I3ut  it  roust  be  admitted  that  the  most  perfect  coinci- 
dence in  form  is  likewise  observed  between  certain  bodies  which  are  quite  different 
in  composition.  Thus  bisulphate  of  potassa  is  dimorphous,  and  crystallizes  in  one 
of  the  two  forms  of  sulphur  (Mitscherlich).  Nitrate  of  potassa  in  common  nitre 
has  the  form  of  arragonite,  and  occurs  also,  there  is  reason  to  believe,  in  microscopic 
crystals  in  the  form  of  calc-spar.  Nitrate  of  soda,  again,  has  the  form  of  calc-spar. 
Permanganate  of  baryta  and  the  anhydrous  sulphate  of  soda  likewise  crystallize  in 
one  form.  Between  the  first  pair,  sulphur  and  bisulphate  of  potassa,  the  absence 
of  all  analogy  in  composition  is  sufficiently  obvious,  notwithstanding  their  isomor- 
phism. Between  nitrate  of  potassa  and  carbonate  of  lime,  and  between  permanga- 
nate of  baryta  and  sulphate  of  soda,  there  is  no  similarity  of  composition,  on  Uie 
ordinary  view  which  is  taken  of  the  constitution  of  these  salts,  but  both  of  these 
pairs  have  been  assimilated,  in  speculative  views  of  their  constitution  proposed  by 
Mr.  Johnston  (Philos.  Mag.  third  series,  vol.  xii.  page  480)  in  regard  to  the  first 
pair,  and  by  Dr.  Clark  (Records  of  General  Science,  vol.  iv.  page  45)  in  regard  to 
the  second,  which  merit  consideration,  although  the  hypotheses  cannot  be  both  cor- 
rect, as  they  are  based  upon  incompatible  data.  To  these  may  be  added,  the  sulphate 
of  baryta  with  perchlorate  and  permanganate  of  potassa:  BaO,  SO3  with  KO,  CIO7 
and  KO,  Mn^  Ot.  The  sulphide  of  antimony  with  sulphate  of  magnesia :  Sb  S3* 
with  MgO,  8O3+7IIO.  Borax  with  augite,  labradorite  and  anorthite,  quartz  and 
chabasite,  mohsite  and  eudialite,  anatasc  and  apophyllite,  zircon  and  wemerite,  man- 
ganitc  and  prehnite.  Copper  pyrites,  Cu  Fe  §2,  has  also  the  same  form  as  braunito 
or  sesquioxide  of  manganese,  Mn,  O3.  Lcucite  and  analcime  both  belong  to  the 
regular  system,  and  are  aluminous  silicates  of  similar  composition ;  but,  while  tho 
first  contams  one  equivalent  of  potassa,  the  other  contains  one  equivalent  of  soda 
+  2H0. 
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The  nitrite  of  lead  has  the  same  octohcdral  figure  as  the  nitrate  of  lead,  wif 
atoms  of  oxygen  less  in  its  acid. 

Of  examples  of  identity  of  crystalline  form  without  any  well-established  re 
in  composition^  many  others  might  be  quoted,  if  occurrence  in  the  simple  foi 
the  cube  and  regular  octohedron  should  oe  allowed  to  constitute  isomorphism, 
example :  carbon,  sea-salt,  arsenious  acid,  galena,  the  magnetic  oxide  of  ira 
alum,  all  occur  in  octohedrons,  although  they  are  no  way  related  in  compo 
But  these  simple  forms  are  so  common,  that  they  can  be  held  as  affording  no 
of  isomorphism,  unless  in  cases  where  it  is  to  be  expected  from  admitted  sim 
of  composition,  as  between  the  different  alums,  or  between  chrome  iron  ai 
magnetic  oxide  of  iron,  Cr^  O3,  FeO  and  Fcj  Os,  FeO. 

But  notwithstanding  the  occurrence  of  such  apparently  fortuitous  coincidei 
form,  isomorphism  must  still  be  considered  as  the  surest  criterion  of  similai 
composition  which  we  possess.  Truly  isomorphous  bodies  generally  correspot 
variety  of  other  properties  besides  external  form.  Arsenic  and  phosphorus  rei 
each  other  remarkably  in  odour,  although  the  one  is  a  metal  and  the  other 
metallic  body,  while  the  corresponding  arseniates  and  phosphates  agree  in  ta 
solubility,  in  the  degree  of  force  with  which  they  retain  water  of  crystallizatio 
in  various  other  properties.  The  selcniate  and  sulphate  of  soda,  with  ten  at 
water,  which  are  isomorphous,  are  both  eflSiorescent  salts,  and  correspond  ii 
bility,  even  so  far  as  to  agree  in  an  unwonted  deviation  from  the  usually  oh 
increasing  rate  of  solubility  at  high  temperatures,  both  salts  being  more  sob 
water  at  100**  than  at  212®.  In  fact,  isomorphism  appears  to  be  always  accom 
by  many  common  properties,  and  to  be  the  feature  which  indicates  the  close: 
tionship  between  bodies. 

It  will  afterwards  appear  that  the  more  nearly  bodies  agree  in  compositioi 
are  the  more  likely  to  act  as  solvents  of  each  other,  or  to  be  miscible  in  the 
form.  An  attraction  for  each  other  of  the  same  character  is  probably  the  ca 
the  easy  blending  together  of  the  particles  of  isomorphous  bodies,  and  of  th 
culty  of  separating  them  after  they  arc  once  dissolved  in  a  common  menst 
such  isomorphous  salts  as  the  permanganate  and  pcrchlorate  of  potassa  may,  i 
crystallize  apart  from  the  same  solution,  owing  to  a  considerable  difference  0I 
bility ;  and  potassa-alum  may  be  purified,  in  a  great  measure,  by  crystalli 
from  iron-alum,  which  is  more  soluble,  and  remains  in  the  mother-liquor;  bu 
isomorphous  salts,  such  as  the  sulphates  of  iron  and  copper,  or  the  iodide  an< 
ride  of  potassium,  when  once  dissolved  together,  do  not  crystallize  apart,  bu 
pose  homogeneous  crystals,  which  are  mixtures  of  the  two  salts  in  indefinite  ] 
tions.  This  intermixture  of  isomorphous  compounds  is  of  frequent  occurrc 
minerals,  and  was  quite  inexplicable,  and  appeared  to  militate  against  the  d 
of  combination  in  definite  proportions,  till  the  power  of  isomorphous  bodies 
place  each  other  in  compounds  was  recognized  as  a  law  of  nature.  Thus,  in  | 
which  is  a  silicate  of  alumina  and  lime,  AljOs,  SiOa+SCaO  SiOj,  the  alur 
found  often  wholly  or  in  part  replaced  by  an  equivalent  quantity  of  peroxide  0; 
while  the  lime,  at  the  same  time,  may  be  exchanged  wholly  or  in  part  for  pre 
of  iron,  or  for  magnesia,  without  the  proper  crystalline  character  of  the  n 
being  destroyed.  Ilence  the  composition  of  mineral  species  is  most  propei 
pressed  by  general  formulae,  where  a  letter,  such  as  R,  expresses  an  equivali 
metal  which  may  be  calcium,  magnesium,  manganese,  iron,  &c. : — 

The  Pyroxenes  by  3110,  2Si03. 

The  Epidotes  by  3R0,  2A1A,  SSiOa. 

*^*  The  various  forms  of  crystals  were  first  Imppily  described  by  Professor  W< 
Berlin,  by  reference  to  "crystalline  axes,"  -which  arc  three  straight  lines  passing  tl 
the  same  point,  and  terminating;  in  the  surfaces  or  angles  of  the  crystal.  The  simple 
18  that  in  which  the  three  axes  cross  each  other  at  right  angles,  and  are  equal  in  lenj 
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represented  (fig.  58) ;  c  being  the  vertical,  and  a  and  b  the  two  horizontal  axes.    A  crystal 
is  formed  by  applying  planes  m  three  principal  ways  to  these  axes. 

1.  By  applying  six  planes  so  that  each  shall  be  perpendicular  to  one  axis  and  parallel  to 
the  other  two,  the  hexahedron,  or,  as  it  is  more  commonly  termed,  the  cube  (fig.  ^4),  is 
formed.     Uer«  the  axes  terminate  in  the  centre  of  each  of  the  six  faces  of  the  crystaL 


Fig.  68. 


Fia.  54. 
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2.  By  applying  one  plane  to  an  extremity  of  each  of  the  three  axes,  as  to  the  points  a,  b, 
and  c  (fig.  63),  and  seven  planes  in  the  same  manner  to  other  extremities,  the  regular  octo- 
hedron  is  produced,  of  which  the  eight  faces  or  planes  are  all  equilateral  triangles  (fig.  55). 
The  ases  here  terminate  in  the  angles  of  the  crystal. 

8.  The  plane  may  be  applied  to  the  extremities  of  two  axes,  and  be  parallel  to  the  third, 
which  will  require  twelve  planes  to  close  the  figure,  and  give  r^'^e  to  the  rhombic  dodecahe- 
dron (fig.  5C). 


Fio.  55. 


Fia.  56. 


In  these  three  principal  forms,  the  planes  are  applied  to  the  axes  at  equal  distances  from 
the  centre.  They  may  also  cut  the  axes  at  unequal  distances  from  the  centre,  giving  xie% 
to  four  other  less  iisual  forms. 

A  body  in  crystallizing  may  assume  any  of  these  forms,  the  only  thing  constant  being  the 
crystalline  axes.  Hence  common  salt  crystallizes  both  in  the  cube  and  octohedron,  although 
most  usually  in  the  former  %gnre  ;  and  the  magnetic  oxide  of  iron  both  in  the  octohedron 
and  rhombic  dodecahedron.  A  body  may  even  assume  several  of  these  forms  at  the  same 
time ;  that  is,  may  present  at  once  faces  of  the  cube,  octohedron,  and  dodecahedron.  Of 
the  octohedral  crystals  of  alum,  for  instance,  the  solid  angles  are  always  found  to  be  cut  or 
truncated  by  planes  which  belong  to  the  cube  of  the  same  axes  (fig.  57) ;  and  the  edges  of 
the  octohedron  in  the  same  salt  are  sometimes  removed  or  bevelled  by  the  faces  of  the  dode- 
oJiedron  (fig.  58).  Fig.  59  represents  a  combination  of  all  these  three  forms ;  and  similar 
or  even  more  complicated  combinations  are  often  found  in  nature. 
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FiO.  69.  T)i«  groups  of  foms   tlma  Mtociattd,  t 

dedueible  from  the  same  ties,  eoaititol* 
Ealletl  k  "aygtem  of  orystalUution."  Six* 
terns  are  enumeniled  by  Weiss,  to  soma  one  ' 
eiery  crystalline  body  belongs. 

1.  The  octohednl  or  regalar  sjitem  of  t 
ihtioa,  iritU  the  thrte  piiocipBl  sua  at  ligl 
to  eitoh  olher,  and  equal  in  leogth.  It  is  thai 
described. 

2,  The  aqnare  prismatic,  with  tb«  axes 
angles,  but  two  only  of  tfaem  eqoal  in  tengtl 

5.  The  right  prismiUc,  vitli  the  ftiM  at  i 
gles,  but  nneqaal  in  lengtii. 

4.  The  Thorn  bobedral,  with  the  axN  sq 
OTOBsing  at  equal  but  not  right  angles. 

6.  The  oblique  prigmatic,  with  two  of  i 
intersecting  each  other  obliquely,  while  tLi 
perpendiciniir  to  bolh,  »ad  unequal  in  leogtl 

6.  The  doubly-eUiqne  prismatic,  with  all  three  axes  intersecting  each  other  o 
knd  nneqoal. 

By  the  apposition  of  planes  to  these  different  seta  of  crystalline  axes,  in  the  san 
as  to  Uie  axei  of  the  regular  system,  series  of  forma  are  prodticed,  baring  a  general 
in  aU  the  lystema,  but  specifically  different. 

For  additional  information  on  the  subject  of  cr^etallography,  which,  although  hi 
portant  to  the  chemical  inquirer,  is  not  eincdy  a  department  of  chemistry,  refen 
be  mode  to  the  Essay  of  Dr.  Whewell,  io  the  Phil.  Traus.  for  182G ;  to  an  Esm 
Leeion,  in  the  Memoirs  of  the  Chemical  Society,  toI.  iii. ;  the  Gennaa  Elements  ol 
logmphj  of  0.  Bxjse ;  the  Systems  of  Crystallography  of  Professor  Miller  and  1 
Griffin  j  and  to  a  short  work  lately  published,  entitled  "  Elements  de  CtTStallograi 
M.  J.  Miiller,  traduits  de  TAllemiind  par  Jerome  NicMes,"  which  appears  to  be  welf 
to  the  wants  of  the  chemist.  A  full  list  of  isomorpbous  substances  is  ^ren  by  U 
in  his  LoTaluable  Ilandbucli  dtr  Chemix,  Tol.  i.  p.  S3. 

CLASSIFICATION  OF  £LBUENTB. 

The  extent  to  which  tho  i£Oinor|)honB  relntloDS  of  bodies  have  been  tni 
^pear  on  rcTicning  the  groupH  or  natural  families  in  which  tbe  elements 
Bmnffod,  and  obacrring  the  linkg  by  which  the  different  gronpa  themBclvea 
nectcd;  these  classes  not  being  abruptly  sepatatod,  but  shading  into  each 
their  characters,  like  the  claaaea  created  by  the  naturalist  for  tho  objecta  ol 
ganic  world. 

I,  Sulphur  Clau. — This  elass  compiiees  four  elementary  bodies :  ozt( 
phur,  selenium,  tellurium.  Tho  three  last  of  these  elements  exhibit  tlu 
parallelism  in  their  own  properties,  in  tbe  range  of  their  affinities  for  othei 
and  in  the  properties  of  their  analogous  compounds.  They  all  form  gases  1 
atom  of  hydrogen,  and  powerful  acids  with  tbrco  atoma  of  oxygen,  of  wl 
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salts,  the  sulphates,  selcniatcs,  and  tcllurat<js  arc  isomorphous ;  and  the  same  rela- 
tion undoubtedly  holds  in  all  the  corresponding  compounds  of  these  elements. 

Oxygen  has  not  yet  been  connected  with  this  group  by  a  certain  isomorphism  of 
any  of  its  compounds;  but  a  close  correspondence  between  it  and  sulphur  appears, 
in  their  compounds  with  one  class  of  metals  being  alkaline  bases  of  similar  proper- 
ties, forming  the  two  great  classes  of  oxygen  and  sulphur  bases,  such  as  oxide  of 
potassium  and  sulphide  of  potassium ;  and  in  their  compounds  with  another  class 
of  elements  being  similar  acids,  giving  rise  to  the  great  classes  of  oxygen  and  sul- 
phur acids,  such  as  arsenious  and  sulphursenious  acids.  They  farther  agree  in  the 
analogy  of  their  compounds  with  hydrogen,  particularly  of  binoxide  of  hydrogen 
and  bisulphide  of  hydrogen,  both  of  which  bleach,  and  are  remarkable  for  their  in- 
fitability ;  and  in  the  analogy  of  the  oxide,  sulphide,  and  telluride  of  ethyl,  and  of 
alcohol  and  mercaptan,  which  last  is  an  alcohol  with  its  oxygen  replaced  by  sulphur. 
This  class  is  connected  with  the  next  by  manganese,  of  which  manganic  acid  is 
isomorphous  with  sulphuric  acid,  and  consequently  manganese  with  sulphur. 

II.  Magnesian  Class. — This  class  comprises  magnesium,  calcium,  manganese, 
iron,  cobalt,  nickel,  zinc,  cadmium,  copper,  hydrogen,  chromium,  aluminum,  gluci- 
Dum,  vanadium,  zirconium,  yttrium,  thorinum.  The  protoxides  of  this  class,  in- 
cluding water,  form  analogous  salts  with  acids.  A  hydrated  acid,  such  as  crystallized 
oxalic  acid  or  the  oxalate  of  water,  corresponding  with  the  oxalate  of  magnesia  in 
the  number  of  atoms  of  water  with  which  it  crystallizes,  and  the  force  with  which 
the  same  number  of  atoms  is  retained  at  high  temperatures;  hydrated  sulphuric  acid 
(11 0,  JS0,+1I0)  with  the  sulphate  of  magtiesia  (MgO,  80,+ HO).  The  isomor- 
phism of  the  salts  of  magnesia,  zinc,  cadmium,  and  the  protoxides  of  manganese, 
iron,  nickel,  and  cobalt,  is  perfect.  Water  (IIO)  and  oxide  of  zinc  (ZnO)  have 
both  been  observed  in  thin  regular  six-sided  prisms;  but  the  isomorphism  of  these 
crystals  has  not  yet  been  established  by  the  measurement  of  the  angles.  Oxide  of 
hydrogen  has  not,  therefore,  been  shown  to  be  isomorphous  with  these  oxide:^, 
although  it  greatly  resembles  oxide  of  copper  in  its  chemical  relations.  Lime  is  not 
so  clusvly  related  as  the  other  protoxides  of  this  group,  being  allied  to  the  following 
class.  iJut  its  carbonate,  both  anhydrous  and  hydrated,  its  nitrate,  and  the  chloride 
of  calcium,  assimilate  with  tho  corresponding  compounds  of  the  group;  while  to  its 
sulphate  or  gypsum,  CaO,  SO3+2HO,  one  parallel  and  isomorphous  compound,  at 
lexst,  can  be  adduced,  a  sulphate  of  iron,  FeO,  SOa-f  2H0  (Mitscherlich),  which  is 
also  sparingly  soluble  in  water,  like  gypsum.  .  Glucina  is  isomorphous  with  lime 
from  the  isomorphism  of  the  minerals  euclase  and  zoisite  (Brooke). 

The  salts  of  the  scsquioxido  of  chromium,  of  alumina,  and  glucina,  are  isomor- 
phous with  those  of  sesquioxido  of  iron  (Fe,  O3),  with  which  these  oxides  correspond 
in  composition ;  and  the  salts  of  manganic  and  chromic  acids  are  isomorphous,  and 
agree  with  the  sulphates.  The  \*anadiates  are  believed  to  be  isomorphous  with  the 
chromatcs.  Zirconium  is  placed  in  this  class,  because  its  fluoride  is  isomorphous 
with  that  of  aluminum  and  that  of  iron,  and  its  oxide  appears  to  have  the  same 
constitution  as  alumina;  and  yttrium  and  thorium,  solely  because  their  oxides,  sup- 
posed to  be  protoxides,  are  classed  among  the  earths. 

HI.  Barium  Class, — Barium,  strontium,  lead.  The  salts  of  their  protoxides, 
baryta,  strontia,  and  oxide  of  lead,  are  strictly  isomorphous,  and  one  of  them  at 
least,  oxide  of  lead,  is  dimorphous,  and  assumes  the  form  of  lime,  and  the  preceding 
class  in  the  mineral  plumbocaleite,  a  carbonate  of  lead  and  lime  (Johnston).  But 
certain  carbonates  of  the  second  class  are  dimorphous,  and  enter  into  the  present 
class,  as  the  carbonate  of  lime  in  arragonite,  carbonate  of  iron  in  junckcrite,  and 
carbonate  of  magnesia  procured  by  evaporating  its  solution  in  carbonic  acid  water  to 
dryness  by  the  water-bath  (G.  Rose),  which  have  all  the  common  form  of  carbonate 
of  strontia.     Indeed,  these  two  classes  are  very  closely  related. 

IV.  Potassium  Class. — The  fourth  class  consists  of  potassium,  ammonium,  so- 
dium, silver.     The  term  ammonium  is  applied  to  a  hypothetical  compound  of  one 
atom  of  nitrogen  and  four  of  hydrogen  (NU4);  which  is  certainly,  therefore,  not  an 
10 
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clcmcntarj  body,  and  probably  not  even  a  metal,  but  which  is  conveniently 
latcd  in  name  to  potassium,  as  these  two  bodies  occupy  the  same  place  in  1 
great  classes  of  potassa  and  ammonia  salts,  between  which  there  is  the  mo 
plcte  isomorphism.  Potassium  and  ammonium  themselves  are,  therefore,  : 
phous.  The  sulphates  of  soda  and  silver  are  similiform,  and  hence  also  the 
sodium  and  silver ;  but  their  isomorphism  with  the  preceding  pair  is  not  so 
established.  Soda  replaces  potassa  in  soda-alum,  but  the  fonn  of  the  crysta 
common  regular  octohcdron ;  nitrate  of  potassa  has  also  been  observed  in  mici 
crystals,  having  the  arragonitic  form  of  nitrate  of  soda,'  which  is  better  cvid 
isomorphism,  although  not  beyond  cavil,  as  the  crystals  were  not  measured, 
are  also  grounds  for  believing  that  potassa  replaces  soda  in  equivalent  quant 
the  mineral  cbabasite,  without  change  of  form.  The  probable  conclusion 
potassa  and  soda  arc  isomorphous,  hut  that  this  relation  is  concealed  by  dimoi 
except  in  a  very  few  of  their  salts. 

This  class  is  connected  in  an  interesting  way  with  the  other  classes  throi 
second.     The  subsulphide  of  copper  and  the  sulphide  of  silver  appear  to  be 
phous,  (see  sulphide  of  silver ,  under  silver,  in  this  work),  although  two  at 
copper  are  combiuod  in  the  one  sulphide,  and  one  atom  of  silver  in  the  oth< 
one  atom  of  sulphur;  their  formulae  being — 

Cu,  S  and  Ag  S. 

Are  then  two  atoms  of  copper  isomorphous  with  one  atom  of  silver  ?    In  the 
state  of  our  knowle<lge  of  isomorphism,  it  appears  necessary  to  admit  that  tl 

The  fourth  class  will  thus  stand  apart  from  the  second,  which  is  represe 
copper^  and  also  from  the  other  classes  connected  with  the  second,  in  so  fai 
atom  of  the  present  class  is  equivalent  to  two  atoms  of  the  other  classes  in 
duction  of  the  same  crystalline  form.  This  discrepancy  may  bo  at  once  remt 
halving  the  atomic  weight  of  silver,  and  thus  making  both  sulphides  to  cont 
atoms  of  metjil  to  one  of  sulphur.  13ut  the  division  of  the  equivalents  of 
potassium,  and  ammonium,  which  would  follow  that  of  silver,  and  the  consi< 
of  potassa  and  soda  as  suboxides,  are  assumptions  not  to  be  lightly  entertain* 

It  was  inferred  by  M.  Mosandor,  that  lime  with  an  atom  of  water  is  isom 
with  potassa  and  soda,  because  CaO-f  HO  appears  to  replace  KG  or  NaO  i 
type,  chabasite,  and  other  minerals  of  the  zeolite  family.  The  isomorpl 
natrolite  and  scolezite  is  so  explained  :  NaO,  Al^  O3,  SSiOa,  2110  with  CaO, 
28103,  3 no.  On  the  other  hand,  it  is  strongly  argued  by  31.  T.  Scheerer,  \ 
equivalent  of  magnesia  is  isomorphous  with  three  equivalents  of  water,  fi 
equality  of  the  forms  of  cordierite  and  a  new  mineral  aspasiolite,  the  first  coi 
MgO,  and  the  second  3 HO  in  its  place;  and  from  a  review  of  a  considerable 
of  nlumino-magnesian  minerals.  One  equivalent  of  oxide  of  copper,  how 
supposed  to  be  replaced  by  two  equivalents  of  water.* 

V.  Chlorine  Class.  —  Chlorine,  iodine,  bromine,  fluorine.  These  four  e 
form  a  well-defined  natural  family.  The  three  first  are  isomorphous  througho 
whole  combinations  —  chlorides  with  bromides  and  iodides,  chlorates  with  b 
and  iodatcs,  perchloratcs  with  pcriodates,  &c.;  and  such  fluorides  also  a.s 
compared  with  chlorides  appear  to  affect  the  same  forms.  The  fluoride  of 
of  apatite,  CaF,  3(3CaO,  PO5),  is  also  replaced  by  the  chloride  of  calcium 
connected  with  the  second  class  through  perchloric  acid;  the  perchloratc 
strictly  isomorphous  with  the  permanganates.  I3ut  the  formulae  of  these  tn 
ore — 

'  Frankcnheim,  in  Poggcndorff  *8  Annalen^  vol.  xl.  page  447.  See  also  a  paper  by  I 
Johnston  on  the  received  equivalents  of  potassa,  soda,  and  silver;  Phil.  Mag.  thir 
vol.  xii.  p.  824. 

•  Poggcndorff '3  Annalen  der  Physik  und  Chemie^  t.  Ixviii.  p.  319.  Also,  Millon  and 
AnnuQiro  dc  Chimie,  1847,  8vo.  Paris,  pp.  52  and  234. 
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CI  O7  and  Mrig  O7, 

one  atom  of  chlorine  replacing  two  atoms  of  manganese.  Or,  this  class  has  the 
same  isomorphnus  relation  as  the  preceding  class  to  the  others :  and  such  I  shall 
assume  to  be  its  true  relation.  Although  halving  the  atomic  weight  of  chlorine, 
which  would  give  two  atoms  of  chlorine  to  perchloric  acid,  is  not  an  improbable 
supposition,  still  it  would  load  to  the  same  strange  conclusion  as  follows  the  division 
of  the  equivalent  of  sodium, — namely,  that  chlorine  enters  into  its  other  com- 
pounds, as  well  as  into  perchloric  acid,  always  in  the  proportion  of  two  atoms; 
for  that  clement  is  never  known  to  combine  in  a  less  proportion  than  is  expressed 
by  its  presently  received  equivalent.  Cyanogen  (C2  N),  although  a  compound  body, 
has  some  claim  to  enter  this  class,  as  the  cyanides  have  the  same  form  as  the  chlo- 
rides. 

VI.  Phosphorus  Class.  —  Nitrogen,  phosphorus,  arsenic,  antimony,  and  bismuth; 
also  composing  a  well-marked  natural  group,  of  which  nitrogen  and  bismuth  are  the 
two  extremes,  and  of  which  the  analogous  compounds  exhibit  isomorphism.  These 
five  elements  all  form  gaseous  compounds  with  three  atoms  of  hydrogen ;  namely, 
ammonia,  phosphurctted  hydrogen,  arsenietted  hydrogen,  &c.  The  hydriodates  of 
ammonia  and  of  phosphurctted  hydrogen  are  not,  however,  isomorphous.  Arsenious 
acid  and  the  oxide  of  antimony,  both  of  which  contain  three  atoms  of  oxygen  to  one 
of  metal,  are  doubly  isomorphous.  Arsenious  acid  also  is  capable  of  replacing  oxide 
of  antimony  in  tirtratc  of  antimony  and  potassa  or  tartar  emetic,  without  change  of 
form ;  and  arsenic  often  substitutes  antimony  in  its  native  sulphide.  The  native 
sulphide  of  bismuth  (Bi  S3)  is  also  isomorphous  with  the  sulphide  of  antimony 
(Sb  S3).  Nitrous  acid  (NO*),  which  should  correspond  with  arsenious  acid  and 
oxide  of  antimony,  likewise  acts  occasionally  as  a  base,  as  in  the  crystalline  com- 
pound with  sulphuric  acid  of  the  leaden  chambers.  The  complete  isomorphism  of 
the  arseniatcs  and  phosphates  has  already  been  noticed.  But  phosphoric  acid  forms 
two  other  classes  of  salts,  the  pyrophosphates  and  metaphosphates,  to  which  arsenic 
acid  supplies  no  parallels. 

This  class  of  elements  is  connected  with  the  others  by  means  of  the  following 
links: — Bisulphide  of  iron  is  usually  cubic,  or  of  the  regular  system;  but  it  is 
dimorphous,  and,  in  spirkise,  it  passes  into  another  system,  and  has  the  form  of 
arsenide  of  iron ;  Fe  S,,  or  rather  Fe,  S4,  being  isomorphous  with  Fe2  As  Sj.  Again, 
bi:^lphide  of  iron,  in  the  pentagonal-dodecahedron  of  the  regular  system,  is  isomor- 
phous with  cobalt-glance,  Fcj  S4  with  C02  As  82 :  so  that  one  ecjuivalent  of  arsenic 
appears  to  be  isomorphous  with  2S.  This  is  also  supported  by  the  isomorphism  of 
the  sulphide  of  cadmium  and  sulphide  of  nickel  (Cd  S  and  Ni  S,  or  Cdg  S^  and  Nit 
S2),  with  the  arsenide  of  nickel  (Nig  As).  Tellurium  has  also  been  observed  ia  the 
same  form  as  metallic  arsenic  and  antimony.  The  phosphorus  class  approximates 
also  to  the  chlorine  class ;  nitrogen  and  chlorine  both  forming  a  powerful  acid  with 
five  equivalents  of  oxygen,  nitric  acid,  and  chloric  acid ;  but  of  the  many  nitrates 
and  chlorates  which  can  be  compared,  no  two  have  proved  isomorphous.  Nor  do 
the  metaphosphates  appear  at  all  like  the  nitrates,  although  their  formula)  corre- 
spond. 

Nitrogen,  it  must  be  admitted,  is  but  loosely  attached  to  this  class.  It  is  greatly 
more  negative  than  the  other  members  of  the  class,  approaching  oxygen  in  that 
character,  with  which,  indeed,  nitrogen  might  be  grouped,  N  being  equivalent  to 
20.  For  while  phosphurctted  hydrogen  is  the  hydride  of  phosphorus,  or  has 
hydrogen  for  its  negative  and  phosphorus  for  its  positive  constituent,  amtnonia  is 
undoubtedly  the  nitride  of  hydrogen,  or  has  nitrogen  for  its  negative  and  hydrogen 
for  its  positive  constituent.  The  one  should  be  written  PH3,  and  the  other  H3N  — 
a  difference  in  constitution  which  separates  these  bodies  very  widely.  An  import- 
ant consequence  of  classing  nitrogen  with  oxygen  is,  that,  in  the  respective  series 
of  compounds  of  these  elements,  cyanogen  becomes  the  analogue  of  carbonic  oxide, 
CjN  being  equivalent  to  CO,  or  rather  C^Oj. 
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VII.  Tin  Class.  —  Tin,  titanium.  Connected  by  the  isomorpLism  of 
acid  (TiOa]  in  rutile  with  peroxide  of  tin  (SnOf)  in  tin-stone.  Titanium 
nected  with  iron  and  the  second  class.  Ilmcnite  and  other  varieties  of  titai 
which  have  the  crystalline  form  of  the  scsquioxide  of  that  metal,  —  name 
of  specular  iron,  and  also  of  corundum  (alumina),  —  are  mixtures  of  a  sesq 
of  titanium  (Ti^Os)  with  sesquioxide  of  iron  (H.  Kose). 

VIII.  Gold  Class,  —  Gold,  which  is  isomorphous  with  silver  in  the  j 
state.  Gold  will  thus  be  connected,  through  silver,  with  sodium  and  the 
class. 

IX.  Platinum  Class.  —  Platinum,  iridium,  osmium.  From  the  i5om< 
of  their  double  chlorides.  The  double  bichloride  of  tin  and  chloride  of  po 
crystallizes  in  regular  octohcdrons,  like  the  double  bichloride  of  platinum  an 
sium,  and  other  double  chlorides  of  this  group ;  which,  although  not  alone  si 
to  establish  an  isomorphous  relation  between  this  class  and  the  seventh,  yet 
its  existence  (Dr.  Clark).  The  alloy  of  osmium  and  iridium  (IrOs)  is  isomt 
with  the  sulphide  of  cadmium  (CdS)  and  sulphide  of  nickel  (NiS) 
haupt). 

X.  7\mgsten  Class.  —  Tungsten,  molybdenum,  tantalum,  niobium,  an 
pium.  From  the  isomorphism  of  the  tungstatos  and  molybdatcs,  the  salts  of  t 
and  molybdic  acids,  WOs  and  MoOs.  Tantalic  acid  is  isomorphous  with  i 
acid :  tantalite  (FeO,  TaOj)  with  wolfram  (FeO,  WOs).  So  are  molyb 
chromic  acids,  the  tungstate  of  lime,  tungstatc  of  lead,  molybdatc  of  lead,  ai 
mate  of  lead  (in  the  least  usual  of  its  two  forms),  being  all  of  the  same  form 
establishes  a  relation  between  molybdic,  chromic,  sulphuric,  and  other  an 
acids  (Johnston,  Phil.  Mag.  8d  series,  vol.  xii.  p.  387).  Niobium  and  p 
are  introduced  into  this  class  as  they  replace  tantalum  in  the  tanta 
Bavaria. 

XI.  Carbon  Class.  —  Carbon,  boron,  silicium.  These  elements  arc  pi 
gether,  from  a  general  resemblance  which  they  exhibit  without  any  precise  i 
They  are  not  known  to  be  isomorphous  among  themselves,  or  with  any  ot 
mcnt.  They  are  non-metallic,  and  form  weak  acids  with  oxygen,  —  the  o 
consisting  of  two  of  oxygen  and  one  of  carbon,  and  the  boric  and  silicic  acidi 
are  generally  viewed  as  composed  of  three  of  oxygen  to  one  of  boron  and  a 
Silicic  acid  may,  perhaps,  replace  alumina  in  some  minerals,  but  thia 
certain. 

Of  the  elements  which  have  not  been  classed,  no  isomorphous  relations  aro 
They  are  mercury,  which  in  some  of  its  chemical  properties  is  analogous  t4 
and  in  others  to  copper,  cerium,  didyniium,  lanthanum,  lithium,  rhodium 
nium,  palladium,  and  uranium.  Kuthcnium,  however,  is  believed  to  be  isom> 
with  rhodium,  from  the  correspondence  in  composition  of  their  double  oh 
Bidymium  and  lanthanum  arc  also  probably  isomorphous  with  cerium,  as  t 
pear  to  replace  that  metal  in  cerite. 

According  to  the  original  law  of  Mitscherlioh,  that  isomorphism  depenc 
equality  in  the  number  of  atoms,  and  similarity  in  their  arrangement,  withov 
ence  to  their  nature,  the  elements  themselves  should  all  be  isomorphous.     ] 
the  metals  crystallize  in  the  simple  forms  of  the  cube  or  regular  octohedroOj 
are  not  sufficient  to  establish  this  relation.     But  the  isomorphism  of  a  large 
tion,  if  not  the  whole,  of  the  elements  may  be  inferred  from  the  isomorphism 
analogous  compounds.     Thus,  from  the  facts  just  adduced,  it  appears  that  th 
bers  of  the  following  large  class  of  elements  are  linked  together  from  the 
phism  of  one  or  more  of  their  compounds.    This  large  class  may  be  subdivid 
sipaller  classes,  between  the  members  of  which  isomorphism  is  of  more  t 
occurrence;  and  which  are  then  to  be  viewed  as  isomorphous  groups. 
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1.  Sulphur 
Selenium 
Tellurium 


2.  Magnesium 
Calcium 
Manganese 
Iron 
Cobalt 
Nickel 
Zinc 

Cadmium 
Copper 
Chromium 
Aluminum 
Glucinum 
Vanadium 
Zirconium 


ISOMORPHOUS  ELEMENTS. 

3.  Barium 
Strontium 
Lead 


4.  Tin 

Titanium 


6.  Platinum 
Iridium 
Osmium 


6.  Tungsten 
Molybdenum 
Tantalum 


With  two  atoms  of  ike 
preceding  elements. 

7.  Sodium 
Silver 
Gold 

Potassium 
Ammonium 

Chlorine 

Iodine 

Bromine 

Fluorine 

Cyanoffen 

9.  Phosphorus 
Arsenic 
Antimony 
Bismuth 


The  tendency  of  discovery  is  to  bring  all  the  elements  into  one  class,  either  as  iso- 
morphous  atom  to  atom,  or  with  the  relation  to  the  others  which  sodium^  chlorine, 
and  arsenic  exhibit. 

But  must  not  isomorphism  be  implicitly  relied  upon  in  estimating  atomic  weights, 
and  the  alterations  which  it  suggests  be  adopted  without  hesitation  in  every  case  ? 
Chemists  have  always  been  most  anxious  to  possess  a  simple  physical  character  by 
which  atoms  might  be  recognised ;  and  equality  of  volume  in  the  gaseous  state, 
equality  of  specific  heat,  and  similarity  in  crystalline  form,  have  all  in  their  turn 
been  upheld  as  affording  a  certain  criterion.  The  indications  of  isomorphism  cer- 
tainly accord  much  better  than  those  of  the  other  two  criteria  with  views  of  the  con- 
stitution of  bodies  derived  from  considerations  purely  chemical,  and  are  indeed 
invaluable  in  establishing  analogy  of  composition  in  a  class  of  bodies,  by  supplying 
a  precise  character  which  can  be  expressed  in  numbers,  instead  of  that  general  and 
ill-defined  resemblance  between  allied  bodies,  which  chemists  perceived  by  an  ac- 
quired tact  rather  than  by  any  rule,  and  which  was  heretofore  their  only  guide  in 
classification.  Admitting  that  isomorphism  is  a  certain  proof  of  similarity  of  atomic 
constitution  within  a  class  of  elements  and  their  compounds,  it  may  still  be  doubted 
whether  the  relation  of  the  atom  to  crystalline  form  is  the  same  without  modifica- 
tion throughout  the  whole  series  of  the  elements,  or  whether  all  atoms  agree  exactly 
in  this  or  any  other  physical  character. 

Crystalline  form  and  the  isomorphous  relation  may  prove  not  to  be  a  reflection 
of  atomic  constitution,  or  immediately  and  necessarily  connected  with  it,  but  to  arise 
from  some  secondary  property  of  bodies,  such  b3  their  relation  to  heat ;  in  which  a 
simple  atom  may  occasionally  resemble  a  compound  body,  as  we  find  sulphur  iso- 
morphous in  one  of  its  forms  with  bisulphatc  of  potassa ;  while  we  fiud  another  sim- 
ple atom,  potassium,  isomorphous  through  a  long  series  of  compounds  with  the 
group  of  fiYB  atoms  which  constitute  ammonium.  The  occurrence  of  dimorphism 
also,  both  in  simple  and  compound  bodies,  gives  to  crystalline  form  a  less  funda- 
mental character. 

Ib  it  probable  that  sulphur  and  carbonate  of  lime  could  be  made  to  appear  in  sets 
of  crystals  which  are  wholly  unlike,  merely  by  a  slight  change  of  temperature,  if 
form  were  the  consequence  of  an  invariable  atomic  constitution  ?  Crystalline  form, 
then,  may  possibly  depend  upon  some  at  present  unknown  property  of  bodies,  which 
may  have  a  frequent  and  general,  but  certainly  not  an  invariable  relation  to  their 
atomic  constitution.  There  may  be  nothing  truly  inconsistent  with  the  principles 
of  isomorphism  in  one  atom  of  a  certain  class  of  elements  having  the  same  crystallo- 
graphio  value  aa  two  atoms  of  another  class,  the  relation  which  has  been  assumed  to 
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exist  between  the  sodium,  chloriDc,  and  phosphorus  classes,  and  the  othc 
ticularly  when  the  classes  stand  apart,  and  dificr  in  their  properties  from 
others,  as  those  of  sodium  and  chlorine  do. 


SECTION  V. — ALLATEOPY. 

Many  solid,  and  a  few  liquid  bodies  admit  of  a  variation  of  properties,  t 
present  different  appearances  at  the  same  temperature. 

Dimorphism,  or  the  assumption  of  two  incompatible  crystalline  forms 
same  body,  in  different  circumstances,  has  already  been  noticed  as  occurri 
sulphur,  carbon,  carbonates  of  lime  and  lead,  bisulphate  of  potassa,  and  c 
of  lead.  It  is  also  observed  in  the  biphospliate  of  soda,  and  in  a  consideral 
ber  of  minerals.  The  sulphate  of  nickel  (NiO,  SOa  +  THO)  is  trimorphc 
other  salts  of  similar  composition,  such  as  sulphate  of  magnesia  and  sul] 
zinc,  have  been  found  in  two  only  of  these  forms.  Dimorphous  crystals  mi 
in  density,  the  densities  of  calc-spar  and  arraconite,  the  forms  of  carbonate 
being  2.719  and  2.949,  and  indeed  all  rescniblance  in  properties  between  < 
tals  may  be  lost,  as  in  diamond  and  graphite,  the  two  forms  of  carbon.  \ 
ticular  form  assumed  by  sulphur  and  carbonate  of  lime,  which  may  be 
crystallize  in  either  of  their  forms  at  will.  Is  found  to  depend  upon  the  d( 
temperature  at  which  the  solid  is  produced ;  carbonate  of  lime  being  prec 
on  adding  chloride  of  calcium  to  carbonate  of  ammonia,  in  a  powder,  of  wl 
grains  have  the  form  of  calc-spar  or  of  arragonite,  according  as  the  temper 
the  solution  is  50**  or  150°  (G.  Hose,  Phil.  Mag.  3d  scries,  vol.  xii.  p.  4\ 
Ijurge  crystal  of  arragonite,  when  heated  by  a  spirit-lamp,  decrepitates,  and  i 
a  powder  composed  of  grains  of  calc-spar.  Native  carbonate  of  iron  is  isodim 
with  carbonate  of  lime;  as  spathic  iron  its  specific  gravity  is  3.872,  as  ju 
3.815.  The  crystals  of  sulphur  produced  at  the  higher  of  two  temperal 
come  opaque  when  kept  for  some  days  in  the  air,  and  pass  spontaneously  : 
other  form ;  while  the  crystals  produced  at  the  lower  temperature  are  disin 
and  changed  into  the  other  form  by  a  moderate  heat.  These  observations 
portant,  as  establishing  a  relation  between  dimorphism  and  solidification  at 
temperatures. 

A  considerable  variation  of  properties  is  likewise  often  observable  in  a  soli 
is  not  crystalline,  or  of  which  the  crystalline  form  is  indeterminate.     This 
been  designated  allairopy  by  Berzelius  (from  dxxotportoj,  of  a  different  natu 
morphism,  or  diversity  in  crystalline  form,  is,  therefore,  a  particular  case 
tropjr.     Sulphide  of  mercury  obtained  by  precipitating  corrosive  sublimate  b 
sulphuric  acid,  is  black ;  but  the  same  body,  when  sublimed  by  heat,  or  p 
by  agitating  mercury  in  a  solution  of  the  persulphide  of  potassium,  forms  c 
of  which  the  powder  is  the  red  pigment  vermilion ;  while  vermilion  itself,  i: 
till  sulphur  begins  to  sublime  from  it,  and  then  suddenly  thrown  into  col 
becomes  black ;  although,  if  allowed  to  cool  slowly,  it  remains  red.     Yet  it : 
same  composition  exactly  in  the  black  and  red  states.     The  iodide  of  mercui 
sublimed  is  of  a  lively  yellow  colour,  and  may  remain  so  for  a  long  time 
generally  Begins  to  pass  into  a  fine  scarlet  on  cooling,  and  may  be  made  to 
this  change  of  colour  in  an  instant  by  strongly  pressing  it :  these,  however, 
different  crystalline  forms.     The  precipitated  sulphide  of  antimony  may  be  t 
of  the  water  it  contains,  at  the  melting  point  of  tin,  without  losing  its 
orange  colour;  but,  when  heated  a  little  above  that  temperature,  it  shrii 
assumes  the  black  colour  and  metiiUic  lustre  of  the  native  sulphide,  witb 
loss  of  weight.     Again,  the  black  sulphide,  when  heated  strongly  and  thro 
water,  loses  its  metallic  lustre,  and  acquires  a  good  deal  of  the  appearana 
precipitated  sulphide.     Chromate  of  lead,  which  is  usually  yellow,  if  fui 
thrown  into  cold  water,  gives  a  red  powder.     The  nitrates  of  lead  are  soi 
white,  and  sometimes  yellow;   and  crystals  of  sulphate  of  manganese  oi 
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deposited  from  the  same  solution,  some  of  which  arc  pink,  and  others  colourless, 
although  identical  in  composition. 

Such  difforcncos  of  colour  are  permanent,  and  not  to  be  confounded  with  changes 
which  are  peculiar  to  certain  tempenitures :  thus*  oxide  of  zinc  is  of  a  lemon-yellow 
colour,  when  strongly  heated,  but  milk-white  at  a  low  temperature ;  the  oxide  of 
mercury  is  much  redder  at  a  high  than  at  a  low  temperature,  and  bichromate  of 
potassia,  which  is  naturally  red,  becomes  almost  black  when  fused  by  heat.  Even 
Dxlies  in  the  giscous  state  are  liable  to  transient  changes  of  this  kind,  the  browa 
nitrous  fumes  being  nearly  colourless  below  zero,  and  on  the  other  hand  deepening 
greatly  in  colour  at  a  high  temperature. 

The  condition  of  glass  is  a  remarkable  modification  of  the  solid  form  assumed  by 
many  bodies.  Matter  in  this  state  is  not  crystallized,  and  on  breaking,  presents 
curved  and  not  plain  surfaces,  or  its  fracture,  in  mineralogical  language,  is  con- 
choid al,  and  not  sparry.  The  indisposition  to  crystallize,  which  causes  solidification 
in  the  form  of  glass,  is  more  remarkable  in  some  bodies,  such  as  phosphoric  and 
boracic  acids,  and  their  compounds,  than  in  others.  The  biphosphatc  and  binarsc- 
niatc  of  soda  have  the  closest  resemblance  in  properties,  yet  when  both  are  fused  by 
a  lamp,  the  first  solidifies  on  cooling  into  a  transparent  colourless  glass,  and  the 
second  into  a  white  opake  mass  composed  of  interlaced  crystalline  fibres.  The 
phosphate  at  the  same  time  discharges  sensibly  less  heat  than  the  arseniat?,  in  solidi- 
fying, retaining  probably  a  portion  of  its  heat  of  fluidity,  or  latent  heat  in  a  state 
of  combination,  while  a  glass.  None  of  the  compounds  of  silicic  acid  and  a  single 
base,  such  •ds-  soda  or  lime,  or  simple  silicate,  becomes  a  glass  on  cooling  from  a  state 
of  fusion,  with  the  exception  of  the  silicate  of  lead  containing  a  great  excess  jf  oxide: 
they  all  crystallize.  But  a  mixture  of  the  same  silicates,  when  fused,  exhibits  a 
peculiar  \iscosity  or  tenacity,  appears  to  have  lost  the  faculty  of  crystallizing,  and 
con3t;intly  forms  a  glass.  The  varieties  of  glass  in  common  use  are  all  such  mix- 
tures of  silicates.  Glass  is  sometimes  devitrified  when  kept  soft  by  heat  for  a  long 
time,  owing  to  the  separation  of  the  silicates  from  each  other,  and  their  crystalliza- 
tion ;  and  the  less  mixed  glasses  are  known  to  bo  most  liable  to  this  change.  It  is 
probable  that  all  bodies  differ,  when  in  the  vitreous  and  in  the  crystalline  form,  in 
the  proportion  of  combined  heat  which  they  possess,  as  has  been  observed  of  melted 
Bugar  (page  Gl)  in  these  two  conditions. 

.  Arscnious  acid,  when  fused  or  newly  sublimed,  appears  as  a  transparent  glass  of 
a  light  yellow  tint;  but  left  to  itself,  it  slowly  becomes  opake  and  milk  white,  the 
change  commencing  at  the  surface  and  advancing  to  the  centre,  and  often  requiring 
years  to  complete  it,  in  a  considerable  mass.  The  arscnious  acid  is  no  longer  vitrei- 
ous,  being  changed  into  a  multitude  of  little  crystals,  whence  results  its  opacity; 
and  it  has  altered  slightly  at  the  same  time  in  density  and  in  solubility.  But  the 
passage  from  the  vitreous  to  the  crystalline  state  may  take  place  instantaneously^ 
and  give  rise  to  an  interesting  phenomenon  observed  by  H.  Rose.  The  vitreous 
arscnious  acid  seems  to  dissolve  in  dilute  and  boiling  hydrochloric  acid  without 
change,  but  the  solution  on  cooling  deposits  crystals  which  are  of  the  opake  acid, 
and  a  flash  of  light,  which  may  be  perceived  in  the  dark,  is  emitted  in  the  formation 
of  each  crystal.  This  phenomenon  depends  upon  and  indicates  the  transition,  for  \t 
docs  not  (xjcur  whon  arscnious  acid  already  opaque  is  substituted  for  vitreous  acid, 
and  dissolvcil  and  allowed  to  crystallize  in  the  same  manner. 

A  still  greater  change  tlian  those  described,  is  induced  upon  certain  bodies  by 
exposure  to  a  high  temperature,  without  any  corresponding  change  in  their  compo- 
sition. Several  metallic  peroxides,  such  as  alumina,  scsquioxide  of  chromium  and 
binoxide  of  tin,  cease  to  be  soluble  in  acids  after  being  heated  to  redness.  The 
same  is  true  of  a  variety  of  salts,  such  as  many  phosphates,  tungstates,  antimouiatcs, 
and  silicates.  Many  of  these  bodies  contain  water  in  combination,  when  most 
readily  dissolved  by  acids,  which  con:5tituent  is  dissipated  at  a  high  temperature,  but 
in  general  before  the  loss  of  solubility  occurs,  so  that  the  contained  water  alone  is 
not  the  cause  of  the  solubility,     Bcrzclius  remarked  an  appearance  often  observable 
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when  such  bodies  arc  undcx  the  influence  of  heat,  and  in  tlie  act  of  pasnii| 
the  soluble  to  the  insoluble  state.  They  suddenly  glow  or  become  luminous, 
in  temperature  above  the  containing  vessel,  from  a  discharge  of  heat.  T& 
mineral  gadolinite,  which  is  a  silicate  of  yttria^  affords  a  beautiful  example  < 
change.  When  heatod  it  appears  to  burn,  emits  light,  and  becomes  yellow,  I 
dergocs  no  change  in  weight.  Fluorspar,  and  many  other  crystalline  suba 
exhibit  a  feeble  phosphorescence  when  heated,  which  has  no  relation  to  this  c 
and  is  to  bo  distinguished  from  it. 

The  circumstance  most  certain  respecting  this  change  in  bodies,  which  aff 
deeply  their  chemical  properties,  is  that  the  bodies  do  not  contain  a  quantity  c 
after  the  change,  which  they  must  have  possessed  before  its  occurrence  in 
bined  or  latent  form.     No  ponderable  constituent  is  lost,  but  there  is  this 
heat.     A  change  of  arrangement  of  the  particles,  it  is  true,  nmst  occur  at  tb 
time  in  some  of  these  bodies,  such  as  is  observed  when  sulphite  of  soda  is  coi 
by  heat  int^  a  mixture  of  sulphate  of  soda  and  sulphuret  of  sodium,  without 
of  weight;  but  it  would  be  diflScult  to  apply  an  explanation  of  this  nature  to 
such  as  alumina  and  binoxide  of  tin,  which  contain  only  two  constituents,  a 
more  so  to  an  element  such  as  carbon.     The  loss  of  heat  observed  will  afford 
explanation  necessary,  if  heat  be  admitted  as  a  constituent  of  bodies  equally  e 
as  their  ponderable  elements.     As  the  oxide  of  chromium  possesses  more  co 
heat  when  in  the  soluble  than  in  the  insoluble  state,  the  first  may  justly  be 
as  the  higher  caloride,  and  the  body  in  question  may  have  different  proport 
this  as  well  as  of  any  other  constituent.     But  it  is  to  be  regretted  that  oui 
ledge  respecting  heat  as  a  constituent  of  bodies  is  extremely  limited ;  tlie 
proportion  in  which  it  enters  into  ice  and  other  solids  in  melting,  and  into 
and  vapours,  has  been  studied,  and  also  the  proportion  emitted  during  the  c 
tion  of  many  bodies,  which  has  likewise  proved  to  be  definite.     But  the  in 
which  its  addition  or  subtraction  may  have  on  the  eheiuical  properties  of  a 
at  present  entirely  matter  of  conjecture.     The  phenomena  under  consideratic 
to  recjuire  tho  admission  of  heat  as  a  true  constituent  which  can  modify  the 
ties  of  bodies  very  considerably ;  otherwise  a  great  physical  law  must  bo  abai 
namely,  that  "no  change  of  properties  can  occur  without  a  change  of  compo! 
But  if  heat  be  once  admitted  as  a  chemical  constituent  of  bodies,  then  a  sok 
the  present  difficulties  may  be  looked  for,  for  nothing  is  more  certain  than  t 
change  in  composition  will  account  for  any  change  in  properties."     Heat  thi 
bined  in  definite  proportions  with  bodies,  and  viewed  as  a  constituent,  must 
confounded  with  the  specific  heat  of  the  same  bodies,  or  their  capacity  for  s 
heat,  which  may  have  no  relation  to  their  combined  heat. 

SECTION   VI.  —  ISOMERISM. 

In  such  changes  of  properties  as  have  already  been  described,  the  indiv: 
of  the  body  is  never  lost.  But  numerous  instances  have  presented  thems( 
two  or  more  bodies  pos.*essing  the  same  composition,  which  are  unquostiona 
fcrent  substances,  and  not  mutually  convertible  into  each  other.  Different 
thus  agreeing  in  composition,  but  differing  in  properties,  are  said  to  be  is 
(from  tffoj,  equal,  and  ^*poj,  part),  and  their  relation  is  termed  isomerism.  Q 
covery  of  such  bodies  excited  much  interest,  and  they  have  received  a  consi 
share  of  the  attention  of  chemists.  But  the  result  of  a  careful  study  of  the 
associated  by  similarity  of  composition,  though  differing  in  properties,  has  bee 
the  whole  unfavourable  to  the  doctrine  of  isomerism.  Isomeric  bodies  1 
general  been  proved  by  the  progress  of  discovery  to  agree  in  the  relative  pro 
of  their  constituents  only,  and  to  differ  cither  in  the  aggregate  number  of  th< 
composing  them,  or  in  the  mode  of  arrangement  of  these  atoms ;  and  althou; 
cases  of  isomerism  are  constantly  arising,  others  arc  removed  as  they  come  t< 
of  explanation.     This  is  what  was  to  be  expected^  for  isomerism  in  the  absi 
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improbable ;  a  difference  in  properties  between  bodies,  without  a  difference  in  their 
composition,  appearing  to  be  an  effect  without  a  sufficient  cause.  Hence,  the  term 
isomerism  is  now  generally  employed  in  a  limited  sense,  to  indicate  simply  the 
identity  in  composition  of  two  or  more  bodies  as  expressed  in  the  proportion  of  their 
constituents  in  100  parts.     Several  classes  of  such  isomeric  bodies  may  be  formed. 

The  members  of  the  most  numerous  class  of  isomeric  bodies  differ  in  atomic  weight. 
Thus  we  know  at  present  three  gases,  three  or  four  liquids,  and  as  many  solids,  which 
all  consist  exactly  of  carbon  and  hydrogen,  in  the  proportion  of  one  atom  to  one 
atom,  or,  in  weight,  of  86  parts  of  carbon  and  14  of  hydrogen,  very  nearly.  These 
ogree  in  ultimate  composition,  but  differ  completely  in  every  other  respect.  But  a 
representation  of  their  chemical  constitution  explains  at  once  the  cause  of  the  differ- 
ences they  present,  as  is  obvious  in  the  following  formulas  of  four  well  characterized 
members  of  this  isomeric  group :  — 

Equivalents  and  combining  measure. 

Olefiantgas C4  H4  or  4  volumes. 

Gas  from  oil Cg  Hg  or  4  volumes. 

Naphthene CigHigor  4  volumes. 

Cetene C32Hs2or  4  volumes. 

It  thus  appears  that  the  atom  of  cetene  contains  twice  as  many  atoms  of  carbon  and 
hydrogen  as  the  atom  of  naphthene,  four  times  as  many  as  the  atom  of  the  gas  from 
oil,  and  eight  times  as  many  as  the  atom  of  defiant  gas ;  while  as  the  atom  of  all 
these  bodies  affords  the  same  measure  of  vapour,  or  four  volumes,  they  must  differ 
as  much  in  density  as  they  do  in  the  number  of  their  constituent  atoms.  It  is  not 
surprising,  therefore,  that  they  all  possess  different  and  peculiar  properties.  Several 
ffroups  of  bodies  might  be  selected  from  the  Table  at  page  130,  which  have  a  simi- 
lar relation  to  each  other,  the  number  of  their  atoms  being  different,  although  their 
relative  proportion  is  the  same  :  such  as  — 

Oil  of  lemons CjoHg 

Oil  of  turpentine C^Hjg 

and, 

Naphthaline CjoHg 

Paranaph thaline C30H ,2 

A  still  more  remarkable  case  is  presented  by  alcohol  and  the  ether  from  wood-spirit, 
in  which  there  is  identity  of  condensation  as  well  as  of  composition,  with  different 
equivalents.  The  vapours  of  these  two  liquids  have  in  fact  the  same  specific  gravity, 
and  contain,  under  eijual  volumes,  equal  quantities  of  carbon,  hydrogen,  and  oxygen. 
But  we  know  that  they  are  of  a  different  type,  alcohol  being  the  hydrated  oxide  of 
etb3*l,  and  ether  of  wood-spirit  the  oxide  of  methyl,  so  that  their  constitution  and 
rational  formuhc  are  quite  different :  — 

Alcohol C4n50H-HO. 

Ether  of  wood-spirit CjHgO. 

In  another  class  of  isomeric  bodies,  the  atomic  weight  may  bo  equal,  as  well  as 
tbe  elementary  composition.  A  pair  belonging  to  this  class  are  known,  which  co- 
incide besides  in  the  specific  gravity  of  their  vapours.  Tbe  composition  and  atom 
of  both  the  formiate  of  the  oxide  of  ethyl  ^formic  ether)  and  the  acetate  of  oxide  of 
methyl,  may  be  represented  by  CgHgO^ :  tlio  density  of  both  their  vapours  is  2574 : 
and  what  is  very  remarkable,  these  bodies  in  thcir  ordinary  liquid  state  almost  co- 
incide in  properties,  the  density  of  formic  ether  being  0-916,  and  that  of  the  acetate 
of  methylene  0-919,  (density  of  water  being  =1.000),  while  the  first  boils  at  133°, 
and  the  last  at  136*4°.  But  when  acted  on  by  alkalies,  their  products  are  entirely 
different,  the  one  affording  formic  acid  and  alcohol,  and  the  other  acetic  acid  and 
wood-spirit.     Each  of  the  isomeric  bodies  in  question  contains,  indeed,  two  dif- 
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fcrcnt  Linarj  compouuds,  and  tbcir  constitution  is  trulj  represented  by  dl 
formulae :  — 

Formiate  of  oxide  of  ethyl 041150  +  0^110, 

Acetate  of  oxide  of  methyl OjHjO-f  C4H3OS     ' 

in  which  the  same  atoms  are  seen  to  be  very  differently  arranged.     Till 
metamcric  has  been  applied  to  bodies  so  related. 

The  last  class  of  isomeric  bodies  are  of  the  same  atomic  weights,  but  their  • 
tution  or  molecular  arrangement  being  unknown,  their  isomerism  cannot  at  { 
be  explained.  It  can  scarcely  be  doubted,  however,  that  their  molecular  ai 
ment  is  really  different. 

One  pair  of  such  isomeric  bodies  will  illustrate  the  coincidences  observed 
all  unfrequcntly  among  organic  substances.      The  racemic  and  tartaric  ac: 
which  the  composition  is  the  same,  exhibit  a  similarity  of  properties,  and  a  p 
ism  in  their  chemical  characters,  that  arc  truly  astonishing.     These  acids  arc 
together  in  the  grape  of  the  Upper  llhine.     They  differ  considerably  in  soli 
the  racemic  being  the  least  soluble,  so  that  they  may  be  separated  from  cad 
by  crystallization ;  and  the  racemic  acid  contains  an  atom  of  water  of  crystall: 
which  is  not  found  in  the  crystals  of  tartaric  acid.     They  form  salt^  whicl 
spond  very  closely  in  their  solubility  and  other  properties.     The  bitartrate  ar 
cemate  of  potassa  are  both  sparingly  soluble  salt,s :  the  tartrates  and  raceir 
lime,  lead,  and  barytes,  are  all  alike  insoluble.     13oth  acids  form  a  double  se 
soda  and  ammonia,  which  is  an  unusual  kind  of  combination.     But  what 
surprising,  crystals  of  these  double  salts  not  only  coincide  in  the  proportion  ( 
water  and  other  constituents,  and  in  the  composition  of  their  acids,  but  also  ii 
nal  form,  having  been  observed  by  Mitscherlich  to  be  isomorphous.     A  nca 
proach  to  identity  could  scarcely  be  conceived  than  is  exhibited  by  these  salts 
are,  indeed,  the  same  both  in  form  and  composition.     The  crystallized  acids  t 
modified  in  an  unusual  manner  by  heat,  and  form  three  classes  of  salts,  as  phf 
acid  does.     The  formula)  of  both  acids  in  their  ordinary  class  of  salts  is  Cgl 
two  atoms  of  base  (Fremy);  but  by  no  treatment  can  the  one  acid  be  trar 
into  the  other.     Lastly,  every  organic  acid  produces  a  new  acid  by  destruci 
tillation,  which  is  peculiar  to  it,  and  is  termed  its  pyr-acid.     Now  racer 
tartaric  .icid,  when  destroyed  by  heat,  agree  in  giving  birth  to  one  and  tl 
p^T-acid. 

The  allatropy  of  elements  has  been  supposed  to  throw  light  upon  the  mu 
tion  of  series  of  compounds  arising  from  one  radical,  and  the  isomerism  of 
compounds.  Fused  sulphur  passes  through  several  allatropic  conditions  as 
perature  is  raised,  in  which  it  is  imagined  that  the  equivalent  of  the  element 
doubled,  tripled,  and  even  quadrupled  by  a  coalition  of  so  many  single  ate 
the  formation  of  compound  atoms,  which  are  distinguished  as  a  sulphur,  3  i 
fi  sulphur,  y  sulphur,  &c.  In  the  different  series  of  the  oxygen  acids  of  s 
containing  one,  two,  three,  and  four  equivalents  of  sulphur,  the  different  a 
varieties  of  sulphur  are  imagined  to  exist.  Silicium  in  its  combustible  anc 
bustible  allatropic  conditions  may  thus  give  rise  to  different  silicic  acids,  t 
tropic  borons  and  tungstens  to  the  isomeric  boric  and  tungstic  acids. 

SECTION   VII.  —  ARRANGEMENT  OF   THE   ELEMENTS  IN   COMPOUND 

The  names  of  some  compounds  imply  that  they  contain  other  compounds, 
dicatc  a  certain  atomic  constitution,  while  the  names  of  other  compounds 
no  particular  arrangement  of  their  constituent  atoms,  but  leave  it  to  be  infer 
the  atoms  arc  all  directly  combined  together.  Thus  sulphate  of  soda  imp 
continued  existence  of  sulphuric  acid  and  soda  in  the  salt,  while  nitric 
binoxido  of  hydrogen,  supposes  no  partition  of  the  compound  to  which  it  is 
]^ut  it  is  to  be  remembered  that  the  original  framers  of  the  nomenclati 
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ffoided  more  by  facilities  of  an  etymological  nature,  in  constructing  such  terms,  than 
by  views  of  the  constitution  of  compounds. 

Of  a  binary  compound  containing  single  atoms  of  its  constituents,  there  cannot  be 
two  modes  of  representing  the  constitution;  but  where  one  of  the  constituents  is 
present  in  the  proportion  of  two  or  more  atoms,  several  hypotheses  can  always  be 
formed  of  their  mode  of  aggregation.  In  a  series  of  binary  combinations  of  the 
same  elements,  such  as  that  of  nitrogen  and  oxygen,  NOj,  NO,,  NO3,  NO4,  NO5, 
the  simplest  view  has  generally  been  taken,  namely,  that  it  is  the  elements  them- 
selves which  unite.  I3ut  in  particular  cases  the  chemist  is  often  involuntarily  led 
into  another  opinion.  Thus  binoxide  of  nitrogen  is  so  often  a  product  of  the  decom- 
position of  nitric  acid,  that  the  acid  appears  more  like  a  compound  of  that  oxide  of  \ 
nitrogen  with  oxygen,  than  a  compound  of  nitrogen  itself  with  oxygen.  When  the  ' 
binoxide  of  hydrogen  was  first  discovered  by  Th(jnard,  he  was  led  by  the  whole  train 
of  its  properties  to  view  it  as  a  compound  of  water  and  oxygen,  into  which  it  is 
resolved  with  so  much  facility,  and  to  name  it  accordingly  oxygenated  water,  which 
it  may  be,  and  not  a  direct  combination  of  hydrogen  and  oxygen ;  or  its  formula  be 
HO  +  0,  and  not  HO2.  The  periodide  of  potassium,  and.  the  other  analogous  com- 
pounds obtained  by  dissolving  iodine  in  metallic  iodides,  were  first  termed  iodureited 
iodides  from  sjmilar  considerations,  and  the  hyposulphites,  obtained  by  dissolving 
solphur  in  sulphites,  sulphuretted  sulphites.  It  may  be  doubted  whether  chemists 
TTOuId  return  with  advantage  to  any  of  these  expressions,  the  views  of  composition 
which  they  indicate  being  uncertain,  and  not  oflfering  a  sufficient  inducement  to  de- 
part from  the  more  systematic  designations.  The  binoxide  of  hydrogen,  for  instance, 
may  be  easily  resolved  into  water  and  oxygen,  not  because  water  pre-exists  in  it,  but 
because  water  is  a  compound  of  great  stability,  and  is  formed  when  binoxide  of  hy- 
dq)gen  is  decomposed.  Nitric  acid,  also,  is  as  likely  to  be  a  compound  of  quadoxide 
of  nitrogen  with  an  additional  atom  of  oxygen,  as  of  binoxide  of  nitrogen  with  three 
atoms  of  the  same  element. 

Certain  compound  bodies,  however,  have  been  observed  to  act  the  part  of  a  simple 
body  in  combination,  and  can  be  traced  through  a  series  of  compounds.  The  fol- 
lowing substances,  for  instance,  may  be  represented  with  considerable  probability  as 
compounds  of  carbonic  oxide,  as  in  the  formula) : — 

CO,  carbonic  oxide. 

CO-fO,  carbonic  acid. 
CO-f  CI,  chloroxicarbonic  acid. 
2C0  +  0,  oxalic  acid. 

Carbonic  oxide  is  said  to  be  the  radical  of  this  scries,  a  name  applied  to  any  com- 
pound which  is  capable  of  combining  with  simple  bodies,  as  carbonic  oxide  appears 
to  do  with  oxygen  and  chlorine  in  these  compounds.     Messrs.  Liebig  and  Wohler 
first  proved  by  decisive  experiments  that  such  a  radical  exists  in  the  benzoic  combi 
nations,  which  may  be  represented  thus  : — 

C14II5O2+O,  benzoic  acid. 

C,4H502+H,  essential  oil  of  bitter  almonds. 

C, 41^502+ CI,  chloride  of  benzoyl,  &c. 

Cyanogen  was  the  first  recognised  member  of  the  class  of  compound  radicals,  of 
which  the  number  known  to  chemists  is  constantly  increasing,  and  which  appear  to 
pervade  the  whole  compounds  of  organic  chemistry.  In  combining  with  simple 
t)odiesY  radicals  act  the  part  of  other  simple  bodies,  such  as  metals,  chlorine,  oxygen, 
&c.,  which  they  replace  in  compounds. 

"With  the  elements  themselves  compound  radicals  may  be  divided  into  two  great 
cla^se:^ : — 

The  Basyl  class,  consisting  of  metals  the  oxides  of  which  are  bases,  hydrogen, 
the  corresponding  compound  radicals,  ammonium,  ethyl,  &c.  These  are  electro- 
positive bodies. 
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The  sall'Vadical  class — chlorine,  sulphur,  oxygen,  &c.,  wxA  CTanogen,  an* 
compound  radicals  which  combine  with  metals  and  other  members  of  the 
class,  and  form  salts  or  compounds  partaking  of  the  saline  character.     Snch  ] 
are  also  termed  salogens ;  they  are  electro-positive. 

Constilution  of  salts.  —  Of  the  supposed  combinations  of  binary  compouni 
binary  compounds,  the  most  numerous  and  important  class  arc  salts.  Sulp 
soda  is  commonly  viewed  as  a  direct  combination  of  sulphuric  acid  and  sod 
preserving  its  proper  nature  in  the  compound;  and  so  are  all  similar  compel 
an  acid  oxide  with  a  basic  oxide.  An  oxygen  acid  is  allowed  to  exist  in  the 
they  are  particularly  distinguished  as  "oxygen-acid  salts."  But  an  opin: 
promulgated  long  ago  by  Davy,  that  these  salts  might  be  constituted  on  the 
the  binary  compounds  of  the  former  class,  and  their  hydrated  acids  on  the  pi 
hydrogen  acid ;  a  view  which  is  supported  by  many  analogies,  and  has  lattc 
a  preference  given  to  it  by  some  of  our  leading  chemical  authorities.  It  is 
fore,  deserving  of  serious  consideration. 

One  class  of  acids,  the  hydrogen  acids,  and  the  salts  which  they  produ 
alkalies,  are  unquestionably  binary  compounds,  and  were  assumed  by  Davy 
types  of  acids  and  salts  in  general.  Hydrochloric  acid  is  composed  of  two  el 
chlorine  and  hydrogen,  and  with  soda  it  forms  water  and  chloride  of  3odium,  t 

Hydrochloric  acid  {  SS^^ '^'^^^ 


Soda  (Oxygen  . 

(Sodium   . -^  Chloride  of  sodium. 

the  hydrogen  of  the  acid  being  replaced  by  sodium  in  the  salt  formed.  Hy 
nic  is  another  hydrogen  acid,  of  which  cyanide  of  sodium  is  a  salt.  In 
tenns,  a  radical  (which  may  be  either  simple  or  compound,  like  chlorine  or 
gen)  forms  an  acid  with  hydrogen,  and  a  salt  with  sodium  or  any  other  met 
Hydrated  sulphuric  acid,  which  consists  of  sulphuric  acid  and  an  atom  of 
HO -4-803,  is  represented  as  a  hydrogen  acid  by  transferring  the  oxygen 
water  to  the  sulphuric  acid  to  form  a  new  radical,  SO4,  which  is  supposed  t 
direct  combination  with  the  remaining  atom  of  hydrogen,  as  H  -f  SO4.  In  si 
of  soda,  the  oxygen  of  the  soda  is  in  the  same  manner  transferred  to  the  acid 
formula  of  the  salt  is  changed  from  NaO-f  SO3  to  Na-f  SO4.  To  SO4,  tl 
radical  of  sulphates,  the  name  sulphion  has  been  applied,  from  the  circumstan* 
in  the  voltaic  decomposition  of  a  sulphate,  SO4,  travels  to  tlie  positive  pole,  1 
metal  or  hydrogen  to  the  negative  pole.  Its  compounds,  or  the  sulphates, 
sulphionides.  The  hydrated  acid  and  its  soda  salt  are  thus  named  and  den* 
the  two  views  of  their  constitution — 

I.    ON   THE   ACID   THEORY: 

Hydrated  sulphuric  acid,  sulphate  of  oxide  of  hydrogen,  or 

hydric  sulphate HO-f  S< 

Sulphate  of  soda,  sulphate  of  oxide  of  sodium,  or  soda  sulphate     NaO  -f  S 

II.    ON   THE   SALT-RADICAL   THEORY: 

Sulphionide  of  hydrogen H-fSO^ 

Sulphionide  of  sodium Na-f  SO 

which  last  formulas  are  strictly  comparable  with  those  of  an  admitted  hydrogi 
and  its  salt,  such  as — 

Hydrochloric  acid  or  chloride  of  hydrogen H  -f  CI 

Chloride  of  sodium Na-fCl 

or  as — 

Hydrocyanic  acid  or  cyanide  of  hydrogen H  -f  CaN" 

Cyanide  of  sodium Na-f  CgN 
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which  thus  appear  coiiipountU  of  three  different  radicals,  chlorine  (CI),  cjano|rr>n 
(CjN),  and  eulphion  (SO4),  with  the  same  elementary  bodies,  hydrogen  and  sodium. 
Sulphion  is  known  only  in  combination,  and  has  not  been  obtained  in  a  separate 
state  like  chlorine  and  cyanogen.  The  body,  sulphuric  acid,  SO3,  which  may  be 
separated  from  some  sulphates,  and  can  exist  by  itself,  is  looked  upon  as  a  product 
of  the  decomposition  of  these  salts,  and  not  to  pre-exist  in  them^  so  that  a  secondary 
character  is  as.signcd  to  it 

Hydrated  nitnc  acid,  or  aqua  fortis,  becomes  a  hydrogen  acid  by  the  creation  of  a 
nitrate  radical;  nitration.  It  is  the  nitratiouide  of  hydrogen  instead  of  the  nitrate 
of  water — 

H-f  NOb,  instead  of  HO4-NO5. 

The  nitrate  of  potassa  becomes  the  nitrationide  of  potassium,  and  so  of  all  other 
nitrates. 

It  is  evident  that  the  same  view  is  applicable  to  hydrated  oxygen  acids  in  general, 
which  may  be  made  hydrogen  acids,  b}'  assuming  the  existence  of  a  new  salt-radical 
for  each,  containing  an  atom  more  of  oxygen  than  the  oxygen  acid  itself,  and  capable 
of  combining  directly  with  hydrogen  and  the  metals.  The  class  of  oxygen  acid  salts 
is  thus  abolished,  and  they  become  binary  compounds  like  the  chlorides  and  cyanides. 
Even  oxygen  acids  themselves  can  no  longer  be  recognized.  It  is  not  sulphuric  acid 
(SOj),  but  what  was  former  viewed  as  its  compound  with  water,  tliat  is  the  acid, 
and  it  is  a  hydrogen  acid.  The  properties  which  characterize  acids  are  undoubtedly 
only  observed  in  the  hydrates  of  the  oxygen  acids.  Thus  the  anhydrous  sulphuric 
acid  does  not  redden  litmus,  and  exhibits  a  disposition  to  combine  with  salts,  such 
as  chloride  of  pota.ssium  and  sulphate  of  potassa,  rather  than  with  bases.  The  liquid 
carbonic  acid  has  little  affinity  for  water,  does  not  combine  directly  with  lime,  but 
diflisolvcs  in  alcohol,  ether,  and  essential  oils,  like  certain  neutral  bodies.  It  is  only 
when  associated  with  water  that  the  bodies  referred  to  exhibit  acid  properties,  and 
then  hydrogen  acids  may  be  produced. 

On  this  view,  it  is  obvious  that  the  acid  and  salt  are  really  bodies  of  the  same 
constitution,  hydrochloric  acid  being  the  chloride  of  hydrogen,  as  common  salt  is  the 
chloride  of  sodium,  and  sulphuric  acid  and  sulphate  of  soda  being  the  sulphionides 
of  hydrogen  and  of  sodium.  The  acid  reaction  and  sour  t:iste  are  not  peculiar  to 
the  hydrogen  compound,  and  do  not  separate  it  from  the  others;  the  chloride,  sul- 
phionide,  and  nitrationide  of  copper  being  nearly  as  acid  and  corrosive  as  the  chlo- 
ride, sulphionide,  and  nitrationide  of  hydrogen,  and  clearly  bodies  of  the  same  cha^ 
ractcr  and  composition :  they  are  all  equally  salts  in  constitution.  The  term  "  acid" 
ia  not  absolutely  required  for  any  class  of  bodies  included  in  the  theory,  and  might, 
therefore,  be  dropped,  if  it  were  not  that  an  inconvenience  would  be  felt  in  having 
no  common  name  for  such  bodies  as  anhydrous  sulphuric  acid  SO3,  anhydrous  nitric 
acid  NO,,  sulphurous  acid  S0«  carbonic  acid  CO2,  &c.  To  these  substances,  which 
first  bore  the  name,  it  should  now  be  confined.  In  considering  the  generation  of 
salt.o,  three  orders  of  bodies  would  be  admitted;  as  in  the  following  tabular  exposition 
of  a  few  examples  : — 

I.  II.  III. 

The  Acid.  The  Salt-radical.  The  Salt. 

SO, SO4  SO^-f  H  or  a  metal. 

NO5 NOb NO.  +  n  or  a  metal. 

NCj NC,+  Horametal. 

CI CI +-H  or  a  metal. 

The  first  term  of  the  series,  or  "  tho  acid,"  is  wanting  in  the  last  two  examples ; 
and  that  is  tho  peculiarity  of  those  bodies  which  constituted  the  original  class  of 
hydrogen  acids  and  their  salts  :  while,  to  the  old  class  of  oxygen  acid  salts,  both  an 
add  and  a  salt-radical  can  be  assigned,  as  in  the  first  two  examples. 
The  peculiar  advantages  of  tho  salt-radical  theory  arc — 
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First :  That,  instead  of  two,  it  makes  but  one  great  class  of  salts,  assimiUi 
constitution  bodies  which  certainly  resemble  each  other  in  properties.  Chlq 
sodium  and  sulphate  of  soda  are  both  neutral,  and  possess  a  common  cha 
which  is  that  of  a  soda  salt;  but  they  are  separated  widely  from  each  otheri 
view  of  their  constitution  which  is  expressed  in  their  names. 

Secondly  :  It  accounts  for  a  remarkable  law  which  is  observed  in  the  const] 
of  salts;  namely,  that  bases  always  combine  with  as  many  atoms  of  acid  a 
themselves  contain  of  oxygen ;  a  protoxide,  which  contains  one  atom  of  a 
combining  and  forming  a  neutral  salt  with  one  atom  of  an  oxygen  acid ;  vr\ 
oxide  which  contains  two  atoms  of  oxygen  to  one  of  metal,  like  binoxide  ol 
dium,  forms  a  neutral  siilt  with  two  atoms  of  acid;  and  an  oxide  of  three  at 
oxygen  to  two  of  metal,  like  sesquioxide  of  iron,  forms  a  neutral  salt  wit) 
atoms  of  acid.  The  acid  and  oxygen  are  thus  always  together  in  the  exact ; 
tion  to  forin  the  saltrradical,  there  being  always  an  atom  of  oxygen  for  ever 
of  acid  in  the  salt.  This  will  appear  more  distinctly  in  the  following  fa 
which  exhibit  the  composition  of  the  neutral  sulphates  of  a  metal  in  four  d 
states  of  oxidation,  an  atom  of  metal  being  represented  by  K : — 

FORMULA   OF   NEUTRAL   SULPnATES. 

I.  II. 

As  consisting  of        As  consisting  of  Metal 
Oxide  and  Acid.  and  Salt-radical. 

RO  +  SOa  ll-fS04    as  in  sulphate  of  soda. 

R^O-f  SOg R2+SO4  as  in  sulphate  of  suboxide  of  me 

IIO2  +  2SO3 II  +  2SO4 as  in  sulphate  of  binoxide  of  pal 

RiOa  +  OSOs Ra+SSO^ as  in  sulphate  of  sesquioxide  of  i 

The  acid  is  seen  in  the  first  column  to  be  always  in  the  proper  proportion  to 
sulphionide  of  the  metal  in  the  second  column ;  and  these  sulphionides  con 
exactly  witii  known  chlorides,  such  as  RCl,  R2CI,  RClj,  R2CI3. 

Thirdly :  It  offers  a  more  simple  and  philosophical  explanation  of  the  ac 
certain  metals  upon  acid  solutions,  and  of  the  decomposition  of  such  solu 
other  circumstances.  Thus  when  zinc  is  introduced  into  hydrochloric  acid  (c 
of  hydrogen),  it  is  allowed  on  both  views,  that  the  metal  simply  displaces  the 
gen  which  is  evolved,  and  that  chloride  of  zinc  is  formed  in  the  place  of  chh 
hydrogen.  In  the  same  way,  when  zinc  is  introduced  into  diluted  sulphui 
which  contains  the  sulphionide  of  hydrogen  on  the  binary  theory,  hydrogen  is 
displaced  and  evolved  as  before,  and  the  sulphionide  of  zinc  is  formed  in  tl 
of  the  sulphionide  of  hydrogen.  The  metal  in  question  appears  to  be  incap 
decomposing  pure  water  by  displacing  its  hydrogen  at  the  temperature  of  i 
but  this  fact  does  not  interfere  with  the  preceding  explanation,  as  zinc  may 
greater  affinity  for  sulphion  than  for  oxygen,  and,  therefore,  be  capable  of 
posing  the  sulphionide,  but  not  the  oxide  of  hydrogen.  If  the  acid  solutio 
ever,  contains  sulphate  of  water,  as  it  does  on  the  old  view,  then  zinc  does  a 
not  decompose  water;  decomposing  it  when  in  combination,  but  not  when  fr 
becomes  necessary  to  assume  that  the  presence  of  the  acid  enhances  the  aff 
the  metal  for  the  oxygen  of  the  water,  in  a  manner  which  cannot  be  clej 
plained ;  for  the  solubility  of  oxide  of  zinc  in  the  acid,  to  which  the  influ 
the  acid  is  often  ascribed,  accounts  for  the  continuance  of  the  action,  by  pr 
for  the  removal  of  the  oxide,  rather  than  for  its  first  commencement.  The 
mena  of  the  decomposition  of  an  acid  solution  in  the  voltaic  circle,  are  al 
simply  explained  on  the  salt-radical  theory.  Oxide  of  hydrogen  and  sulphic 
hydrogen,  are  both  binary  "electrolytes,"  which  are  decomposed  in  the  voltaj 
in  the  same  manner,  although  not  with  equal  facility;  the  common  element, 
gen,  proceeding  from  both  to  the  negative  electrode,  and  oxygen  in  the  one  c 
sulphion  in  the  other  to  the  positive  electrode.    The  sulphion  finds  water  the 
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resolves  itself  into  sulphionido  of  byrlrogcn  and  free  oxygen.  The  decomposition 
of  the  sulphionide  of  sodium  or  any  other  salt  may  be  explained  in  the  same  simple 
manner;  while  on  the  other  view,  it  must  be  assumed  that  a  simultaneous  transfer- 
ence between  the  electrodes  of  acid  and  alkali  with  the  oxygen  and  hydrogen  of 
water  takes  place ;  and  the  effect  of  the  acid  in  promoting  the  decomposition  of  the 
water  remains  unaccounted  for. 

When  a  metallic  oxide  is  dissolved  in  an  acid  solution,  as  oxide  of  zinc  in  diluted 
sulphuric  acid,  the  reaction  which  occurs  is  thus  explained  on  the  binary  theory : 

Sulphionide  of  f  Hydrogen : ^-.  Water. 

hydrogen...  |  Sulphion  y^ 

Oxide  of  zinc.  •<  r/-    °      ^      ^^v^  o  i  i.-     -a      i?    • 

(  Zmc  Ji^SuIphionide  of  zmc; 

as  in  the  reaction  between  the  same  oxide  and  hydrochloric  acid  (page  156). 

The  chief  objections  to  the  salt-radical  theory,  are — 

First :  The  creation  of  so  many  hypothetical  radicals ;  namely,  one  for  every  class 
of  oxygf?n-acid  s;ilts.  But  it  is  to  be  remembered  that  the  great  proportion  of  oxygen 
acids,  such  as  acetic,  oxalic,  &c.  are  equally  of  an  ideal  character,  and  cannot  be 
exhibited  in  a  separate  state. 

Secondly :  The  peculiarities  of  the  salts  of  phosphoric  acid  which  are  supposed  to 
be  inimical  to  the  new  view.  That  acid  forms  three  different  and  independent  classes 
of  salts,  containing  respectively  one,  two,  and  three,  equivalents  of  base  to  one  of 
icid.  On  the  binary  theory,  these  three  classes  of  salts  must  contain  three  different 
salt-radicals,  combined  respectively  with  one,  two,  and  three  equivalents  of  hydrogen 
or  metal.  The  three  phosphates  of  water  and  the  corrcspondiug  phosphionides  of 
hydrogen  would  be  represented  as  follows : — 

I.  II.  III. 

no-f  PO5 shoh-pOs sno+PO, 

H-f  P0«  2n  +  P0, 3U-f  POs 

Such  salt-radicals  and  such  compounds  with  hydrogen  startle  us,  from  their  novelty, 
but  it  may  be  questioned  whether  they  are  really  more  singular  than  the  anormal 
classes  of  phosphates,  containing  several  equivalents  of  base,  for  which  they  are 
substituted,  but  which  we  have  been  more  accustomed  to  contemplate.  All  the 
salt-radicals  known  in  a  separate  state,  such  as  chlorine  and  cyanogen,  combine  with 
one  equivalent  only  of  hydrogen,  or  are  monobasylous,  but  it  would  bo  unfair  to 
assuniti  in  the  present  imperfect  state  of  our  knowledge  that  other  salt-radicals  may 
not  exit,  capable  of  combining  witli  two  or  three  equivalents  of  hydrogen,  as  the 
phosphate-radicals  are  supposed  to  do.  The  existence  of  at  least  one  such  radical  is 
highly  probable,  as  will  afterwards  appear. 

In  conclusion,  it  may  be  stilted  that  neither  view  of  the  constitution  of  the  oxygen- 
acid  Kilts,  (which  alone  are  affected  by  this  discussion),  rests  on  demonstrative  evi- 
dence ;  they  are  both  hypotheses,  and  are  both  capable  of  explaining  all  the  pheno- 
mena of  the  salts.  But  to  whichever  of  them  a  speculative  preference  is  given,  we 
can  scarcely  avoid  using  the  language  of  the  acid  theory,  in  the  present  state  of 
chemical  science. 

[Additional  objections  may  be  urged  against  the  salt-radical  theory : 
As  long  as  it  is  applied  to  salts  constituted  according  to  the  law  that ''  bases  always 
combine  with  as  many  atoms  of  acid  as  they  themselves  contain  of  oxygen,"  the 
subject  is  without  difficulty,  but  when  it  is  applied  to  anhydrous  compounds  contain- 
ing more  than  one  equivalent  of  acid,  it  fails,  or  necessitates  the  creation  of  as  many 
hypothetical  salt-radicals  as  there  are  examples  of  this  kind.  Thus,  the  anhydrous 
sulphates  of  potassa  and  soda,  the  chromates,  &c.  arc  not  mere  combinations  of  one 
equivalent  of  the  base  with  one  and  more  equivalents  of  the  acid,  but  become  com- 
pounds of  a  metal  with  a  greater  number  of  salt-radicals.     The  neutral  chromat«  of 
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potassa,  KO,  CrOg,  k  on  the  salt-radical  theory ;  K,  Cr04,  the  bichroraai 
2CK>3,  is  K,  CriOTj  and  the  tcrchromate,  KO,  SCrOj,  is  K,  CrjOio;  or 
combined  with  three  different  and  new  substances,  each  requiring  a  new  an 
tive  name.    Moreover,  the  theory  is  involved  in  the  same  diflSculty  when  the 
is  made  to  apply  it  to  those  salts  which  are  exceptions  to  the  above  law,  or  j 
the  number  of  atoms  of  oxygen  in  the  base  does  not  correspond  with  the 
of  atoms  of  acid.     The  following  example  may  be  taken  from  the  salts 
acid,  which,  considered  as  bibasic,  has  the  formula  C8H40,o,  for  which  thol 
tional  symbol  T  may  be  substituted,  and  we  shall  then  have  four  of  the  sail 
sentcd  below,  on  the  old  and  new  views  of  their  constitution : 

KO,  HO.  T=K,  H.  TO, Cream  of  tartar. 

KO,  NaO.  T=K,  Na.  TO, Rochelle  salt. 

KO,  FcgOs.  T=K,  Fe,.  TO4 Tartarized  iron. 

KO,  SbOa.  T=K,  Sb.  TO4 Tartar  emetic. 

In  the  first  two  formula}  the  elements  arc  readily  transposed  to  suit  eithi 
but  in  the  two  latter  a  new  hypothetical  salt-radical  appears,  endowed  w 
powers,  viz.  the  capability  of  combining  respectively  with  two  atoms  of  1 
radical  K,  Sb,  and  with  three  atoms  of  radical  K,  Fc,. 

This  theory  explains  very  readily  the  reaction  which  takes  place  when 
decomposed  under  the  influence  of  readily  oxidated  metals  and  liydrated  1 
the  supposition  that  the  metal  replaces  the  hydrogen  of  the  combined  wat4 
there  exist  acids  of  which  we  have  no  known  hydrate,  equivalent  for  cq 
carbonic,  chromic,  &c.  acids.  These  being  destitute  of  combined  water  do  n 
of  similar  substitution;  no  hydrogen  being  combined,  no  replacement  < 
place. 

Any  theory,  to  be  perfect,  must  include  all  known  cases;  and  hence,  if  tl 
thesis  is  not  applicable  to  all  oxygen  salts,  to  the  same  extent  as  former 
fails  in  its  promised  advantages.  It  has  not  yet  been  carried  out  or  exl 
detail  by  its  advocates,  which  would  seem  to  show  they  are  aware  of  its  di 
and  are  not  yet  prepared  to  obviate  them.  One  of  the  points  requiring  ex 
is  the  supposition  in  some  of  the  examples  quoted,  that  potassium  and  ox; 
elements  occupying  the  extremes  of  the  electro-chemical  series,  can  be  plac< 
tact  with  each  other  without  combining,  a  supposition  requiring  a  subv 
chemical  affinity  which  does  not  correspond  with  known  facts. 

It  is  not  evident  why  "  oxygen-acid  salts  alone  are  affected  by  this  dij 
The  compounds  of  sulphur,  selenium,  &c.  arc  very  analogous  in  characte 
Bulphur-acids,  combine  only  with  sulphur  bases,  the  same  transfer  of  sul 
be  here  required  as  of  oxygen  in  the  former  salts,  giving  rise  to  as  mani 
phur  salt-radicals  as  those  of  oxygen. — R.  B.] 

Without  deciding  definitively  in  favour  of  one  or  other  of  the  rival  the 
well  to  keep  in  view  that  the  great  class  of  salts  includes  compounds  wl 
essentially  in  their  capacity  of  analytical  decomposition.  A  certain  numb 
contain  salt-radicals  which  can  be  isolated,  others  oxygen-acids  which  can  I 
while  others  have  yet  afforded  neither  salt-radical  nor  acid  in  a  separate  stat 
they  may  be  classed  as — 

1.  Salts  of  isolable  salt-radicals :  chlorides,  cyanides,  sulphocyanides,  & 

2.  Salts  of  isolable  acids :  sulphates,  nitrates,  carbonates,  &c. 

3.  Salts  which  contain  neither  an  isolable  salt-radical  nor  an  isolable 
tatcs,  hyposulphites,  &c.     Even  admitting  that  all  salts  have  the  same  cc 
the  capability  of  breaking  up  in  such  different  ways  must  affect  their  m< 
composition  in  different  circumstances,  and  produce  differences  in  propei 
render  such  distinctions  important. 

It  has  become  further  necessary  to  recognize  three  classes  of  oxygec 
which  in  the  language  of  the  acid  theory  contain  onC;  twO;  and  three  cqu 
base  to  one  of  acid. 
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1.  Monobasic  ^Uj  — The  great  proportion  of  &dds,  such  ns  sulphuric,  nitric, 
l:c.  neutralize  but  one  eauivalent  of  base,  or  moro  correctly  combine  in  the  propor^ 
tion  of  one  equivalent  oil  acid  to  each  equivalent  of  ozjgen  in  the  base,  and  form, 
therefore,  monobasic  salts.  (Sec  formula:  of  the  nentnu  sulphates,  page  158).  But 
this  is  not  inconsistent  with  an  acid  forming  two  scries  of  salts  wiUi  the  same  base 
or  class  of  isomorphous  bases.  Thus  there  appear  to  be  two  well-marked  classes  of 
sulphates  of  tiie  magnesian  oxides,  which  agree  in  having  one  equivalent  of  base, 
but  differ  essentiallv  in  the  proportions  of  combined  water  which  they  affect.  In 
one  series  the  sulphate  is  combined  with  one,  three,  five,  or  seven  equivalents  of 
water.  Copperas  (a  sulphate  of  iron),  Epsom  salt  (a  sulphate  of  magnesia),  blue' 
Titriol  (a  sulphate  of  copper),  and  most  of  the  well-known  magnesian  sulphates, 
belong  to  this  class,,  which  may  be  called  the  copperas  class  of  sulphates.  All  the 
members  of  it  are  very  soluble  in  water,  and  form  double  salts  with  sulphate  of 
potassa.  The  other  series  affect  two,  four,  and  six  equivalents  of  water.  They  are 
less  known,  but  appear  to  be  of  sparing  solubility,  and  to  be  incapable  of  forming 
double  salts  with  sulphate  of  potassa.  Oypsum  or  sulphate  of  lime  belongs  to  •this 
dass,  which  may,  therefore,  bo  called  the  gypsum  class  of  magnesian  sulphates. 
Sulphate  of  iron  is  said  to  crystallize  from  solution  in  sulphuric  acid  with  two  equi- 
valents of  water,  with  the  crystalline  form  and  spariog  solubility  of  gypsum.  Dr. 
Kane  obtained  a  sulphate  of  copper  with  four  equivalents  of  water,  by  exposing  the 
anhydrous  salt  to  the  vapour  of  hydrochloric  acid,  which  appears  to  be  the  second 
term  in  thb  scries ;  and  Mitscherlich  still  maintains  the  existence  of  a  peculiar  sul- 
phate of  magnesia  containing  six  equivalents  of  water  of  crystallization,  which  will 
c<nuititute  the  third  term.  It  is  evident  that  the  cause  of  sueh  double  classes  of 
salts  is  as  deeply  seated  as  that  of  dimorphism,  and  hence,  possibly,  the  magnesian 
sulphate  itself,  which  exists  in  the  two  classes,  is  not  the  same  in  its  constitution 
witb  reference  to  heat. 

2.  Bibasic  salts, — That  class  of  phosphates  which  received  the  name  of  pyro- 
phosphates, was  the  first  in  which  one  equivalent  of  acid  was  found  to  neutralize  two 
equivalents  of  base;  their  formuko  beiug  2R0,  POs.  The  classes  of  tartrates  and 
Faccmates  which  have  long  been  known  to  chcmists^^  are  also  bibasio  salts.  It  is  the 
character  of  a  bibasic  acid  to  unite  at  once  with  two  different  bases  of  the  same 
natural  family,  which  accounts  for  the  formation  of  Rochelle  salt,  the  tartrate  of 
potassa  and  soda,  of  which  the  formula  is  KO,  NaO  -f  CSH4O10.  It  has  also  been 
shown  that  gallic  acid  is  bibasic,  the  gallate  of  lead  being  thus  composed : 
SPbO+CfHO,.  Now  if  we  attempt  to  make  this  a  monobasic  salt  by  dividing  the 
equivalents  both  in  base  and  acid  by  two,  an  equivalent  of  gallic  acid  would  come 
to  contain  half  an  equivalent  of  hydrogen,  which  Liebig  considers  as  conclusive 
against  the  division  of  its  atomic  weight  Itaconic,  comenic,  euchronic,  fulminic, 
and  several  other  organic  bibasic  acids,  might  be  named.  The  compound  acids 
formed  by  the  union  of  two  others,  and  called  copulated  acids,  such  as  hyposulpho- 
benzoio  acid,  are  usually  of  this  class. 

3.  TVihdsic  salts. — The  tribasic  phosphates  of  the  formula  3R0,  POs,  have 
likewise  proved  to  be  the  type  of  a  class  of  salts.  One  equivalent  of  arsenic  acid 
Deutralizes  three  equivalents  of  base ;  so,  it  is  probable,  does  one  atom  of  phospho- 
rous acid.  Tannic  acid  also  saturates  three  atoms  of  base,  the  formula  of  the  tannate 
of  lead  being  3PbO  +  CigHsOt  (Liebig).  There  is  the  same  necessity  to  admit  that 
citric  add  is  tribasic,  and  the  formiUa  of  a  citrate  3110  + CiaH(0,i,  as  there  is  to 
allow  that  gallic  acid  is  bibasic.  Most  of  the  dtrates  contain  two  equivalents  of 
fixed  base  and  one  of  water,  but  the  citrate  of  silver  contains  three  equivalents  of 
oxide  of  silver.  CyanuriC|  meconic,  camphoriC|  and  several  other  organic  adds,  are 
tribodc 

Two  of  the  three  atoms  of  base  in  this  dass  of  salts  may  be  different,  as  is  ob- 
aenred  in  certain  dtrates,  cyannrates,  and  phosphates,  or  the  whole  three  may  be 
diiferent|  as  in  the  phosphate  called  microcosmio  sa^t^  which  contdns  at  once  soda. 
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oxide  of  ammonium;  and  water  as  bases.*     Two  or  more  of  the  bases 

be  isomorphous;  or  at  least  belong  to  the  same  natural  £imily  as  soda  ai 

ammonium,  water,  and  magnesia. 

Salts  usually  denominated  Suhsalls. — The  preceding  classes  of  salts, 

other  bodies  also,  are  capable  of  combining  with  a  certain  proportion  ] 

generally  vaguely  spoken  of  as  water  of  crystallization.     The  compoi 

present  class  appear  to  be  salts  which  have  assumed  a  fixed  metallic 

place  of  this  water.    They  may,  therefore,  be  truly  neutral  in  composition, 

of  oxide  not  standing  in  the  relation  of  base  to  the  acid.     It  appears  tht 

muko  of  the  nitrates  named  are  as  follows : — 

ii 

Nitrate  of  water  (acid  of  sp.  gr.  1.42) IIO,  NOj+SHO.    i 

Nitrate  of  copper  (prismatic) CuO,  NO5  H-  3  HO.  i 

Nitrate  of  copper  (rhomboidal) CuO,  NO54-6HO. 

Subnitrate  of  copper CuO,  N05H-3(Cu(]^ 

I  have  distinguished  as  constitutional  the  three  atoms  of  water  which  exiM 
and  all  the  magnesian  nitrates,  and  which  are  replaced  by  three  atoms  of^ 
oxide  of  copper  in  the  subnitrate  of  copper,  which  is  therefore  a  nitrate  dl 
with  the  addition  of  constitutional  (not  basic)  oxide  of  copper ;  a  view  wU 
pressed  by  the  arrangement  of  the  symbols  in  its  formula.  " 

The  subnitrates  of  zinc  and  lead,  and  probably  also  those  of  nickel  ail 
have  a  similar  composition  (Gerhard  t).  A  similar  correspondence  is  obdl 
tween  the  crystallized  neutral  sulphato  of  copper,  and  the  subsulphate  d 
containing  four  equivalents  of  oxide  of  copper,  and  five  of  water  to  one  of  d 

Sulphate  of  copper,  CuO,  SO,,  HO  -f  4H0.  ' 

Subsulphate  of  copper,  CuO,  SO,,  (CuO,  H0)-f-2  (CuO,  H0)  +  2B( 

Three  equivalents  of  water  in  the  neutral  salt  appear  to  be  replaced  by  tB 
valents  of  hydrated  oxide  of  copper  in  the  subsalt.     The  remaining  2H 
latter  salt  are  expelled  by  a  moderate  heat,  while  the  other  4nO  in  cert 
with  oxide  of  copper,  arc  extricated  by  a  much  higher  temperature,  and  t 
ration  attended  by  a  palpable  decomposition  of  the  salt,  as  it  affords  a  f 
soluble  neutral  salt  afterwards  to  water.     The  remark  is  made  by  M.  Oerh 
the  number  of  such  subsalts  is  greatly  exaggerated,  which  is  quite  in  a 
with  my  own  observations ;  few  salts  combining  with  an  excess  of  oxidSI 
than  one  or  two  proportions.     Most  subsalts  are  entirely  insoluble  in  1 
when  they  possess  a  certain  degree  of  solubility,  they  may  afford  other 
subsalts  by  double  decomposition.     Thus  a  solution  of  bisubnitrato  of  1< 
NOfi+PbO,  HO,  on  the  addition  of  neutral  chromate  of  potassa  allow 
bisubchromatc  of  lead,  PbO,  CrOg-f-PbO,  to  precipitate.     M.  (Jerhardt 
served  this  fact,  considers  that  it  assimilates  the  nitrates  and  pyrophosp! 
indicates  that  the  latter  are  ordinary  subsalts.     But  this  is  really  a  coini 
small  importance,  while  nitric  acid  affords  no  bibasic  hydrate,  nor  a  biba 
soda,  as  phosphoric  acid  does. 

Water,  oxide  of  copper,  oxide  of  lead,  and  the  hydrates  of  these  metal 
anpear  to  be  the  bodies  most  disposed  to  attach  themselves  to  salts  in  thi 
The  strong  alkalies,  potassa  and  soda,  are  never  found  in  such  a  relati 
charging  any  other  ifunction  than  that  of  base  to  the  acid  of  the  salt.  T 
of  suDsalts,  in  which  their  constitutional  neutrality  is  preserved,  have  beei 
to  organic  compounds.  Many  neutral  organic  bodies  appear  to  be  capal 
bining  with  metallic  oxides,  particularly  with  oxide  of  lead — such  as  sug 
dextrin,  orcin,  and  they  generally  combine  with  several  atoms  of  the  oxi 
in  the  compound  of  orcin  and  oxide  of  lead,  CigH^Oj+SPbO,  the  orcin  h 


% 


1  Inquiries  respecting  the  Coiistitntion  of  Salts;  of  oxalates,  nitrates,  phos 
phates,  and  clilori  ics.     Phil.  Trans.  1837,  page  47. 
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with  five  atoms  of  constitutional  oxide  of  lead,  which  actually  replace  five  atoms  of 
constitutional  water^  which  orcin  in  its  ordinary  state  contains. 

Consdtutional  water  is  sometimes  replaced  by  a  salt,  which  never  happens  with 
basic  water.  Thus  cane  sugar  may  be  represented  as  C|2HiiOn)  or  rather  C9|H2202g; 
of  which  one  atom  of  water  may  be  replaced  by  chloride  of  sodium,  and  the  com- 
pound formed,  C^HjiOj,  +  NaCl.  It  is  to  be  observed  that  constitutional  water  is 
superadded  to  a  salt,  and  such  an  element  is  removed  and  replaced  without  affecting 
the  structure  of  the  body  to  which  it  is  attached.  The  replacing  substance  may 
also  be  a  compound  of  a  very  different  character  from  water;  forhesides  metal lio 
oxides  and  salts,  ammonia  and  certain  anhydrous  acids  appear  to  be  capable  of  at- 
taching themselves  to  salts,  in  the  saitc  manner  as  constitutional  water. 

A  different  view  of  the  constitution  of  subsalts  is  advocated  by  M.  Millon,  who 
assumes  the  existence  of  poly-atomic  bases,  or  that  two,  three,  four,  and  even  six 
equivalents  of  water  or  a  metallic  oxide,  may  together  constitute  a  single  equivalent 
of  base,  and  unite  as  such  with  a  single  equivalent  of  acid  to  form  a  neutral  salt 
(Annales  de  Chim.  et  de  Phys.,  xviii.  333). 

Salts  of  the  type  of  red  chromale  ofpotassa, — Several  salts  unite  with  anhydrous 
acids.  Thus  both  chloride  of  sodium  and  chloride  of  potassium  absorb  and  combine 
with  two  atoms  of  anhydrous  sulphuric  acid  without  .decomposition,  when  exposed 
to  the  vapour  of  that  substance.  Sulphate  of  potassa  also  combines  with  one  atom 
of  anhydrous  sulphuric  acid.  All  these  compounds  are  destroyed  by  water.  But 
the  red  chromate  of  potassa,  generally  called  bichromate  of  potassa,  which  consists 
of  chromate  of  potassa  together  with  one  atom  of  chromic  acid,  is  possessed  of  greater 
stability,  as  is  likewise  the  compound  of  chloride  of  sodium  or  potassium  with  two 
atoms  of  chromic  acid.  Another  compound  containing  one  atom  of  potassium  and 
three  atoms  of  chromic  acid,  known  as  the  terchromate  of  potassa,  may  bo  viewed  as 
a  combination  of  chromate  of  potassa  with  two  atoms  of  chromic  acid,  and  repre* 
scntcd  by  KO,  CrOa-fSCrOj.  The  bichromate  of  potassa  will  then  be  KO,  CrO,-f 
CrOa,  and  the  chromate  containing  chloride  of  potassium,  KCl-f2Cr03.  The  binio- 
date  of  potassa  (iodate  of  water  and  potassa)  may  be  rendered  anhydrous,  and,  when 
80,  is  a  salt  of  the  same  diss. 

Double  salts, — Salts  combine  with  each  other,  but  by  no  means  indiscriminately. 
With  a  few  exceptions,  which  may  be  placed  out  of  consideration  for  the  present, 
the  combining  salts  have  always  the  same  acid — sulphates  combining  with  sulphates, 
chlorides  with  chlorides.  Their  bases  or  their  metals,  however,  must  belong  to  dif- 
ferent natural  families.  Thus  it  may  be  questioned  whether  a  salt  of  pota^  ever 
combines  with  a  salt  of  soda,  certainly  never  with  a  salt  of  ammonia.  Salts  of  tho 
numerous  metals  including*  hydrogen,  belonging  t«  the  magnesian  family,  do  not 
combine  together.  Thus  sulphate  of  magnesia  does  not  form  a  double  salt  with  sul- 
phate of.  lime,  with  sulphate  of  zinc,  or  with  sulphate  of  water ;  while  on  the  other 
hand  salts  of  this  family  arc  much  disposed  to  combine  with  salts  of  the  potassium 
fiimily  —  sulphate  of  soda,  for  instance,  forming  double  salts  with  sulphate  of  lime, 
sulphate  of  zinc,  and  sulphate  of  water.  Wo  have  thus  the  means  of  distin^ishins 
between  a  double  salt,  and  the  salt  of  a  bibasic  or  tribasic  acid.  The  bisulphate  and 
binoxalatc  of  potassa  saturated  with  soda,  form  sulphates  and  oxalates  of  potassa  and 
0oday  which  separate  from  each  other  by  crystallization,  although  the  acid  i^lts  aro 
themselves  double  salts  of  water  and  potassa.  But  the  acid  fulminate  of  silver,  or 
the  acid  tartrate  of  potassa  Tbitartrate),  affords  only  one  salt  when  saturated  with 
soda,  in  which  isomorphous  oases  exist,  and  which,  therefore,  is  a  salt  of  one  acid, 
and  not  a  compound  of  iwo  salts.  The  great  proportion  of  tho  salts  which  are 
named  super,  acid  and  6i-salts,  contain  a  s^t  of  water,  and  are  double  salts  —  such 
as  the  supercarbonate  of  soda  (HO,  C02  4-NaO,C08),  the  bisulphate  of  potassa  (HO, 
80,+ KO,  SO,),  and  the  binacctate  of  soda:  but  a  few  of  them  are  bibasic  or  tri- 
basic salts,  oontjuning  one  or  two  atoms  of  water  as  base  ^-  such  as  the  salt  called 
Utartrate  of  potassa,  or  biphosphate  of  potassa  (2H0,  KO  +  P0»). 

From  these  observations  must  be  excepted  double  salts  formed  by  fusion,  and 
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manj  salts  formed  in  highly  acid  solutions,  which  are  scaroelj  limited  in 
composition ;  carhonate  of  potassa  fosinff  with  the  carbonate  or  sulphate  of  i 
sulphate  of  baryta  crystallizing  in  combination  with  sulphate  of  water,  froa 
in  sulphnrio  add.     Such  salts  are  decomposed  by  water,  and  are  otherwise  ^ 
in  stability,  compared  with  the  soluble  double  salts^  to  which  alone  the 
remarks  apply. 

There  is  no  parallelism  between  the  constitution  of  a  double  salt  and 
simple  salt  itself,  or  foundation  for  the  statements  which  are  sometimes 
one  of  the  salts  which  compose  a  double  salt  has  the  relation  to  the  other  o^l 
to  a  base,  and  that  one  salt  is  electro-negative  to  the  other.*  The  resdiill 
double  salt  into  its  constituent  salts  by  electricity,  has  never  been  exhibited 
not  to  be  expected,  from  what  is  known  of  electrolytic  action ;  while  no^ 
whatever  subsists  between  a  double  salt  and  a  simple  salt  on  the  binary  vi0i| 
constitution  of  the  latter.  Besides,  the  supposed  analogy  is  destroyed  byJ 
known  of  the  derivation  of  double  salts.  Sulphate  of  magnesia  acquires  an  i 
sulphate  of  potassa  in  the  place  of  an  atom  of  water,  which  is  strongly  attach^ 
in  becoming  the  double  sulphate  of  magnesia  and  potassa.  In  me  same  ^ 
sulphate  of  water  has  an  atom  of  water  also  replaced  by  sulphate  of  potosd 
coming  the  bisulphate  of  potassa ;  relations  which  appear  in  the  rational  ] 
of  these  salts : 

Sulphate  of  magnesia. Mgp(H)-f  6H 

Sulphate  of  magnesia  and  potassa Mg§^KS)-f  6d 

Sulphate  of  water  (acid  of  sp.  gr.  1.78) $^(9) 

Bisulphate  of  potassa HS(Ko) 

It  thus  i^pears  that  a  provision  exists  in  sulphate  of  magnesia  itself  for  thi 
tion  of  a  double  salt,  and  that  the  molecular  structure  is  unaltered,  notwitb 
the  assumption  of  the  sulphate  of  potassa  as  a  constituent  The  derivaUo 
acid  oxalates  likewise  throws  much  light  on  the  nature  of  double  salts.  Thi 
of  potassa  contains  an  atom  of  constitutional  water,  which  is  replaced  by  1 
oxalic  acid  (the  crystallized  oxalate  of  water),  in  the  formation  of  the  binoa 
potassa  (double  oxalate  of  potassa  and  water),  or  by  the  oxalate  of  ooppr 
formation  of  the  double  oxalate  of  potassa  aii^d  copper,  as  exhibited  in  the  i 
formulao,  in  which  the  replacing  substances  are  encl(^ed  in  brackets  to  nu 
as  before : 

Oxalate  of  potassa KCC,  (H) 

Binoxalate  of  potassa JK:CC,(HCCH0 

Oxalate  of  potassa  and  copper KCC,  (CuCCHg) 

Now  the  anomalous  salt,  quadroxalate  of  potassa,  is  derived  in  the  same  y 
the  binoxalate,  as  the  binoxalate  itself  is  derived  from  the  neutral  oxalate,  t 
of  water  being  displaced  by  two  atoms  of  hydrated  oxalic  acid,  thus : 

Binoxalate  of  potassa KCC,  HCC,  (2H) 

Quadroxalate  of  potassa KCC,  HCC,  (2HCi 

These  examples  illustrate  the  derivation  of  double  salts  by  suhslituti 
structure  of  the  salts,  too,  exemplifies  what  may  be  called  consecutive  oon 
The  basis  of  the  last  mentioned  salt,  for  instance,  is  oxalate  of  potassa,  wl 
direct  combination  with  oxalate  of  water.  A  compound  body  is  thus 
which  seems  to  unite  as  a  whole  with  two  atoms  of  hydrated  oxalic  acid, 
very  different  from  the  direct  combination  of  all  the  elements  which  coo 
salt 

In  the  formation  of  many  other  classes  of  double  salts,  no  substitution  m 
but  simply  the  attachment  of  two  salts  together,  often  of  an  anhydrous  y 
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dnted  Bali,  in  which  case  the  last  often  carries  its  combined  water  alons  with  it, 
and  aometimca  acquires  an  additional  proportion.  Thus  in  the  formula  of  the  double 
chloride  of  potassium  and  oopper,  KGl+CuCl,  2H0,  the  formulse  of  its  constituent 
Baits  reappear  without  alteration ;  and  in  that  of  alum,  sulphate  of  potassa  is  found 
with  the  hjdrated  sulphate  of  alumina  annexed,  of  which  the  water  is  increased 
from  eighteen  to  twenty-four  atoms.  In  these  and  all  other  double  salts,  the  cha- 
racters of  the  constituent  salts  are  very  little  affected  by  their  state  of  union.  If 
one  of  them  has  an  acid  reaction,  like  sulphate  of  alumina  or  chloride  of  copper,  it 
retains  the  same  character  in  combination ;  and  nothing  resembling  a  mutual  neu* 
tralization  of  the  salts  by  each  other  is  ever  observed.  N^o  heat  is  evolved  in  their 
formation.     (Memoirs  of  the  Chemical  Society,  ii.  51). 

•  The  compounds  of  chlorides  with  chlorides,  and  of  iodides  with  iodides,  are  nume- 
rous, and  were  viewed  by  Bonsdorf  as  simple  salts,  in  which  one  of  the  chlorides  is 
the  acid,  and  the  other  the  base.  But  such  an  opinion  can  no  (onger  be  entertained, 
the  chlorides  themselves  being  unquestionably  salts,  and  their  compounds,  therefore, 
double  salts. 

The  combinteons  of  such  salts  with  each  other  as  contain  different  acids  are  not 
80  well  understood,  the  theory  of  their  formation  having  hitherto  been  little  attended 
to.  They  are  in  general  decomposed  by  water,  and  easily,  if  the  solubility^  of  one 
of  their  constituents  is  considerable,  as  is  observed  of  the  compounds  of  iodate  of 
soda  with  one  and  with  two  proportions  of  chloride  of  sodium,  of  the  biniodate  of 
potassa  with  the  sulphate  of  potassa,  of  the  oxalate  of  lime  with  the  chloride  of 
calcium. 

The  compound  cyanides,  which  form  a  considerable  class  of  salts,  must  be  excepted 
from  all  the  prccediug  general  statements  in  regard  to  double  salts.  Cyanides  of 
the  same  family  combine  together,  as  cyanide  of  iron  with  cyanide  of  hydrogen ;  the 
compound  cyanide  also  generally  consists  of  three  and  not  of  two  simple  cyanides } 
and  lastly,  the  properties  of  compound  cyanides  are  very  different  from  those  of  the 
simple  cyanides  which  are  supposed  to  compose  them.  The  simple  cyanide  of  po- 
tassium, for  instance,  is  highly  poisonous,  while  the  double  cyanide  of  potassium 
and  iron  is  as  mild  in  its  action  upon  the  animal  economy  as  sulphate  of  soda.  But 
the  compound  cyanides  may  be  removed  from  the  class  of  double  salts,  on  a  specu- 
lative view  of  their  constitution  which  their  anomalous  character  led  me  to  propose. 
It  is  to  be  premised  that  the  supposed  double  proto-cyanide  of  iron  and  potassium 
(yellow  prussiate  of  potassa)  affords  no  hydrocyanic  acid  whatever  when  distilled 
with  an  excess  of  sulphuric  acid  at  a  temperature  not  exceeding  100^ ;  which  sug- 
gests the  idea  that  it  does  not  contain  cyanides  or  cyanogen.  Assuming  the  exist- 
ence of  a  new  compound  radical,  NjCe,  which  has  three  times  the  atomic  weight  of 
cyanogen,  and  may  be  called  prussincj  and  which  is  also  tribasylous  or  capable  of  com- 
bining with  three  atoms  of  hydrogen  or  metal,  like  the  radical  of  the  tribasio  class 
of  phosphates,  then  the  compound  cyanides  assume  a  constitution  of  extreme  sim- 
plicity. We  have  one  atom  of  prussine  combined  always  with  three  atoms  of  hydro- 
gen or  metal  in  the  following  salts :  in  the  proto-cyanide  of  iron  ancT  potassium  with 
one  of  iron  and  two  of  potassium ;  in  the  oomponnd  called  fcrro-cyanic  acid,  with 
one  of  iron  and  two  of  hydrogen ;  in  Mosander's  salts,  with  one  of  iron,  one  of  po- 
tassinm  and  one  of  barium,  calcium,  &c. ;  with  two  of  iron  and  one  of  potassium  in 
the  salt  which  precipitates  on  distilling  the  yellow  prussiate  of  potassa  with  sulphuric 
acid  at  212^.  To  many  of  these,  parallel  combinations  might  be  adduced  from  the 
tribasio  phosphates.  Prussides  likewise  combine  together,  producing  doable  prus- 
aides,  such  as 

Percyanide  of  iron  and  potassium 

(red  prussiate  of  potassa) Fe8,*N,Ce+Ks,  N^G^ 

Prussian  blue Fci^  NjC+Fe,,  N.C. 

Basic  pmanan  blue Fe„  NA-hF^,  NA+^eA 
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Formation  of  salts  hy  substitution.  —  Chemists  have  come  to  prone 
decidedly  on  theories  of  the  constitution  of  salts  and  the  arrangement  of 
in  these  and  other  compounds,  since  their  attention  has  been  fiieid  upon  the^ 
tion  of  compounds,  by  the  subtitution  of  one  element  for  another,  without  ii 
tbe  original  form  or  type,  and  often  to  give  a  preference  to  empirical  over 
formulas,  while  their  opinions  on  chemical  constitution  were  suspended, 
mentary  composition  of  oil  of  vitriol,  or  the  hydric  sulphate,  is  expressed  by 
the  sulphate  type,  and  other  neutral  sulphates,  are  formed  by  replacing  thdl 
gen  by  a  metal;  the  zinc  sulphate,  SO^Zn ;  the  soda  sulphate,  S04Na.  ^ 
hardt,  assuming  as  a  law  that  the  equivalent  of  all  compound  bodies  gil| 
volumes  of  vapour,  divides  the  equivalents  of  the  following  elements  by  I 
nitrogen,  phosphorus,  chlorine, hydrogen,  and  all  the  metals;  and  is  thereby  j 
to  construct  substitution  formulae,  which  are  often  remarkable  for  their  sinsj 
This  will  appear  in  the  following  selected  formula) :  — 

Formula  by  M.  Gerhardt. 
(0=8,  S=16;  the  other  symbols  =  half  the  usual  equivalents.)  i 

I.    NITRATES. 

Hydric  nitrate NOgH         ") 

Magnesia  nitrate NOsMg        v  Monobasyloas  81 

Potassa  nitrate NOsK         ) 

II.   SULPflATES. 

• 

Hydric  sulphate SO^Hj 


l^^t^::::::::::::::::::::::::  ioi^  \B^j^or.^ 

Potassa  bisulphate SO4KH      J 

ni.   TRIBASIC  PHOSPHATES. 

Hydric  phosphate PO4H3 

Subphosphate  of  soda P04Na3        .  Tribasvlous  sail 

Phosphate  of  soda PO^Na^H     j^ -^nbasyioua  sau 

Siphosphate  of  soda P04NaH2 

The  preceding  groups  are  symbolized  without  any  division  of  the  eqxd 
used ;  but  M.  Gerhardt  departs  from  this  practice,  when  necessary,  in  the . 
system  of  notation  which  he  recommends :  — 

Anhydrous  alum SO4  (K,  AL) 

Pyrophosphate  of  soda PO- (Na,) 

Subpho^hateofsoda-f-HO PO.  (Na^H) 

Although  a  rational  formula,  strictly  speaking,  expresses  no  more  than  a 
position,  —  and  the  rational  formulae  of  a  compound  may  truly,  therefon 
numerous  as  the  modes  of  decomposition  of  which  it  is  susceptible,  —  stil 
would  undoubtedly  be  lost  by  abandoning  such  formulae  for  formulse  wl 
entirely  empirical ;  unless,  indeed,  it  is  found  that  the  uniform  practice  of  ex 
the  leading  constitnent,  in  the  proportion  of  a  single  equivalent,  should  b 
gether  different  bodies  under  common  formulae,  which  are  types  of  useful  d 
tion,  as  M.  Gerhardt  maintains. 

Salts  of  Ammonia,  —  Ammonia  is  a  gaseous  compound  of  one  equivalen 
trogen  and  three  of  hydrogen,  of  which  the  solution  in  water  is  caustic  and  a 
and  which  neutralizes  acids  perfectly,  vl%  potassa  and  soda  do.  But  all  its  < 
acid  salts  contain,  besides  ammonia,  an  equivalent  of  water  which  is  esse 
them,  and  inseparable  without  the  destruction  of  the  salt;  and  with  this  ad 
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eonstituent  they  are  isomorphous  with  the  salts  of  potassa.  Hydrochloric  acid  also 
unites  with  ammonia  without  losing  its  hydrogen,  and  the  compound  or  hydrochlo- 
rate  of  ammonia,  which  is  isomorphous  with  the  chloride  of  potassium,  contains, 
therefore,  an  equivalent  of  hydrogen,  besides  chlorine  and  ammonia.  On  the  now 
generally  received  theory  of  these  salts,  the  ammonia  with  this  hydrogen,  or  that  of 
the  water  in  the  oxygen-acid  salts,  constitutes  a  h3rpothetical  basyl,  ammonium 
(NH4),  to  which  allusion  has  already  been  made  as  being  isomorphous  with  potas- 
sium. This  view  of  the  constitution  of  the  salts  of  ammonia  will  bo  made  obvious 
by  a  few  exaqiples :  — 

ON   THI  AMMONIUM   THEOBT. 

Hjdrochlorate  of  ammonia,  HN3,  HCl  ...  Chloride  of  ammonium,  NH^  CI 

Sulphate  of  ammonia,  NH.,  HO,  SO^    ...  Sulphate  of  oxide  of  ammonium,  NH^O,  SO3 

Nitrate  of  ammonia,  NH,  HO,  NO,        ...  Nitrate  of  oxide  of  ammonium,  NH^O,  NO5 

The  application  of  this  theory  to  the  compounds  of  ammonia  with  hydrosulphuric 
acid  and  sulphur  is  particularly  felicitous.  These  compounds  may  be  thus  repre- 
sented, and  plaeed  in  comparison  with  their  potassium  analogues,  NH4  being  equi- 
valent to  K :  — 

Sulphide  of  ammonium Nn4S  ...  KS 

Sulphide  of  ammonium  and  hydrogen  (bihy- 

drosulphate  of  ammonia NH4S,  HS  ...  KS,  HS 

Tritosulphide  of  ammonium NH4S3  ...  KS3 

Pentasulphide  of  ammonium NH4S5  . . .  KS5 

Ammonium  is  supposed  to  present  itself  in  a  tangible  form,  and  in  possession  of 
metallic  characters,  in  the  formation  of  what  is  called  the  ammaniacal  amalgam. 
When  mercury  alloyed  with  one  per  cent,  of  sodium  is  poured  into  a  saturated  cold 
solution  of  sal  ammoniac  (chloride  of  ammonium),  it  undergoes  a  prodigious  increase 
of  bulk,  expanding  sometimes  from  one  volume  to  two  hundred  volumes,  without 
becoming  in  the  least  degree  vesicular,  and  acquiring  a  butyraceous  consistence, 
while  its  metallic  lustre  is  not  impaired.  A  small  addition  is  at  the  same  time  made 
to  its  weight,  estimated  at  from  1  part  in  2000  to  1  in  10,000,  which  certainly  con- 
sists of  ammonia  and  hydrogen  in  the  proportions  of  ammoniuiA.  The  sodium,  it  is 
supposed,  combines  with  the  chlorine  of  chloride  of  ammonium,  and  the  liberated 
ammonium  with  mercury,  so  that  the  metallic  product  is  an  amalgam  of  ammonium. 
It  speedily  resolves  itself  again  spontaneously  into  running  mercury,  ammonia,  and 
hydrogen,  unless  the  temperature  be  reduced  so  far  as  to  freeze  it.  After  all,  how- 
ever, neither  isolation  nor  the  metallic  character  is  essential  to  ammonium  as  an 
alkaline  radical,  other  basyls  being  now  admitted,  such  as  ethyl  and  benzoyl,  which 
have  tio  claim  to  such  characters. 

Other  classes  of  ammoniacal  salts  may  be  formed  in  which  the  fourth  equivalent 
of  hydrogen  in  ammonium  is  replaced  by  a  metal  of  the  magnesian  funily,  —  by 
copper  in  particular,  which  most  resembles  hydrogen.  Thus  anhydrous  chloride 
of  copper  absorbs  a  single  equivalent  of  ammonia  with  great  avidity  and  the  evolu- 
tion of  much  heat,  which  cannot  afterwards  be  separated  from  it  by  the  agency  of 
heat.  The  compound  appears  to  be  strictly  analogous  to  chloride  of  ammonium,  but 
contains  an  equivalent  of  copper  in  the  place  of  hydrogen.  Its  formula  is  NH3CU, 
CI,  and  it  may  be  named  the  chloride  of  cnprammonium.  This  salt  and  many 
others  are  likewise  capable  of  combining  with  more  ammonia,  which  is  retained  less 
strongly,  and  has  the  relation  of  constitutional  water  to  the  salt.  The  constitution 
of  these  combinations  will  be  more  minutely  considered  in  other  parts  of  the  work. 

Awudogtn  and  amides.  —  The  existence  of  another  compound  of  nitrogen  and 
hydrogen  (NHj),  containing  an  equivalent  less  of  hydrogen  than  ammonia,  is  recog- 
nized in  an  impcviant  series  of  salino  compounds,  although  it  has  not  been  isolated. 
These  componnds  are  called  amides,  and  hence  the  name  amidogen  applied  to  their 
zadioaL     When  potaniam  is  heated  in  ammoniacal  gas,  the  metal  is  converted  into 


170       ARRANGEMENT  Or  ELEMENTS  IN   COMI^OUNDS 

Now  the  acid  character  of  hydrochloric  acid,  which  is  neutralixed  in 
pcuds  upou  the  former  substance  being  a  compound  in  which  a  powerful 
chlorine,  is  united  with  a  weak  basyl,  hydrogen.     With  a  powerful  boi^ 
potassium,  chlorine  gives  a  neutral  salt,  the  chloride  of  potassium.     But  it 
ble  that  the  subchloride  of  hydrogen,  H|C1,  if  it  could  exist  in  a  scpai 
would  be  an  equally  neutral  siUt,  for  hydrogen  belongs  to  the  magnesian  cl 
ments,  two  atoms  of  which  appear  to  be  equivalent  to  one  atom  of  the 
class,  or  HgCl  to  be  equivalent  to  KCl,  and  possibly  isomorphous  with^ 
atom  of  nitrogen  there  are  also  grounds  for  believing  to  bo  equivalent  in 

N  i 

to  two  atoms  of  oiygen,  or  N=20.     Hence  the  compound  ^  has  a  chad 

...     0  '  1 

saturation,  or  polar  neutralization,  like  j^  or  two  equivalents  of  water.     Ii 

nia,  therefore,  the  third  basylous  atom  of  hydrogen  may  well  be  consider^ 
saturated,  and  to  be  what  imparts  a  basylous  or  positive  character  and  activjj 
compound.     In  metallic  oxides  which  are  bases,  we  have  also  the  positive 
of  the  metal  imperfectly  saturated  by  the  weak  negative  body  oxygen,  and. 
tive  attraction  therefore  in  excess. 

In  the  oxygen  acids,  on  the  contrary,  there  is  an  excess  of  negative  attraol 
the  predominance  of  the  oxygen  element,  and  it  is  remarkable  that  in  1 
powerful  acids,  such  as  sulphuric,  nitric,  and  chloric,  one  equivalent  of  thii 
is  but  feebly  united,  and  its  negative  attraction  free  to  act,  like  the  positive  | 
of  the  third  equivalent  of  hydrogen  in  ammonia.  Hence  ammonia  and  « 
sulphuric  acid  readily  combine : — 

N         00,       N  0  Oa 


H2H         0         H2  H  S 

From  the  action  of  the  affinities  exhibited  in  the  last  formula,  a  stable  cq 
results ;  but  it  is  not  intended  to  express  that  amidogen,  water,  and  sulphu 
exist  ready  formed  in  the  compound.  Indeed,  in  no  case  do  the  fonnuls 
actual  formation  of  subordinate  compounds,  or  anything  more  than  what ; 
dered  to  be  the  predominating  set  of  attractions  among  all  the  possible  a 
which  the  elements  have  for  each  other,  and  all  of  which  they  continue  t< 
some  degree. 

In  sulphate  of  oxide  of  ammonium,  the  affinities  of  equilibrium  are  th( 
elements  of  amidogen,  suboxide  of  hydrogen,  and  sulphuric  acid : — 

Constitution  of  Sulphate  of  Ammonia.     Sulphate  of  Ammonia. 

N_       O       0,  ^  N  0  0, 

H|         U  a  H2  H2  0 

In  this  and  all  the  other  oxygen-acid  sidts  of  ammonia,  the  highly  alka 
HgO  appears,  and  constitutes  the  point  of  attachment  for  the  acid.  Otb 
of  stability  in  the  sulphate  of  ammonia  are  —  first,  the  attraction  of  N  fo 
atom  of  hydrogen,  which  is  never  entirely  relinquished,  although  the  latt 
under  the  influence  of  the  0  of  the  water ;  and,  secondly,  the  attraction 
of  the  sulphuric  acid  for  the  basylous  Uj :  for  these  cross  attractions  p 
division  of  the  compound  into  subordinate  compounds  under  the  influe 
predominating  affinities  first  enumerated.  This  salt  may  be  taken  as  a  fa: 
of  the  assumed  mode  of  formation  of  compounds,  in  which  the  affinities  < 
mentary  atoms  only  are  operative,  to  the  entire  exclusion  of  the  affiniti 
assigned  to  subordinate  groups  of  elements  acting  as  compound  radicals 
elements. 

Why  are  arsenic  and  phosphoric  acids  tribasic  ? — Phosphoric  acid,  P< 
considered,  from  its  properties  and  mode  of  formation,  as  phosphorous  uid 
two  equivalents  of  oxygen  less  strongly  combined;  and  in  Uie  same  w 
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•eidy  AsOs,  as  areenious  acid,  AsOs  +  two  equivalents  of  oxygen.  Now,  when 
miited  with  a  base,  which  we  shall  suppose  a  metallic  protoxide,  RO,  these  two 
■orplus  equivalents  of  oxygen  in  the  phosphoric  acid,  added  to  the  single  equivalent 
of  oxygen  in  the  base,  convert  an  equivalent  of  the  latter  into  an  acid  of  the  formula 
ROj.  Two  more  equivalents  of  base  are  required — one  to  neutralize  this  RO3,  and 
the  other  to  neutralize  the  phosphorous  acid,  POj ;  making  three  equivalents  of  base 
to  every  single  equivalent  of  phosphoric  acid.  The  general  formula  for  a  so-called 
ttibasic  phosphate  is,  therefore—- 

mi,*  0  O3     ^     0  O3 

and  resembles  a  double  sulphate,  RO,  SOj+RO,  SO]. 

Tribasic  subphosphate  of  lime  (3CaO,  POg) r~~n~~r~^ 

Phosphoric  acid  appears  farther  to  have  the  power,  when  heated  strongly,  of  as- 
saming  the  two  equivalents  of  oxygen  referred  to  into  a  more  intimate  state  of  com- 
bination, possibly  with  the  loss  of  a  portion  of  combined  heat,  and  gives  the  class 
of  monobasic  metaphosphates.     The  general  formula  of  a  metaphosphate  is — 

Metaphosphate ,y~ 

A  pyrophosphate,  or  so-called  bibasic  phosphate,  is,  on  this  view,  a  compound  of 
a  common  phosphate  and  metaphosphate  : — 

x>       ,      ,  ,  OO3OO3    ^    0  0, 

Pyrophosphate ^^^^    +    ^ 

Hence  the  equivalent  of  a  pyrophospate  contains  four  equivalents  of  base  and  two 
of  phosphoric  acid — the  reason  why  so  many  double  pyrophosphates  appear  to  exist. 
Phosphoric  acid  is  thus  supposed  to  resemble  those  conjugate  organic  acids  which 
combine  with  two  equivalents  of  base,  because  they  possess  the  elements  of  two  dif- 
ferent acids. 
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Since  the  existence  of  simple  relations  between  the  combining  volumes  of  gaseous 
bodies  was  ascertained  by  Gay-Lussac,  various  attempts  have  been  made  to  establish 
similar  relations  between  the  measures,  as  well  as  the  weights,  in  which  bodies,  in 
the  liquid  and  solid  form,  enter  into  combination.  If  the  atoms  of  all  elements  had, 
in  the  solid  form,  the  same  bulk,  their  specific  gravities  would  be  regulated  by  their 
atomic  weights,  and  be  in  the  same  proportion.  It  was  early  observed  by  M.  Dumas, 
that  a  close  approximation  to  this  simple  ratio  holds  among  the  specific  gravities  of 
a  considerable  number  of  isomorphoua  bodies ;  but  it  is  by  no  means  general.  The 
subject  has  received  its  fullest  investigation  from  Professor  Scbroeder  of  Mannheim^, 
Br.  Hermann  Kopp^  of  Gicssen,  and  Messrs.  Playfair  and  Joule.*  Much  informa- 
tion has  been  collected,  and  many  curious  relations  in  the  specific  gravities  of  parti  • 
cnlar  bodies  pointed  out;  but  the  general  deductions  drawn  can,  in  general,  claim 
only  a  certain  degree  of  probability.  Much  of  the  uncertainty  arises  from  the  spe- 
cific gravity  of  a  body  in  the  solid  form  being  often  variable  between  rather  wido 

*  Die  Moleculanrolame  der.chemischen  Ycrbindungon  im  festen  und  flassigen  Zustando' 
Mannh^xn,  1848. 

<  Bemerkungen  xur  Volamtheorie,  Brannschweig,  1844;  Annales  de  Chimie  ct  de  Phy* 
riqiie,  2e  S6t.  T.  Ixxv.  and  Se  S^r.  T.  It.  p.  462. 

*  Memoirs  of  the  Chemical  Society  of  London,  vol.  li.  p.  401 ;  vol.  iii.  pp.  57  and  109. 
Also,  a  pAper  on  &e  Confititotion  of  Aqueous  Solutions  of  Acids  and  Alkalies,  by  Mr.  J.  J 
Grif&xi;  ibtd.p.  IM. 
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limits.     Thus  platinum,  in  a  pulverulent  state,  roduoed  from  its 
double  chloride  of  platinum  and  ammonium  respectively,  is  foni 
oifio  gravity  17*766  in  the  first  case,  and  21-206  in  the  second  (PI 
and  the  effect  of  compression  upon  the  malleable  metals  is  genei 
As  the  rate  of  dilatation  of  different  solids  and  liquids  by  heat  is  v< 
obvious  their  relations  in  density  may  also  bo  disturbed  or  disguii 

At  present,  I  shall  confine  myself  to  a  summary  of  the  resul^lj 
this  subject,  which  partake  least  of  a  speculative  character, 
which  I  substitute  for  the  specific  volume  of  Br.  Kopp,  in  the 
the  volume  or  measure  of  an  equivalent  or  atomic  proportion  of 
stances  enumerated.  The  calculated  density  is  obtained  by  di^ 
weight  by  this  volume.  Thus  an  equivalent  of  mercury,  1266  part 
the  volume  93  assigned  to  it.  Now  1266,  divided  by  93,  gives  18* 
lated"  specific  gravity,  which  coincides  with  the  specific  gravity  of  ] 
observed  by  Kupffer  and  others.  The  atomic  volume  for  oxygea 
appear  to  be  16,  or  a  multiple  of  that  number,  and  is  the  modulus  i 

Tablb  L 
Atomic  Volume  and  Specific  Gravity  of  ElemefUM, 


Substanees 

. 

Atomic 
Weight. 

BS-B 

^<> 

120 

80 

135 

160 

81 

160 
69 
44 
44 

160 
65 
67 

160 
44 

114 

44 

93 

69 

44 

67 

67 

111 

57 

683 

67 

116 

180 

292 

101 

101 

67 

69 

68 

Calculated 
Sp.  Grav. 

*  ■ 

• 

* 

Observed  Specite 

i 

Antimony 

Arsenic 

Bismuth 

Bromine 

Cadmium 

Chlorine 

Chromium  .... 
Cobalt 

Sb 

As 

Bi 
Br 
Cd 

CI 
Cr 
Co 
Cu 

Cy 

Au 

Ir 

I 

Fe 

Pb 

Mn 

Hg 

Mo 

Nl 

Os 

Pd 

P 

Pt 

K 

R 

Se 

Ag 
Na 

S 

St 

T 

W 

Zn 

806 

470 

1330 
489 
697 

221 
362 
369 
396 

166 

1243 

1233 

789 

839 

1294 

846 

12^6 
699 
370 

1244 
666 
196 

1233 
490 
661 
496 

1362 
291 
201 
736 
804 

1183 
403 

6-72 

6-87 

9-85 
306 
8-60 

1-38 
610 
8-39 
9  00 

1-08 

19-1 

21-6 
4-93 
7-70 

11-86 

7-86 

13-6 
8-68 
8-41 

21-8 

11-7 
1-77 

21-6 
0-84 

11-4 
4-30 

10-4 
0-99 
1-99 
7-28 
6-33 
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6-95 

6-70  Karsten ;  6-6  Brei(| 
chenbroeck. 

6-70,  5'96Guibourt;  64 
Heropath. 

9-88  Thenard;  9-88  Her«| 

2-99  Loewig;  2-97  Bal«| 

8*66  Herapath ;  8-63  Ki 
Stromeyer. 

1-38  Faraday. 

6-10  Thomson. 

8-49  Brunner :  8*51  Ben 

Conner 

8*96  Berzelius:    900  1 

Cyanogen  

Gold 

Earsten. 
About  0-9  Faradald 
19*26  Brisson.                  « 

Iridium 

19-5  Mohs;  23-5  BreitM 

Iodine 

4-96  Gay-Lussac.         71 

7-6,  7-8Broling;  7-79  1 
11-33  Eupffer;  11-89  Eau 
path. 

803  Bachmann;  801  Ji 
18-6  Eupffer,  Earsten,  Ol 

8-62,  8-64  Bucholz. 

8-40  Tourte ;  8-38  Tupjw 

Native ;  19-6  (?)  Tl 

11-8  Wollaston;  12-1  Loi 

1-77  Berzelius. 
21-0  Borda;  21*6  Berzelil 

0*86  Gay-Lussac,  Thenai 
11-0  Wollaston;  11-2  Clo 

4*80,  4-32BerzeUus;  4« 
10*4  Earsten. 

Iron 

Lead 

Manganese.... 

Mercury 

Molybdenum  . 
Nickel 

Osmium 

Palladium 

Phosphorus ... 

Platinum 

Potassium 

Rhodium 

Selenium 

Silrer 

Sodium 

0-97  Gay-Lussac  and  Tl 
1-99,  206  Earsten;  1-0 
7-28  Herapath ;  7-29  Kx 
6-8  Wollaston ;  6*28  E« 
17-2  Allan  and  Aiken;  V 
6-92  Earsten :  6*86,  7*t 

Sulphur 

Tin.! 

Titanium  ....t. 

Tungsten 

Zim^ 
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It  will  be  observed  that  certain  analogous  substances  possess  the  same  atomic 
Tolttme  : — bromine;  chlorine,  cjanogen,  and  iodine;  chromium,  molybdenum,  and 
tungsten ;  cobalt,  copper,  iron,  manganese,  and  nickel ;  iridium,  osmium,  palladium^ 
platinum,  and  rhodium. 

There  are  also  analogoos  substances  of  which  the  atomic  volume  of  one  is  double 
ihai  of  the  other.  The  volume  of  an  equivalent  of  silver  is  double  that  of  gold, 
and  the  volume  of  potassium  double  that  of  sodium. 

When  a  substance  enters  into  combination,  it  either  occupies  its  own  volume,  or 
assumes  a  new  volume,  which  last  may  remain  constant  through  a  class  of  com- 
pounds. Hence  the  volumes  in  the  preceding  table  are  described  as  the  primitive 
alomio  volumes.     The  metals  enumerated  possess  the  following  atomic  volumes  in 

their  salts :— -  Atomic  yolume  in  Salts. 

Ammonium 218 

Barium  148 

Calcium 60 

Magnesium *. 40 

Potassium  234 

Sodium  130 

Strontium 108 

The  other  metals  are  supposed  to  retain  their  primitive  volumes  in  combination. 

In  explaining  the  atomic  volume  of  carbonates,  it  is  supposed  by  Dr.  Kopp  that 
the  salt-radical  CO3  enters  into  its  combinations  with  the  atomic  volume  151. 
In  the  nitrates,  the  salt-radical  NOs  is  supposed  to  have  the  atomic  volume  358. 
In  one  class  of  sulphates,  SO4  is  supposed  to  have  the  atomic  volume  286 ;  in 
another,  the  atomic  volume  186. 

In  the  chromates,  the  atomic  volume  of  Cr04  is  228 ;  and,  in  the  tungstateSj 
that  of  WO4  is  244. 

The  atomic  volume  of  chlorine  is  196  in  one  class  of  chlorides,  and  245  in  another. 
On  combining  the  atomic  volumes  of  the  metals  contained  in  the  salts  with  these 
suppositions  for  their  salt-radicals,  the  atomic  volume  of  the  compound  is  obtainedj 
and  the  following  calculated  specific  gravities : — 

Table  II. — Atomic  Volume  and  Specific  Gravity  of  Salts, 

CARBONATES. 


Cabboxatss. 


Cadmium 

Iron 

Lead  


Manganese 

K/Uvcr  •*.•.......•.• 

Zinc 


Baryta 


Lime 


Magnesia 


Potassa. 
Soda  .... 
Strontia 


Dolomite. 


MesUiae 


•••• 


Atomic 
Weight. 


1073 

716 

1670 

722 

1728 

779 

1238 


632 


584 


866 
067 
928 

1166 
1260 


Formula. 


Cd+CO, 
Fe+CO. 
Pb+CO, 

Mn+CO, 
Ag+CO, 
Zn+CO. 

Ba-fCOs 


Ca+COj 

Mg+co; 


K+CO- 
Na+CO, 

Sr-fCO. 

Mg+tJO, 

Ca+CO, 

Mg+CO, 

Fe-fCO, 


Calculated 
Atomic  Volume. 


81 +151  =.232 
1444- 151  ar  195 
1144-151:^265 


44  +  151: 

130+151= 

68+151: 


:195 
:281 
:209 


148+151=294 


60+151=211 
40+151=191 


284+151: 

180+151; 
108+151: 

40+151 
60+151 
40+151 
44+161 


.886 

:281 
:259 

:402 

.886 


Calcu- 
lated 
Sp.  Gr. 


4-63 
8-67 
680 

8-70 
615 
8-78 

419 


8  00 
2-80 


2-25 
2-37 
8-56 

2-90 
8-24 


Obserred 
Specific  Gravity. 


4-42  Herapath;  4-49  K. 
3'33Moh8;3-87Naum. 
6-48    Karsten;     6-47 

Breitbaupt 
3-55»  8-59  Mobs. 
608  Karsten. 
4-44  Mobs;   4-4,  4-5 

Nanpann. 
4*80    K&rsten;     4-24 

Breit;  4-30  Moha. 
'Arragonite         8-00 
Breit ;  2-98  Mobs. 
Cale.     spar        2-70 
Kar.;2-72Beudanl. 
2-81  Breithaupt; 
8-00,  811  Moba; 
2-88,  2-97  Naum. 
2-26  Karsten. 
2*47  Karsten. 
8-60  Mobs;  8*62  K. 

2*88  Mobs. 
8*85  Mobs. 
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NITRATES. 


Nitrates. 


Lead  

Silver  .... 
Ammonia 
Baryta ... 
Potassa  .. 
Soda  ..... 

Strontia  . 


Atomic 
Weight. 


2071 

2129 
1004 
1634 
1267 
1068 

1824 


Formula. 


Pb+NOe 

Ag+NO, 

Am+NOg 

Ba+NO. 

K+NO. 

Na+NO, 

Sr+NOe 


Calculated 
Atomic  Volume. 


114+358=472 

130+358=488 
218+358=576 
143+858=501 
234+358=592 
180+858=488 

108+858=466 


Calcu- 
lated 
Sp.  Gr. 


4-40 

4-86 
1-74 
8-20 
214 
2-19 

2-84 


01 

Specific 


4-40  Karsten ; 

haupt;  4*84 
4-36  Karsten. 
1-74  Kopp. 
8-19  Karsten. 
210  Karst ;  2* 
2*19  Marx.;   2ij 

2*26  Karsi 
2*89  Karsten. 


SULPHATES:  pibst  class. 


Sulphates. 

Atomic 
Weight 

Formula. 

Calculated 
Atomic  Volume. 

Calcu- 
lated 
Sp.  Gr. 

(S 

Obserml 

Specific  Giifl 

4 

CoDDer  

997 
1953 
1004 

857 

759 
892 

Cu+SO. 
Ag+SO, 
Zn+SO^ 
Ca+SO^ 

Mg+SO, 
Na+SO^ 

44+286=280 

130+236=366 

58+236=294 

60+236=296 

40+236=276 
180+286=866 

8-56 
5-34 
8-42 
2-90 

2-75 
2-44 

3-53  Karsten.    J 
5-34  Karsten.     ] 
8*40  Karsten. 

Silver 

Zinc 

Lime 

2-96    Naumanv 

Karsten. 
2*61  Karsten.    ^ 
2*46  Mohs*  2-fl 

Magnesia  

SocUt  

4 

' 

SULPHATES:  second  class. 

J 

SCLPHATES. 

Atomic 
Weight. 

Formula. 

Calculated 
Atomic  Volume. 

Calcu- 
lated 
Sp.  Gr. 

Obserrti 
Specific  Gri 

Lead 

1895 
1458 
1091 
1148 

Pb+SO. 

Ba+SO. 

K+SO. 

Sr+SO^ 

114+186=800 
1434-186=829 
234+186=420 
108+186=294 

6-32 

•4-43 

2-60 

8-90 

6-80  Mohs:  C-11 

Baryta 

4-45  Mohs :  4*91 

Potassa 

2*62  Karst:  2'€ 

Strontia 

8-95  Breit;  8-61 

CHROMATES  AND  TUNGSTATES. 


Chuomates 

and 
Tungstates. 

Atomic 
Weight. 

Formula. 

Calculated 
Atomic  Volume. 

Calcu- 
lated 
Sp.  Gr. 

•  Obserrti 
Specific  Gm 

1 

Lead  

2046 
1241 
2877 
1889 

Pb+CrO. 

K+CrO. 

Pb+WO. 

Ca+WO^ 

114+228=842 

234+228=462 

114+244=358 

60+244=304 

6-98 
2-69 
804 
605 

5-95  Breith.;  6<4 

Potassa 

2-64  Karst.:  2*' 

Lead  ..a 

80  Gmel.;  81 

Lime 

6*04  Kara.:  6*0 

1 

CHLORIDES:  first  class. 

ClILOBIDBS. 

Atomic 
Weight 

Formula. 

Calculated- 
Atomic  Volume. 

Calcu- 
lated 
Sp.  Gr. 

Obserri 
Specific  On 

Lead 

1786 

1794 

1299 
783 

Pb+Cl 

Ag+Cl 

Ba+Cl 
Na+Cl 

114+196=310 

130+196=826 

143+196=339 
180+196=826 

5*60 

6-50 

8 '83 
2*26 

6*68  6*80  Kara 

SiWer 

6*34  Monro. 
6-60  6*67  Kan 

Barium 

Boul. ;  618  ; 
8*86  Boul. :  8-? 

Sodium 

2*26  Moha:  2- 

208  Karstea 
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CHLORIDES:   bxcond  class. 


Chlo&idea. 


Copper . . 
Mercury 


Ammonium .... 


Calcium. 


Potassium. 
Strontium. 


Atomic 
Weight 


1234 
1708 

2974 

669 

698 

932 
989 


Formula. 


2CU+C1 
Hg+Cl 

2Hg+a 

Am+a 

Ca+a 

R+Cl 
Sn+Cl 


Calculated 
Atomic  Volume. 


88+245=333 
93+245=338 

186+246=431 

218+245=463 

60+246=305 

234+245=479 
108+245=853 


Calcu- 
lated 
Sp.  Gr. 


8-70 
605 

6-90 

1-44 

2-29 

1-94 
2-80 


Obser?ed  Specific  Gravity. 


3-68  Karsten. 

514  Gmel. ;  5-43  Boul. ; 
5*40  Karsten. 

6-99  Karsten ;  6-71  Hera- 
path;  7*14  Boullay. 

1-45  Watson;  1-50  Kopp; 
1-53  Mobs. 

2-21,  2-27  BoUllay;  1-92 
Karsten. 

1-94  Kopp ;  1-92  Karsten. 

2-80  Karsten. 


In  ezplainiDg  the  specific  gravity  of  oxides,  it  is  necessary  to  make  three  assump- 
tions for  the  specific  volume  of  oxygen.  In  the  first  small  class  of  oxides,  the  oxy- 
gen is  contained  with  the  atomic  volume  16;  in  the  second  and  large  class,  with  the 
atomic  volume  32 ;  and,  in  the  third  class,  with  the  atomic  volume  64.  The  metals 
are  supposed  to  retain  their  primitive  atomic  volumes. 

Table  III.  —  Atomic  Volume  and  Specific  Gravity  of  Oxides, 

FIRST   CLASS. 


0XIDB9. 

We%t.    F»™""- 

Calculated 
Atomic  Volume. 

Calcu- 
lated 
Sp.  Gr. 

Observed  Specific  Gravity. 

Antimony 

Chromium 

Tin 

1006 

1003 

935 

Sb+20 

2Cr+30 

Sn+20 

120+32=154 
138+48=186 
101+32=133 

6-53 
5-39 
7  03 

6-53  Boullay ;  6-70  Karst. 
5-21  Wohler. 

6-96  Mohs;  6-90 Boullay; 
6-64  Ilerapath. 

SECOND  CLASS. 


OZIDU. 


Antimony. 
Bismuth... 

Cadmium. 

Cobalt 

Copper.... 

Iron 


Lend 


Manganese. 
Mercuiy 

Molybdenum... 

Tin 

Titanium 


2U1I0*«*»««. 


•••••*• 


Dnemt*. 


Atomic 
Weight. 

2960 

797 

1038 

496 

978 
1394 

1494 
2889 

446 
1^66 

799 
885 
604 


Formula. 


2Sb+80 
2Bi+80 


Cd. 

2Co. 
Cu. 


0 

80 

0 


608 


2Fe+80 
Pb+0 

Pb+20 
2Pb+80 

Mn+0 
Hg+0 

Mo+20 

8n+0 

Ti+20 


Zn+0 


Calculated 
Atomic  Volume. 


942 


f  Fe 
\Tl 


1 

}+80{ 


240+96: 
270+96: 

81+32: 

88+96: 
44+32: 

88+96. 

114+82: 

114+64= 
228+96: 

44+32- 
98-f82: 

Q9+64: 

101+82: 

57-J-64. 
68+82: 


:336 
:366 

:113 
:184 
:    76 

:184 
:146 

:178 
:324 

.  76 

:125 

:183 
:133 

•121 
t  90 

1 197 


Calcu- 
lated 
Sp.  Gr. 


5-69 
809 

705 
5-64 
6-53 

5-81 
9-55 

8-40 
8-91 

6-87 
10-9 

601 
6-28 
4-16 

6-48 
4-78 


Observed  Specific  Gravity. 


6-78  Boullay;  5-57  Mohs. 
817  Karst.;  8-21  Herap.; 

8*46  Royer  and  Dum. 
6-95  Karsten. 
5-60 Boullay ;  5-32  Herap. 
6-43  Karst. ;  618  Boul. ; 

6*40  Herapath. 
6-28  Boullay;  6-25  Mohs. 
9-50  Boulhiy;  9-28  Herap.; 

9-21  Karsten. 
8-90  Ilerap. ;  8-92  Karst 
8-94  Muschenbroek ;  8-60 

Karst;  9-20  Boullay. 
4-73  Herapath. 
11-0  Boullay;  111  Hera- 
path; 11*2  Karsten. 
5-67  Bucholz. 
6-67  Herapath. 
418Klaproth;  4-20,  4-26 

Breithaupt 
6-43  Mohs;  5-60  Boullay; 

5-78  Karsten. 
4-78,  4-79  Breithaupt; 

4-76,  4-78  Kupffer. 
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THIBD  CLASS. 


Oxides. 


Copper 

Mercury 

Molybdenum... 

Silver 

Tungsten 


Atomic 
Weight 


892 

2682 
899 

1452 

1483 


Formula. 


20u+0 

2Hg+0 
Mo  4- 30 

Ag+0 

W+80 


Calculated 
Atomic  Volume. 


Calcu- 
lated 
Sp.  Gr. 


88 -f  64s:  152 

186+  64=260 
69+192=261 

180+  64=19-1 

69+192=261 


5-87 

1006 
8-44 

7-48 

5-68 


Obserred  Spedfto 


5-75  SATSten, 

Dumas ;  605  Hi 
10-69  Herap.;  8- 
8*46  Bergman, 

8*49  Beraelius.     : 
7*14Herapath;7-M 

Ion;  8*26  KarsI 
5*27Herapath; 

zelius;  7*14  Ki 


Dr.  Kopp  has  endeavoured  to  determine  the  atomic  volume  of  the  con^ 
of  many  other  classes  of  compounds.  The  specific  gravity  of  the  compound! 
phur  and  arsenic  with  the  metals,  of  water  with  oxides  and  salts,  of  chloaj 
the  non-metallic  elements,  are  explained  in  a  similar  manner  on  a  small  iiiii|i 
suppositions.  He  also  shows  with  considcrahle  success  that  in  those  isoni 
suDstances,  of  which  the  crystalline  form  is  only  similar,  and  not  absolateh 
cal,  as  the  carbonates  (p.  140),  the  observed  difference  between  the  atomic  1 
corresponds  with  the  difference  between  the  crystalline  forms.  The  variatkn 
atomic  volume  is  thus  manifested  by  a  variation  in  the  crystalline  foraA 

[&«  Supplement,  p.  685.] 


CHAPTER  IV- 


CHEMICAL  AFFINITY. 

In  the  preceding  section,  compound  bodies  have  been  viewed  as  alreadj 
and  existing  in  a  state  of  rest     The  arrangement,  weights,  and  other  proi 
their  atoms,  have  also  been  examined  with  the  relations  and  classification  oi 
pounds  themselves.     But  chemistry  is  more  than  a  des<ft:iptive  science ;  i 
Draces,  in  addition  to  views  of  composition,  the  consideration  of  the  action 
upon  each  other,  which  leads  to  the  formation  and  destruction  of  compouni 
tain  bodies,  when  placed  in  contact,  exhibit  a  proneness  to  combine  with  ea 
or  to  undergo  decomposition,  while  others  may  be  mixed  most  intimately 
change.     The  actual  phenomena  of  combination  suggest  the  idea  of  pecuU: 
ments  and  aversions  subsisting  between  different  bodies,  and  it  was  in  this 
sense  that  the  term  affinity  was  first  applied  by  Boerhaave  to  a  property  o 
A  specific  attraction  between  different  kinds  of  matter  must  be  admittt 
cause  of  combination,  and  this  attraction  may  be  conveniently  distinguisb 
mical  affinity. 

The  particles  of  a  body  in  the  solid  or  liquid  state  exhibit  an  attractioi 
other,  which  is  the  force  of  cohesion,  and  even  different  kinds  of  matter  1 
an  attraction  for  each  other,  which  is  probably  of  the  same  nature,  althon 
guished  as  adhesion.  This  force  retains  bodies  in  contact  which  are  once 
sufficient  proximity  to  each  other.  It  is  exhibited  in  the  adhesion  of  ti 
pieces  of  lead  pressed  together,  or  perfectly  flat  pieces  of  plate-glaas,  wl 
times  cannot  again  bo  separated.  The  action  of  glue,  wax,  mortar,  ; 
cements,  in  attaching  bodies  together,  depends  entirely  upon  the  same  J 
detaching  glue  from  the  surface  of  glass,  the  latter  is  sometimes  injured 
tions  of  it  are  torn  off  by  the  glue,  the  adhesive  attraction  of  the  two  Ixx 


CHEMICAL  AFFINITT.  177 

greater  than  the  cohesion  of  the  glass.  The  property  of  water  to  adhere  to  solid 
surfaces  and  wet  them,  its  imbibition  by  a  sponge,  the  ascent  of  liquids  in  narrow 
tubes,  and  other  phenomena  of  capillary  attraction,  and  the  rapid  diffusion  of  a  drop 
of  oil  over  the  surface  of  water,  are  illustrations  of  the  same  attraction  between  a 
liquid  and  a  solid,  and  between  different  liquids.  But  this  kind  of  attraction  is  de- 
ficient in  a  character  which  is  never  absent  in  true  chemical  affinity  —  il  effects  no 
change  in  the  properties  of  bodies.  It  may  bind  different  kinds  of  matter  together, 
but  it  does  not  alter  their  nature. 

The  tendency  of  different  gases  to  diffuse  through  each  other  till  a  uniform  mix- 
ture is  formed,  is  another  property  of  matter,  —  the  effect  of  a  force  wholly  indepen- 
dent of  chemical  affinity.  It  is  certain  that  this  physical  property  is  not  lost  in 
liquid.s,  and  that  it  contributes  to  that  equable  diffusion  of  a  salt  through  a  menstru- 
um, which  occurs  spontaneously,  and  without  agitation  to  promote  it.  (Jerichau, 
in  Poggendorff's  Annalen,  xxxiv.  613;  or  Dove  and  Moser*8  Repertorium  der  Phy- 
rik,  i.  96,  1837.) 

Solution.  —  The  attraction  between  salt  and  water,  which  occasions  the  solution 
of  the  former,  differs  in  several  circumstances  from  the  affinity  which  leads  to  the 
production  of  definite  chemical  compounds.  In  solution,  combination  takes  place  in 
indefinite  proportions,  a  certain  quantity  of  common  salt  dissolving  in^  or  combining 
•with  any  quantity  of  water  however  large ;  while  a  certain  quantity  of  water,  such 
as  100  parts,  can  dissolve  any  quantity  of  that  salt  less  than  37  parts,  the  proportion 
which  saturates  it.  Water  has  a  constant  solvent  power  for  every  other  soluble  salt; 
but  the  maximum  proportion  of  salt  dissolved,  or  the  saturating  quantity,  has  no 
relation  to  the  atomic  weight  of  the  salt,  and  indeed  varies  exceedingly  with  the 
temperature  of  the  solvent.  The  limit  to  the  solubility  of  a  salt  seems  to  be  imme- 
diately occasioned  by  its  cohesion.  Water,  in  proportion  as  it  takes  up  salt,  has  its 
power  to  disintegrate  and  dissolve  more  of  the  soluble  body  gradually  diminished ; 
it  dissolves  the  last  portions  slowly  and  with  difficulty,  and  at  last,  when  saturated, 
is  incapable  of  overcoming  the  cohesion  of  more  salt  that  may  be  added  to  it.  The 
solubility  in  water  of  another  body  in  the  liquid  state  is  not  restrained  by  cohesion, 
and  is  in  general  unlimited.  Thus  alcohol,  and  also  soluble  salts  above  the  tempe- 
rature at  which  they  liquefy  in  their  water  of  crystallization,  dissolve  in  water  in 
any  proportion.  Generally  speaking,  also,  those  salts  dissolve  in  largest  quantity 
which  are  most  fusible,  or  of  which  the  cohesion  is  most  easily  overcome  by  heat,  as 
the  hydrated  salts ;  and  among  anhydrous  salts,  the  nitrates,  chlorates,  chlorides,  and 
iodides,  which  are  all  remarkable  for  their  fusibility.  In  this  species  of  combination, 
bodies  are  not  materially  altered  in  properties;  indeed,  are  little  affected  except 
in  their  cohesion. 

The  union  also  between  a  body  and  its  solvent  differs  in  a  marked  manner  from 
proper  chemical  combination  in  the  relation  of  the  bodies  to  each  other  which  exhibit 
it  Bodies  combine  chemically  with  so  much  the  more  force  as  their  properties  are 
more  opposed,  but  they  dissolve  the  more  readily  in  each  other,  the  more  similar 
their  properties.  Thus,  metals  combine  with  non-metallic  bodies,  acids  with  alka- 
lies ;  but  to  dissolve  a  metal,  another  metal  must  be  used,  such  as  mercury ;  oxi- 
dated bodies  dissolve  in  oxidated  solvents,  as  tlie  salts  and  acids  in  water;  while 
liquids  which  contain  much  hydrogen  are  the  best  solvents  of  hydrogenated  bodies 
— an  oil,  for  instance,  of  a  fat  or  a  resin ;  alcohol  and  ether  dissolving  the  essential 
oils  and  most  organic  principles,  but  few  salts  of  oxygen  acids.  The  force  which 
produces  solution  differs,  therefore,  essentially  from  chemical  affinity  in  being  exerted 
between  analogous  particles,  in  preference  to  particles  which  aie  very  unlike ;  and 
X€«emble8  more,  in  this  respect,  the  attraction  of  cohesion. 

A  more  accurate  idea  of  the  varying  solubility  of  a  salt  at  different  temperatures 
may  be  conveyed  by  a  curve  constructed  to  represent  it,  than  by  any  other  means 
The  perpendicular  lines  in  the  following  diagram,  indicate  the  degrees  of  tempera- 
ture which  are  marked  below  them,  and  the  horizontal  lines,  quantities  of  salt  dis- 
sdTed  by  100  parts  by  weight  of  water.  The  proportion  of  any  salt  dissolved  at  a 
12 
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particular  tenipcratnre  msj  be  leanicd  by  atrrying  the  eye  along  tlie  pcfpt 
Udb  expresaiDK  that  temperature,  till  it  cuts  the  curve  of  the  salt,  and  thok 
tally  to  the  column  of  partB  dissolved.'  ji 


SOLUBILITY  Of   BALIS  IN  ONE  HUNDRED  PAETB  OP  WATER.  " 


It  will  be  observed  that  the  perpendicular  lines  advance  by  9°,  the  ft 
82°,  and  the  last  230°.  The  solubility  of  nitrate  of  potjissa  increases  from 
in  100  water  at  32°,  to  80  ports  at  118°,  or  very  rapidly  with  the  ten) 
Sulphate  of  soda  is  seen  by  the  form  of  its  curve  to  increase  in  solubili^ 
parts  at  82°  to  52  parts  at  92°,  but  then  to  diminish  in  solubility  with  fti 
vation  of  temperature.  In  this  salt,  sulphate  of  magnesia  and  chloride  cl 
the  solubility  is  expressed  in  parts  of  the  anhydrous,  and  not  the  hydn 
The  lines  of  chloride  of  barium  and  chloride  of  pot^issium  are  parallel,  il 
remarkable  relation  between  the  solubilities  of  these  two  salts,  which  does  n 
in  any  others.  The  line  of  chloride  of  sodium  is  obscrrcd  to  cut  all  th» 
temperature  at  the  same  height,  100  parts  of  water  dissolving  37  parts  of 
at  all  temperatures. 

Chemical  affinity  acta  only  at  insensible  distances,  and  has  no  effect  io 
bodies  to  approach  each  other  which  are  not  in  contact,  differing  in  thia  rea| 
the  attraction  of  gravitation,  which  acta  at  all  distances,  however  ^reat,  . 
with  a  diminishing  force.  Hence,  the  closest  approximation  of  unlike  pa 
necessary  to  dcvclope  their  affinities,  and  produce  combination.  Sulphur  H 
in  moss  have  no  effect  upon  each  other,  but  if  both  be  in  a  state  of  great 
and  nibbed  together  in  a  mortar,  a  powerful  affinity  is  brought  into  play,  t) 
IhemHclTcs  disappear,  and  sulphuret  of  copper  is  produced  by  their  union^ 
evolution  of  much  heat.  The  affinity  of  bodies  is,  therefore,  promoted  I 
thing  which  tends  to  their  close  approximation ;  in  solids,  by  their  pulveria 
intermixture,  this  attraction  residing  in  the  ultimate  particles  of  bodies;  : 
by  their  spontaneous  diffusion  through  each  other,  which  occa^ons  a  more 
intermixture  than  is  attainable  by  mechanical  means;  and  betwcea  li 
between  a  licjuid  and  solid,  by  the  adhesive  attraction  which  liquids  posMi 
must  lead  to  perfect  contact,  and  also  by  a  disposition  of  liquid  bodies  to  i 
of  the  same  physical  character  as  gaseous  diffusion.     Elevation  of  tempen 

I  An  eitcngiTS  ■□<!  rtry  «ar«fnl  series  of  eiperimeiits  on  Ihs  lotiibilitj  of  sail 
at  different  temperatures  has  been  maiJe  by  il,  Poggiale,  Ana.  it  Cbim.  et  dl  Fkj 
T.  via.  p.  4G8 1  and  the  Iiafp<>rt  Amua  ot  BctmUiu,  Paris,  1846,  p.  18. 
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certainly  often  a  spcciBc  action  in  increasing  the  affinity  of  two  bodies,  but  it  also  often 
acts  by  pnxlucing  a  perfect  contact  between  them,  from  the  fusion  or  vaporiEation  of 
one  or  both  bodies.  Hence,  no  practice  is  more  general  to  promote  the  combination 
of  b<xlies  than  to  heat  them  together. 

If  the  affinity  between  two  gases  is  sufficiently  great  to  begin  combination,  the 
proctss  is  never  interrupted,  but  is  continued  from  the  diffusion  of  the  gases  through 
each  other  till  complete,  or  at  least  till  one  of  the  gases  is  entirely  consumed.  Thus, 
when  hydrochloric  acid  and  ammoniacal  gases,  in  equal  measures,  are  introduced  into 
a  jar  containing  at  the  same  time  a  large  quantity  of  air,  the  formation  of  hydrochlo- 
rate  of  ammonia  proceeds,  the  gases  appearing  to  search  out  each  other,  till  no  por- 
tion of  uncombined  gas  remains.  The  combination  of  two  liquids,  or  of  a  liquid  and 
a  solid,  is  also  facilitated  in  the  same  manner  by  the  mobility  of  the  fluid,  and  pro- 
ceeds without  interruption,  unless,  perhaps,  the  product  of  the  combination  be  solid, 
and  by  its  formation  interpose  an  obstacle  to  the  contact  of  the  combining  bodies. 
But  the  affinities  of  two  solids  which  are  not  volatile  are  rarely  developed  at  all, 
owing  to  the  imperfection  of  contact.  Even  tho  action  of  very  powerful  affinities 
between  a  solid  and  a  liquid  or  a  gas,  is  often  arrested  in  the  outset  from  the  phy- 
sical condition  of  tho  former.  Thus,  the  affinity  between  oxygen  and  lead  is  cer- 
tainly considerable,  for  the  metal  is  rapidly  converted  into  a  white  oxide  when 
ground  to  powder  and  agitated  with  water  in  its  usual  aerated  condition ;  and  in  the 
state  of  extreme  division  in  which  lead  is  obtained  by  calcining  its  tartrate  in  a  glass 
tube,  the  metal  is  a  pyrophorus,  and  combines  with  oxygen  when  oold  with  so  much 
avidity  as  to  take  fire  and  bum  the  moment  it  is  exposed  to  the  air.  Iron  also,  in 
the  spongy  and  divided  state  in  which  it  is  procured,  by  reducing  the  peroxide  by 
means  of  hydrogen  gas  at  a  low  red  heat,  absorbs  oxygen  with  equal  avidity  at  the 
temperature  of  the  air,  and  takes  fire  and  burns.  But  notwithstanding  an  affinity 
for  oxygen  of  such  intensity,  these  metals  in  mass  oxidate  very  slowly  in  air,  parti- 
cularly lead,  which  is  quickly  tarnished  indeed,  but  the  thin  coating  of  oxide  formed 
does  not  penetrate  to  a  sensible  depth  in  the  course  of  several  years.  The  suspen- 
sion of  the  oxidation  may  be  partly  due  to  the  comparatively  small  surface  which  a 
compact  body  exposes  to  air,  and  which  becomes  covered  by  a  coat  of  oxide,  and 
protected  from  farther  change ;  but  partly  also  to  the  effect  of  the  conducting  power 
of  a  considerable  mass  of  metal  in  preventing  the  elevation  of  temperature  consequent 
npon  the  oxidation  of  its  surface.  For  metals  oxidate  with  increased  facility  at  a 
high  temperature,  such  as  the  lead  pyrophorus  quickly  attains  from  the  oxidation  of 
the  great  surface  which  it  exposes,  compared  with  its  weight  The  heat  from  the 
oxidation  of  the  superficial  particles  of  the  computet  metal,  however,  is  not  accumu- 
lated, but  carried  off  and  dissipated  by  the  conducting  power  of  the  contiguous  par- 
ticles, so  that  elevation  of  temperature  is  effectually  repressed.  It  thus  appears  that 
the  state  of  aggregation  of  a  solid  may  oppose  an  insuperable  bar  to  the  action  of  a 
Tery  powerful  affinity. 

The  affinity  of  two  bodies,  one  or  both  of  which  are  in  the  state  of  gi«,  is  often 
promoted  in  an  extraordinary  manner  by  the  contact  of  certain  solid  bodies.  Thus, 
oxygen  and  hydrogen  gases  may  be  mixed  and  retained  for  anv  length  of  time  in 
that  state  without  exhibiting  any  affinity  for  each  other,  and  the  gaseous  mixture 
may,  indeed,  be  heated  in  a  glass  vessel  to  any  temperature  short  of  redness  without 
showing  any  disposition  to  combine.  But  if  a  clean  plate  of  platinum  be  introduced 
into  the  cold  mixture,  the  gases  in  contact  with  the  metallic  surface  instantly  unite 
and  form  water ;  other  portions  of  the  mixture  come  then  in  contact  with  tho  plati- 
num, and  combine  successively  under  its  influence,  so  that  a  large  quantity  of  the 
gaseous  mixture  may  be  quickly  united.  The  temperature  of  the  platinum  also 
rises,  from  tho  heat  evolved  by  the  combination  occurring  at  its  surface,  and  the 
influence  of  the  metal  increasing  with  its  temperature,  combination  proceeds  at  an 
accelerated  rate,  till  the  platinum  becoming  red  hot,  may  cause  the  combination  to 
extend  to  a  distance  from  it,  by  kindling  the  gaseous  mixture.  Platinum  acts  in 
this  manner  with  greatest  energy  when  in  a  highly  divided  state,  as  in  the  form  of 
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spongy  platinum^  owing  to  tbe  greater  surface  exposed,  and  the  rapidity  with  w] 
it  is  heated.     The  metal  itself  contributes  no  element  to  the  water  formed,  and  i 
no  respect  altered.     It  is  an  action  of  the  metallic  surface,  which  must  be  perfi 
clean,  and  is  retarded  or  altogether  prevented  by  the  presence  of  oily  vapours 
many  other  combustible  gases,  which  soil  the  metallic  surface.     Mr.  Faraday  in 
posed  to  refer  the  action  to  an  adhesive  attraction  of  the  gases  for  the  metal,  u! 
the  influence  of  which  they  are  condensed  and  their  particles  approximated  vri 
the  sphere  of  their  mutual  attraction,  so  as  to  combine.     This  opinion  is  favo 
by  the  circumstance  that  the  property  is  not  peculiar  to  platinum,  but  appears 
in  other  metals,  in  charcoal,  pounded  glass,  and  all  other  solid  bodies ;  althougl 
of  them,  except  the  metals,  act  only  when  their  temperature  is  above  the  bo 
point  of  mercury.     But,  on  the  other  hand,  at  low  temperatures,  the  pro| 
appears  to  be  confined  to  a  few  metals  only  which  resemble  platinum  in  their 
mical  characters ',  namely,  in  having  little  or  no  disposition  to  combine  with  ox 
gas,  and  in  not  undergoing  oxidation  in  the  air.     The  action  of  platinum  may,  t 
tore,  be  connected  with  its  chemical  properties,  although  in  a  way  which  is  < 
imknown  to  us.     The  same  metal  disposes  carbonic  oxide  gas  to  combine  with 
gen,  but  much  more  slowly  than  hydrogen ;  and  it  is  remarkable  that  if  the 
minute  quantity  of  carbonic  oxide  be  mixed  with  hydrogen,  the  oxidation  o1 
latter  under  the  influence  of  the  platinum  is  arrested,  and  not  resumed  till  aftc 
carbonic  oxide  has  been  slowly  oxidated  and  consumed,  which  thus  takes  the  | 
dence  of  the  hydrogen  in  combining  with  oxygen.     This  extraordinary  interfe 
of  a  minute  quantity  of  carbonic  oxide  gas,  which  cannot  from  its  nature  be  sup; 
to  soil  the  surface  of  the  platinum  like  a  liquefiable  vapour,  seems  to  point  to  a 
mical,  perhaps  to  an  electrical  explanation  of  the  action  of  the  platinum,  rather 
to  the  adhesive  attraction  of  the  metal.     The  oxidation  of  alcohol  at  the  tempci 
of  the  air,  and  also  at  a  low  red  heat,  is  promoted  in  the  same  manner  by  c( 
with  platinum. 

Order  of  affinity,  —  The  affinity  between  bodies  appears  to  be  of  differei 
grees  of  intensity.     Lead,  for  instance,  has  certainly  a  greater  aflSnity  than  silv 
oxygen,  the  oxide  of  the  latter  being  easily  decomposed  when  heated  to  rec 
while  the  oxide  of  the  former  may  be  exposed  to  the  most  intense  heat  without  1 
a  particle  of  oxygen.     Again,  it  niay  be  inferred  that  potassium  has  a  still  g 
affinity  for  oxygen  than  lead  possesses,  as  we  find  the  oxide  of  lead  easily  re 
to  the  metallic  state  when  heated  in  contact  with  charcoal,  while  potassa  is  d 
posed  in  the  same  manner  with  great  difficulty.     But  the  order  of  affinity  is 
more  strikingly  exhibited  in  the  decomposition  of  a  compound  by  another 
Thus,  sulphuretted  hydrogen  gas  is  decomposed  by  iodine,  which  combines  wii 
hydrogen,  forming  hydriodic  acid,  and  liberates  sulphur.     The  affinity  of  iodi 
hydrogen  is,  therefore,  greater  than  that  of  sulphur  for  the  same  body.     But '. 
odic  acid  is  deprived  of  its  hydrogen  by  bromine,  and  hydrobromic  acid  is  fa 
and  this  last  is  decomposed  in  its  turn  by  chlorine,  and  hydrochloric  acid  pnx 
It  thus  appears  that  the  order  of  the  affinity  of  the  elements  mentioned /or  kyd 
is,  chlorine,  bromine,  iodine,  sulphur.     The  order  of  decompositions,  in  the  p 
tation  of  metals  by  each  other  from  their  saline  solutions,  also  indicates  the  < 
of  affinity.     Thus,  from  the  decomposition  of  the  nitrates  of  the  following  n 
the  order  of  their  affinity  for  nitric  acid  and  oxygen  may  be  inferred  to  be 
lows:  —  zinc,  lead,  copper,  mercury,  silver;   zinc  throwing  down  lead  fro: 
nitrate  of  lead,  and  all  the  other  metals  which  follow  it;  lead  throwing  dow 
per ;  copper,  mercury ;  and  mercury,  silver ;  while  nitrate  of  zinc  itself  is  not  a 
by  any  other  metal,  and  nitrate  of  silver  is  decomposed  by  all  the  metals  enumi 
Bodies  wore  first  thus  arranged  according  to  the  degree  of  their  affinity  for  a 
cular  substance,  inferred  from  the  order  of  their  decompositions,  by  Geoffr< 
Bergman,    and    tables  of   affinity   constructed,    of   which    the   following 
example :  — 
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Order  of  AffinUy  of  the  Alkaldes  and  Earthe  for  Sulphuric  Aeid, 

Baryta. 

Strontia. 

Potassa. 

Soda. 

Lime. 

Ammonia. 

Magnesia. ' 

Baryta  is  capable  of  taking  sulphuric  acid  from  strontia,  potassa,  and  every  other 
base  which  follows  it  in  the  table,  —  the  experiment  being  made  upon  sulphates  of 
these  bases  dissolved  in  water;  while  sulphate  of  baryta  is  not  decomposed  by  any 
other  base.  Lime  separates  ammonia  and  magnesia  from  sulphuric  acid,  but  has  no 
effect  upon  the  sulphates  of  soda,  potassa,  strontia,  and  baryta;  and  in  the  same 
manner  any  other  base  decomposes  the  sulphates  of  the  bases  below  it  in  the  column, 
but  has  no  effect  upon  those  above  it.  Tables  of  this  kind,  when  accunitely  con- 
structed, may  convey  much  valuable  information  of  a  practical  kind,  but  it  is  never 
to  be  forgotten  that  they  are  strictly  tables  of  the  order  of  decomposition  and  of  the 
comparative  force  or  order  of  affinity  in  one  set  of  conditions  only.  This  will  appear 
bj  examining  how  far  decomposition  is  affected  by  accessory  circumstances  in  a  few 
cases. 

Circumstances  which  offecl  the  order  of  dccomposilion.  —  Volatility  .in  a  body 
promotes  its  separation  from  others  which  are  more  fixed,  and  consequently  facilitates 
the  decomposition  of  compounds  into  which  the  volatile  body  enters.  Hence,  by 
the  agency  of  heat,  water  is  separated  from  hydrated  salts;  ammonia,  from  its  com- 
binations with  a  fixed  acid,  such  as  the  phosphoric ;  and  a  volatile  acid  from  many 
of  its  salts :  as  sulphuric  acid  from  the  sulphate  of  iron,  carbonic  acid  from  the  car- 
bonate of  lime,  &c.  Ammonia  decomposes  hydrochlorate  of  morphia  at  a  low  tem- 
perature, but,  on  the  other  hand,  morphia  decomposes  the  hydrochlorate  of  ammonia 
at  the  boiling  point  of  water,  and  liberates  ammonia,  owing  to  the  volatility  of  that 
body.  The  fixed  acids,  such  as  the  silicic  and  phosphoric,  disengage  in  the  same 
way  at  a  high  temperature  those  acids  which  arc  generally  reputed  most  powerful, 
and  by  which  silicates  and  phosphates  are  decomposed  with  facility  at  a  low  tempe- 
rature. Many  such  cases  might  be  adduced  in  which  the  order  of  decomposition  is 
reversed  by  a  change  of  temperature.  The  volatility  of  one  of  its  constituents  most, 
therefore,  be  considered  an  clement  of  instability  in  a  compound. 

Decomposition  from  unequal  volatility  is,  of  course,  checked  by  pressure,  and 
promoted  by  its  removal  and  by  every  thing  which  favours  the  escape  of  vapour; 
such  as  the  presence  of  an  atmosphere  of  a  different  sort  into  which  the  volatile 
constituent  may  evaporate.  Carbonate  of  lime  is  decomposed  easily  at  a  red  heat, 
provided  a  current  of  air  or  of  steam  is  passing  over  it  which  may  carry  off  the 
carbonic  acid  gas,  but  the  decomposition  ceases  when  the  carbonate  is  surrounded 
bj  an  atmosphere  of  its  own  gas ;  and  the  carbonate  may  even  be  heated  to  fusion, 
in  the  lower  part  of  a  crucible,  without  decomposition.  Here  the  occurrence  of 
decomposition  depends  entirely  upon  the  existence  of  a  foreign  atmosphere  into 
which  carbonic  acid  can  diffuse.  Nitrates  of  alumina,  and  peroxide  of  iron  in  solu- 
tion, are  decomposed  by  the  spontaneous  evaporation  of  their  acid,  even  at  the 
temperature  of  the  air;  and  so  is  an  alkaline  bicarbonate  when  in  solution,  but  not 
when  dry.  A  change  in  the  composition  of  the  gaseous  atmosphere  may  affect  the 
order  of  decomposition,  as  in  the  following  cases :  — 

When  steam  is  passed  over  iron  at  a  red  heat,  a  portion  of  it  is  decomposed,  oxide 
of  iron  being  formed  and  hydrogen  gas  evolved.  From  this  experiment  it  might  be 
inferred  that  the  affinity  of  iron  for  oxygen  is  greater  than  that  of  hydrogen.  But 
let  a  stream  of  hydrogen  gas  be  conducted  over  oxide  of  iron  at  the  very  same  tem- 
peratnre,  and  water  is  formed,  while  the  oxide  of  iron  is  reduced  to  the  metallic 
state.  Here  the  hydrogen  appears  to  have  the  greater  affinity  for  oxygen.  But  the 
result  is  obviously  connected  with  the  relative  proportion  between  the  hydrogen  and 


! 
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steam  which  are  at  once  in  contact  with  the  metal  and  its  oxide  at  a  red  h 
When  steam  is  in  excess^  water  is  decomposed,  but  when  hydrogen  is  in  eH 
oxide  of  iron  is  decomposed;  and  why?  because  the  excess  of  steam  in  the  ! 
case  is  an  atmosphere  into  which  hydrogen  can  diffuse^  and  the  disengagcmett 
that  gas  is  therefore  favoured ;  but  in  the  second  case  the  atmosphere  is  princip 
hydrogen,  and  represses  the  evolution  of  more  hydrogen,  but  facilitates  thai 
steam.  i?he  affinity  of  iron  and  hydrogen  for  oxygen  at  the  temperature  of 
experiment  is  so  nearly  balanced,  that  the  one  affinity  prevails  over  the  other,  aoo 
ing  as  there  is  a  proper  atmosphere  into  which  the  gaseous  product  of  its  action  ] 
diffuse.  This  affi>r(&  an  intelligible  instance  of  the  influence  of  mass  or  qoantitj 
material,  in  promoting  a  chemical  change ;  the  steam  or  the  hydrogen,  as  it  praj 
derates,  exerting  a  specific  influence,  in  the  capacity  of  a  gaseous  atmosphere. 

The  remarksible  decomposition  of  alcohol  by  sulphuric  acid,  which  affords  e( 
is  another  similar  illustration  of  decomposition  depending  upon  volatility,  and  affi 
by  changes  in  the  nature  of  the  atmosphere  into  which  evaporation  takes  p^ 
Alcohol  or  the  hydrate  of  ether  is  added  in  a  gradual  manner  to  sulphurio 
somewhat  diluted,  and  heated  to  280°.     In  these  circumstances,  the  double  sulf 
of  ether  and  water  is  formed ;  water,  which  was  previously  combined  as  a  bai 
the  acid,  being  displaced  by  other,  and  set  free  together  with  the  water  of 
alcohol.     The  first  effect  of  the  reaction,  therefore,  is  the  disengagement  of  wi 
vapour,  and  the  creation  of  an  atmosphere  of  that  substance  which  tends  to  c 
its  farther  evolution.     But  the  existence  of  such  an  atmosphere  offers  a  facilit 
the  evaporation  of  ether,  which  accordingly  escapes  from  combination  with  the 
and  continues  to  be  replaced  by  the  water,  the  affinity  of  sulphuric  acid  for  ^ 
and  for  ether  beine  nearly  equal,  till  ether  forms  such  a  proportion  of  the  gai 
atmosphere  as  to  check  its  own  evolution,  and  to  favour  the  evolution  of  w 
vapour.     Then  the  sulphate  of  ether  comes  in  its  turn  to  be  decomposed  as  Im 
and  ether  evolved.     Hence,  both  ether  and  water  distil  over  in  this  procesf 
evolution  of  one  of  these  bodies  favouring  the  separation  and  disengagement  o 
other.     In  this  description,  the  evolution  of  water  and  ether  are  for  the  sai 
perspicuity  supposed  to  alternate,  but  it  is  evident  that  the  result  of  such  an  a 
will  be  the  simultaneous  evolution  of  the  two  vapours  in  a  certain  constant  rcl 
to  each  other. 

Influence  of  imoluhility,  —  The  great  proportion  of  chemical  reactions  whi< 
witness  are  exhibited  by  bodies  dissolved  in  water  or  some  other  menstruum 
arc  affected  to  a  great  extent  by  the  relations  of  themselves  and  their  produ< 
their  solvent.  Thus  carbonate  of  potassa  dissolved  in  water  is  decomposed  by 
acid,  and  carbonic  acid  evolved,  the  affinity  of  the  acetic  acid  prevailing  ovei 
of  the  carbonic  acid  for  potassa.  But  if  a  stream  of  carbonic  acid  gas  be  sent  th; 
acetate  of  potassa  dissolved  in  alcohol,  acetic  acid  is  displaced,  or  the  carbonic 
prevails,  apparently  from  the  insolubility  of  the  carbonate  of  potassa  in  al< 
The  insolubility  of  a  body  appears  to  depend  upon  the  cohesive  attraction 
particles,  and  such  decompositions  may  therefore  be  ascribed  to  the  prevalei 
that  force. 

Formation  of  compounds  by  substitution,  —  It  is  remarkable  that  compoun* 
in  general  more  easily  formed  by  substitution,  than  by  the  direct  union  of  thei 
stitiicnts ;  indeed,  many  compounds  can  be  formed  only  in  that  manner.  Cai 
acid  is  not  absorbed  by  anhydrous  lime,  but  readily  by  the  hydrate  of  lim 
water  of  which  is  displaced  in  the  formation  of  the  carbonate.  In  the  same  m: 
ether,  although  a  strong  base,  docs  not  combine  directly  with  acids,  but  the  si 
ether  are  derived  from  its  hydrate  or  alcohol,  by  the  substitution  of  an  acid  f 
water  of  the  alcohol.  In  all  the  cases,  likewise,  in  which  hydrogen  is  evolved  c 
the  solution  of  a  metal  in  a  hydratcd  acid,  a  simple  substitution  of  the  met 
hydrogen  occurs. 

Combination  takes  place  with  the  greatest  facility  of  all  when  double  decoi 
*ion  can  occur.     Thus  carbonate  of  lime  is  instantly  formed  and  precipitatcd| 
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carbonate  of  soda  is  added  to  nitrate  of  lime/ nitrate  of  soda  being  formed  at  the 
same  time  and  remaining  in  solution. 

Before  Decomposition.  After  Decompofiition. 

Carbonate  of  soda  {  Sonic'a;id:: ^  ^'"^^^  ''  ^ 


Nitrate  of  lime...  j?^/*"^^^^--  -^^   p   u      ,     r  r 

(Lime 1^  Carbonate  of  lime. 

Here  a  double  substitution  occurs,  lime  being  substituted  for  soda  in  the  carbonate, 
and  soda  for  lime  in  the  nitrate.  Such  reactions  may  therefore  be  truly  described 
as  double  substitutions  as  well  as  double  decompositions.  They  are  most  commonly 
observed  on  mixing  two  binary  compounds  or  two  salts.  But  reactions  of  the  same 
nature  may  occur  between  compounds  of  a  higher  order,  such  as  double  salts,  and 
new  compounds  be  thus  produced,  which  cannot  be  formed  by  the  direct  union  of 
their  constituents.  Thus  the  two  salt^,  sulphate  of  zinc  and  sulphate  of  soda,  when 
simply  dissolved  together,  at  the  ordinary  temperature,  always  crystallize  apart,  and 
do  not  combine.  But  the  double  sulphate  of  zinc  and  soda  is  formed  on  mixing 
strong  solutions  of  sulphate  of  zinc  and  bisulphate  of  soda,  and  separates  by  crystal- 
lization ;  the  sulphate  of  water  with  constitutional  water  (hydrated  acid  of  sp.  gr. 
1*78)  being  produced  at  the  same  time,  and  remaining  in  solution.  The  reaction 
which  occurs  may  be  thus  expressed  : 

Before  Decomposition.  After  Decomposition. 

HO,  SOs+CNaO,  SO3)  1      _      (HO,  SO3+HO 
ZnO,  S03+(H0)  j      ""      ( ZhO,  SOj+NaO,  SO, 

in  which  the  constituents  of  both  salts  before  decomposition  inclosed  in  brackets,  are 
found  to  have  exchanged  places  after  decomposition,  without  any  other  change  in 
the  onginal  salts.'  The  double  sulphate  of  lime  and  soda  can  be  formed  artificially 
only  in  circumstances  which  are  somewhat  similar.  It  is  produced  on  adding  sul- 
phate of  soda  to  acetate  of  lime,  the  sulphate  of  lime,  as  it  then  precipitates,  carrying 
down  sulphate  of  soda  in  the  place  of  constitutional  water  (Liebig). 

Different  hydrates  of  the  same  body,  such  as  peroxide  of  tin,  differ  sensibly  in 
properties,  and  afford  different  compounds  with  acids,  unquestionably  because  these 
compounds  are  formed  by  substitution.  The  constant  formation  of  phosphates  con- 
taining one,  two,  or  three  atoms  of  base,  on  neutralising  the  corresponding  hydrates 
of  phosphoric  acid  with  a  fixed  base,  likewise  illustrates  in  a  striking  manner  the 
derivation  of  compounds,  on  this  principle.  Many  insoluble  substances,  such  as  the 
earth  silica,  possess  a  larger  proportion  of  water,  when  newly  precipitated,  than  they 
retain  afterwards,  and  in  that  high  state  of  hydration  they  may  exhibit  affioities  for 
certain  bodies  which  do  not  appear  in  other  circumstances.  Hydrated  silica  dissolves 
in  water  at  the  moment  of  its  separation  from  a  caustic  alkali;  and  alumina  dissolves 
readily  in  ammonia,  when  produced  in  contact  with  that  substance  by  the  oxidation 
of  aluminum.  The  usual  disposition  to  enter  into  combination,  which  silica  and 
alumina  then  exhibit,  is  generally  ascribed  to  their  being  in  the  nascent  state;  a 
body  at  the  moment  of  its  formation  and  liberation,  in  consequence  of  a  decomposi- 
tion, being,  it  is  supposed,  in  a  favourable  condition  to  enter  anew  into  combination. 
But  their  degree  of  hydration  in  the  nascent  state  may  be  the  real  cause  of  their 
superior  aptitude  to  combine. 

Double  decompositions  take  place  without  the  great  evolution  of  heat  which  often 
accompanies  the  direct  combination  of  two  bodies,  and  with  an  apparent  facility  or 
absence  of  effort,  as  if  the  combinations  were  just  balanced  by  the  decompositions 
which  occur  at  the  same  time.  It  is,  perhaps,  from  this  cause  that  the  result  of 
double  decomposition  is  so  much  affected  by  circumstances,  particularly  by  the  insolu- 
bility of  one  of  the  compounds.     For  it  is  a  general  law,  to  which  there  is  no  excep- 

*  On  Water  as  a  Constituent  of  Sulphates,  PhiL  Mag.  8d  series,  vol.  vL  p.  417. 
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tion^  that  two  soluble  salts  cannot  be  mixed  without  the  occurrence  of  Att 
if  one  of  the  products  that  may  be  formed  is  an  insoluble  salt  On  miziv 
of  soda  and  nitrate  of  lime^  the  decomposition  seems  to  be  determined 
the  insolubility  of  the  carbonate  of  lime,  which  precipitates.  When  i 
soda  and  nitrate  of  potassa  are  mixed,  no  visible  change  occurs,  and  it 
whether  the  salts  act  upon  each  other,  but  if  the  mixed  solution  be  08 
decomposition  occurs,  and  sulphate  of  potassa  separates  by  crystallizatio 
its  inferior  solubility. 

It  may  sometimes  bo  proved  that  double  decomposition  occurs  on  mbt 
salts,  although  no  precipitation  supervenes.  Thus,  on  mixing  strong  i 
sulphate  of  copper  and  chloride  of  sodium,  the  colour  of  the  solution  oh 
blue  to  green,  which  indicates  the  formation  of  chloride  of  copper  and  oi 
that  of  sulphate  of  soda  also.  Now  it  is  known  that  hydrochloric  acid  i 
sulphuric  acid  from  the  sulphate  of  copper  at  the  temperature  of  the  I 
whilo  sulphuric  acid  will,  on  the  other  hand,  displace  hydrochlonc  from  ■ 
sodium.  It  hence  appears  that  in  the  preceding  double  decomposition! 
and  bases  unite  which  have  the  strongest  affinity  for  each  other,  and  the 
may  happen  on  mixing  other  salts.  But  where  the  order  of  the  affinitii 
other  of  the  acids  and  bases  is  unknown,  the  occurrence  of  any  change  u; 
salts,  or  the  extent  to  which  the  change  proceeds,  is  entirely  matter  of  oc 

It  was  the  opinion  of  Berth ollct,  founded  principally  upon  the  phenou 
double  decompositions  of  salts,  that  decompositions  are  at  all  times  dopei 
accidental  circumstances,  such  as  the  volatility  or  insolubility  of  the  p 
never  result  from  the  prevalence  of  certain  affinities  over  others ;  and  oi 
that  in  accounting  for  such  changes,  the  consideration  of  affinity  may  be 
He  supposed  that  when  a  portion  of  base  is  presented  at  once  to  two 
divided  equally  between  them,  or  in  the  proportion  of  the  quantities  of  ibn 
and  that  one  acid  can  come  to  possess  the  base  exclusively,  only  when 
volatile  or  an  insoluble  compound  with  that  body,  and  thereby  withdf 
the  solution,  and  from  the  influence  of  the  other  acid.  His  doctrine  i 
easily  explained  by  applying  it  to  a  particular  case,  and  expressiog  it  in  ti 
of  the  atomic  theory.  The  reaction  between  sulphuric  acid  and  nitrati 
is  supposed  to  be  as  follows.  On  mixing  eight  atoms  of  the  acid  wit] 
number  of  atoms  of  the  salt,  the  latter  immediately  undergoes  partial  deo 
its  base  being  equally  shared  between  the  two  acids  which  are  prcsei 
quantities;  and  a  state  of  statical  equilibrium  is  attained  in  which  tb 
contact  are  — 

(a)  Four  atoms  sulphate  of  potassa. 
Four  atoms  nitrate  of  potassa. 
Four  atoms  sulphuric  acid. 
Four  atoms  nitric  acid. 

The  nitrate  of  potassa,  it  is  supposed,  is  decomposed  to  the  extent  stal 
farther,  however  long  the  contact  is  protracted.  But  let  the  whole  of  ihi 
acid  now  be  distilled  off  by  the  application  of  heat  to  the  mixture,  ai 
partition  of  the  potassa  of  the  remaining  nitrate  of  potassa  is  the  conseq 
free  sulphuric  acid  decomposing  the  salt  till  the  proportion  of  the  two  ai 
bined  in  the  mixture  is  again  equal,  when  a  state  of  equilibrium  is  atta 
mixture  then  consists  of — 

(b)  Six  atoms  sulphate  of  potassa. 
Two  atoms  nitrate  of  potassa. 
Two  atoms  sulphuric  acid. 
Two  atoms  nitric  acid. 

On  removing  the  free  nitric  acid  as  before^  a  third  partition  of  the  pol 
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remaining  nitrate  of  potassa  between  the  two  acids  on  the  same  principle  takes 
plaoei  of  which  the  result  is  — 

(c)  Seven  atoms  sulphate  of  potassa. 
One  atom  nitrate  of  potassa. 
One  atom  sulphuric  acid. 

One  atom  nitric  acid. 

The  proportion  of  the  two  acids  free  being  always  the  same.  The  repeated  applica- 
tion of  beat,  by  removing  the  free  nitric  acid,  will  cause  the  sulphuric  to  be  again 
in  excess,  which  will  necessitate  a  new  partition  of  the  potassa  of  the  remaining 
niteate  of  potassa,  till  at  last  the  entire  separation  of  the  nitric  acid  will  be  effected| 
and  the  fixed  product  of  the  decomposition  be — 

(d)  Eight  atoms  sulphate  of  potassa. 

Here  the  affinity  of  the  sulphuric  and  nitric  acids  for  potassa  is  supposed  to  be  equal ; 
and  the  complete  decomposition  of  the  nitrate  of  potassa  by  the  former  acid,  which 
takes  place,  is  ascribed  to  the  volatility  of  the  latter  acid,  which,  by  occasioning  its 
removal  in  proportion  as  it  is  liberated,  causes  the  fixed  sulphuric  acid  to  be  ever  in 
excess. 

Complete  decompositions  in  which  the  precipitation  of  an  insoluble  substance 
occurs,  were  explained  by  Berthollet  in  the  same  manner.  On  adding  a  portion  of 
baryta  to  sulphate  of  soda,  the  baryta  decomposes  the  salt,  and  acquires  sulphuric 
acid,  till  that  acid  is  divided  between  the  two  bases  iu  the  proportion  in  which  they 
are  present,  and  at  this  point  decomposition  would  cease,  were  it  not  that  the  whole 
sulphate  of  baryta  formed  is  removed  by  precipitation.  But  a  new  formation  of  that 
salt  is  the  necessary  consequence  of  that  equable  partition  of  the  acid  between  the 
two  bases  in  contact  with  it,  which  is  the  condition  of  equilibrium ;  and  the  new 
product  precipitating,  more  and  more  of  it  is  formed,  till  the  sulphate  of  soda  is 
entirely  decomposed,  and  its  sulphuric  acid  removed  by  an  equivalent  of  baryta. 

According  to  these  views  of  Berthollet,  no  decomposition  should  be  complete 
unless  the  product  be  volatile  or  insoluble,  as  in  the  cases  instanced.  But  such  a 
conclusion  is  not  consistent  with  observation,  as  it  can  be  shown  that  a  body  may 
be  separated  completely  from  a  compound,  and  supplanted  by  another  body,  although 
none  of  the  products  is  removed  by  the  operation  of  either  of  the  causes  specified, 
but  all  continue  in  solution  and  in  contact  with  each  other.  Thus  the  salt  borax, 
which  is  a  biborate  of  soda,  is  entirely  decomposed  by  the  addition  to  its  solution  of  a 
quantity  of  sulphuric  acid  not  more  than  equivalent  to  its  soda,  although  the  libe- 
rated boracic  acid  remains  in  solution ;  for  the  liquid  imparts  to  blue  litmus  paper 
a  purple  or  wine-red  tint,  which  indicates  free  boracic  acid,  and  not  that  character- 
istic red  tint,  resembling  the  red  of  the  skin  of  the  onion,  which  would  inevitably  bo 
produced  by  the  most  minute  quantity  of  the  stronger  acid,  if  free.  But  if  the 
borax  were  only  decomposed  in  part  in  these  circumstances,  and  its  soda  equally 
divided  between  the  two  acids,  then  free  sulphuric,  as  well  as  boracic  acid,  should 
be  found  in  the  solution.  The  complete  decomposition  of  the  salt  can  be  accounted 
for  in  no  way  but  by  ascribing  it  to  the  higher  affinity  of  sulphuric  acid  for  soda, 
than  that  of  boracic  acid  for  the  same  base. 

According  to  the  same  views,  on  mixing  together  two  neutral  salts  containing  dif- 
ferent acids  and  bases,  and  which  do  not  precipitate  each  other,  each  acid  should 
combine  with  both  bases,  so  as  to  occasion  the  formation  of  four  salts.  Again,  four 
salts,  of  which  the  acids  and  bases  are  all  dissimilar,  should  react  upon  each  other  in 
Boch  a  way  as  to  produce  sixteen  salts,  each  acid  acquiring  a  portion  of  tho  four 
bases ;  and  certain  acids  and  bases,  dissolved  together  in  certain  proportions,  could 
have  but  one  arrangement  in  which  they  would  remain  in  equilibrio.  Hence  tho 
nits  in  a  mineral  water  would  be  ascertained  by  determining  the  acids  and  bases 
present,  and  supposing  all  the  bases  proportionally  divided  among  the  acids.  But 
thifl  conclusion  ia  inconsistent  with  a  &LCt  observed  in  the  preparation  of  factitiouii 
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mineral  waters,  namely,  that  their  tasto  depends  not  only  on  the  nature  of  fthe^'l 
but  also  upon  the  order  in  which  they  are  added.  (Dr.  Struve,  of  Preadeo.)  Qj 
we  can  determine  how  the  acids  and  bases  are  arranged  in  a  mineral  water,  or  i 
salts  it  contains,  it  may  therefore  be  necessary  to  know  the  history  of  its  fonii||| 
Instead  of  supposing  the  bases  equally  distributed  among  the  acids  in  mixed  ■ 
solutions,  it  is  now  more  generally  assumed  that  the  strongest  base  may  be  c^ 
sively  in  possession  of  the  strongest  acid,  and  the  weaker  bases  be  united  wit^ 
weaker  acids ;  a  mode  of  viewing  their  composition  which  agrees  best  with  the  j 
cal  qualities  of  mineral  waters.  It  thus  appears  that  the  doctrines  of  Bertholla 
which  the  resulting  actions  between  bodies  in  contact  are  made  to  depend  : 
their  relative  quantities  or  masses,  and  the  physical  properties  of  the  produqj 
their  combination,  to  the  entire  exclusion  of  the  agency  of  proper  affinities  bet 
the  bodies,  cannot  be  admitted  as  a  true  representation  of  the  actual  phenomei 
combination.     \_Sce  Supplement ^  p.  730.] 

CATALYSIS,   OR  DECOMPOSITION  BY   CONTACT. 

An  interesting  class  of  decompositions  has  of  late  attracted  considerable  attei 
which,  as  they  cxinnot  be  accounted  for  on  the  ordinary  laws  of  chemical  ai 
have  been  referred  by  Berzclius  to  a  new  power,  or  rather  new  form  of  the  fa 
chcjnical  affinity,  which  he  has  distinguished  as  the  Catalytic  forccj  and  the 
of  it«  action  as  Catalysis  (from  xata,  downwards,  and  x«xd,  I  unloosen).     A 
in  which  this  power  resides,  resolves  others  into  new  compounds,  merely  by  o 
with  them,  or  by  an  action  of  presence,  as  it  has  been  termed,  without  gain! 
losing  anything  itself.     Thus  an  acid  converts  a  solution  of  starch  (at  a  coiiu! 
peraturo),  first  into  gum  and  then  into  sugar  of  grapes,  although  no  combi 
takes  place  between  the  elements  of  the  acid  and  those  of  the  starch,  the  acid 
found  free,  and  undiminished  in  quantity,  after  effecting  the  change.     The 
mutations  are  produced  in  a  more  remarkable  manner  by  the  presence  of  a  i 
quantity  of  a  vegetable  principle,  diastase,  allied  in  its  general  properties  to  | 
which  appears  in  the  germination  of  barley  and  other  seeds,  and  converti 
starch  into  sugar  and  gum,  which,  being  soluble,  form  the  sap  that  rises  in 
germ,  and  nourishes  the  plant.     This  eiumiple  of  the  action  of  a  catalytic  pc 
an  organic  secretion  is  probably  not  the  only  one  in  the  animal  and  vegetabh 
doms,  for  it  is  not  unlikely  that  it  is  by  the  action  of  such  a  force  that  very  di 
substances  are  obtained  from  the  same  crude  material  by  different  organs.     ] 
mals,  this  crude  material,  which  is  the  blood,  Hows  in  the  uninterrupted  vessc 
gives  rise  to  all  the  different  secretions ;  such  as  milk,  bile,  urine,  ^'c.^  withe 
presence  of  any  foreign  body  which  could  form  new  combinations.     A  be 
instance  of  an  action  of  catalysis  was  traced  by  Liebig  and  Wohler  in  the  cl 
changes  which  the  bitter  almond  exhibits.     The  application  of  heat  and  n 
the  almond,  by  giving  solubility  to  its  emulsin  or  albuminous  principle,  enabl 
act  upon  an  associated  principle,  amygdalin,  of  a  neutral  character,  which  th 
nishcs  bodies  so  unlike  itself  as  the  volatile  oil  of  almonds,  hydrocyanic  and 
acids.     The  action  of  yeast  in  fermentation  is  a  more  familiar  illustration  of 
lar  power.     The  presence  of  that  substance,  although  insoluble,  is  sufficient  t 
the  resolution  of  su^r  into  carbonic  acid  gas  and  alcohol,  a  decomposition  wh 
be  effected  by  no  other  known  means.    Changes  of  this  kind,  although  most  fi 
in  organic  compounds,  are  not  confined  to  them.    The  binoxide  of  hydrogen  is 
of  which  the  elements  are  held  together  by  a  very  slight  affinity.    It  is  not 
posed  by  acids,  but  alkalies  give  its  elements  a  tendency  to  separate^  slo 
vescence  occurring  with  the  disengagement  of  oxygen,  and  water  being 
Nor  do  soluble  substances  alone  produce  this  effect ;  other  organic  and  in 
bodies,  also — such  as  manganese,  silver,  platinum,  gold,  fibrin,  &c.,  which  9 
feetly  insoluble  —  exert  a  similar  power.     The  decomposition,  in  those  in 
takes  place  by  the  mere  presence  of  the  foreign  body,  and  without  tho  f 
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quantity  of  it  entering  into  the  new  compound ;  for  the  most  minute  researches 
have  failed  in  diseovering  the  slightest  alteration  in  the  foreign  hody  itself.  The 
liquid  pcrsulphide  of  hydrogen,  and  a  solution  of  the  nitrosulphate  of  ammonia  of 
Pelouzey  are  decomposed  in  the  same  way,  and  by  contact  of  nearly  all  the  substances 
which  act  upon  peroxide  of  hydrogen.  One  remarkable  difference,  indeed,  is  obscrva* 
ble,  namely,  that  alkalies  impart  stability  to  nitrosulphate  of  ammonia,  while  acids 
decompose  it,  or  the  reverse  of  what  happens  with  both  the  binoxide  and  bisulphide 
of  hydrogen  (Phil.  Mag.  3d  Series,  vol.  x.  p.  489). 

The  phenomena  referred  to  catalysis  are  of  a  recondite  nature,  and  much  in  need 
of  elucidation.  The  influence  of  platinum,  formerly  noticed,  in  disposing  hydrogen 
and  oxygen  to  tinite,  is  probably  connected  with  the  catalytic  power  of  the  same 
metal,  but  is  at  present  equally  inexplicable.  It  would  be  unphilosophical  to  rest 
satisfied  by  referring  such  phenomena  to  a  force  of  the  existence  of  which  we  have 
no  evidence.  The  doctrine  of  catalysis  must  be  viewed  in  no  other  light  than  as  a 
convenient  fiction,  by  which  we  are  enabled  to  class  together  a  number  of  decompo- 
sitions not  provided  for  in  the  theory  of  chemical  affinity,  as  at  present  understood, 
but  which,  it  is  to  be  expected,  will  receive  their  explanation  from  new  investiga- 
tions. It  is  a  provisional  hypothesis,  like  the  doctrine  of  isomerKiU;  for  which  the 
occasion  will  cease  as  the  science  advances. 

SECTION   n.  —  CHEMICAL  POLARITY. 

Illustrations  from  magnetical  polarity.  —  The  ideas  of  induction  .*iid  polarity, 
which  now  play  so  important  a  part  in  physical  theories,  were  originally  suggested 
by  the  phenomena  of  magnctisu^  which  still  afford  the  best  experimental  illustra- 
tions of  them.  A  bar  magnet  exhibits  attractive  power  which  is  not  possessed  in 
an  equal  degree  by  every  particle  composing  the  bar,  but  is  chiefly  localized  in  two 
points  at  or  near  its  extremities.  The  powers,  too,  residing  at  these  points  are  not 
one  and  the  same,  or  similar,  but  different,  indeed  contrary,  in  their  nature ;  and 
arc  distinguished  by  the  different  names  of  Austral  magnetism  and  Boreal  magnet- 
ism. The  opposition  in  the  mode  of  action  of  these  powers  is  so  perfect,  that  they 
completely  negative  or  neutralize  each  other  when  residing  in  the  same  particle  of 
matter  in  equal  quantity  or  degree,  as  they  are  supposed  reiuly  to  exist  in  iron  before 
it  is  magnetized ;  and  they  only  signalize  their  presence  when  displaced  and  separ 
rated  to  a  distance  from  each  other,  as  they  are  in  a  magnet.  A  body  possessing 
any  such  powers  residing  in  it,  which  are  not  general  but  local,  and  not  the  same 
but  opposite,  is  said  (in  the  most  general  sense)  to  possess  polarity. 

In  the  theory  of  magnetism,  it  is  found  necessary  to  consider  a  magnet  as  com- 
posed of  minute  indivisible  particles  or  filaments  of  iron,  each  of  which  has  indivi- 
dually the  properties  of  a  separate  magnet.  The  displacement  or  separation  of  the 
two  attractive  powers  takes  place  only  within  these  small  particles,  which  are  called 
the  magnetic  elements,  and  must  be  supposed  so  minute  that  they  may  be  the  ulti- 
mate particles  or  atoms  themselves  of  the  iron.  A  magnetic  bar  may,  therefore,  be 
represented   as  composed  of  minute 

portions,  a  6  in  fig.  60  representing         ^  ^  ^'®*  ^^' 

one  such  portion ;  the  right  hand  ox-  •§ 
tremities  of  each  of  which  possess  one 
species  of  magnetism,  and  the  left 
hand  extremities  the  other.  The  un-  ^ 
shaded  ends  being  supposed  to  possess  austral,  and  the  shaded  ends  boreal  magnet- 
ism, then  the  ends  of  the  bar  itself,  of  which  these  sides  of  the  elementary  magnrts 
form  the  faces,  possess  respectively  austral  and  boreal  magnetism,  and  are  the  austral 
and  boreal  poles  of  the  magnet.  Such,  then,  is  the  polar  condition  of  a  bar  of  iron 
possessing  magnetism,  of  which  the  attractive  and  repulsive  powers  residing  at  the 
extremities  are  the  results.  Of  the  existence  of  such  a  structure  the  breaking  of  a 
magnet  into  two  or  more  parts  aff(mls  a  proof,  for  it  forms  as  many  complete  mag- 


/^ 
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r  polca  appeariag  at  all  the  fractared  e^ 
!  rcmcmb«rcd,  is  itself  insecable,  like  a  a| 
BO  that  the  division  must  tiiko  place  between  magnetic  elements.  i 

When  to  the  boreal  pole  B  of  a  magnet  (fig.  61),  1 
of  the  horse-shoo  form,  a  piece  of  soft  iron,  a  b,  vhoHj 
magDetic  powers,  is  prcseotcd,  a  similar  displacemoB 
netic  forces  of  its  elements  occurs  as  iu  the  magnet' 
becomes  a  magnet  by  induction,  and  may  attract  aoi 
nctism  in  a  second  bar  a'  b' ;  both  of  which  contina 
long  as  the  first  remains  in  ike  sa.mo  position,  and  iq 
enco  of  A  B.  These  induced  magnets  must  have  ^ 
molecular  structure  as  tiic  original  magnet,  but  theic 
only  temporary,  and  is  immediately  lost  when  thoj 
from  the  permanent  magnet  The  displacement  of  Ui 
in  thcBC  induced  magnets  commences  at  the  cxtrcinitj 
contact  with  B,  which  extremity  has  the  opposite  m^i 
(the  difTcrent  kinds  of  magnetism  being  mutually  attq 
the  austral  pole  of  ah;  and  4  is  its  boreal  pole.  Ol 
the  upper  extremity  a'  in  contact  with  b'  is  the  austral,  and  the  lowM 
the  boreal  pole,  or  b  and  b'  Lave  the  same  kind  of  magnetic  power  ea  I 
the  ori^nal  magnet,  from  which  they  arc  dependent.  A  third  bir 
placed  at  b'  is  likewise  polarized,  and  the  series  of  ini^uced  magneto 
&rthcr  extended,  but  the  atlmctive  powers  developed  in  the  difiercnl 
the  series  become  less  and  less  with  their  distance  from  the  pole  B  o 
magnet 

A  similar  set  of  bars  may  be  conncctM 
C2),  which  become  temporary  magneta  al|| 
the  same  law,  the  lower  eitremitiea  of  6 
\  austral.  On  now  uniting  the  lower  cxtreB 
sets  by  another  bar  of  soft  iron  a"  b'',  (fij 
set  renders  a"  h"  a  magnet,  having  its  ausi 
and  its  boreal  pole  at  b" ;  and  acting  togetk 
municate  a  degree  of  magnetism  to  the  unitn 
than  cither  set  possessed  before  they  wers 
~  this  connexion,  also,  the  inductive  aetions « 
bars  are  brought  to  bear  upon  the  other,  ai 
tive  forces  at  all  their  poles  are  thereby  grai 
In  the  most  favourable  conditions  as  to  ths 
nexioa  of  the  temporary  magnets  with  ra 
magnet,  each  of  the  former,  howOT 
-  acquires  powers  ei^ual  to  those  of  the  ori^ 
This  general  enhancement  of  power  in  tiie  induced  magnets  has  b 
therefore,  by  completing  the  circle  of  them  between  A  and  B. 

It  is  also  important  to  observe,  with  a  view  to  the  fl 
tion  of  the  remark,  that  a  single  bar  of  soft  iron,  or  1 
(fig.  64),  connecting  the  poles  of  a  magnet  A  B,  not 
at  0  and  a  enual  thougU  opposite  powers  to  the  contix 
the  magnet,  but  also  reacts  by  induction  on  these  poE 
in  a  gradual  manner,  and  increases  their  magnetism, 
magnetic  forces  of  A  and  B  are  therefore  increased,  bj 
nity  to  act  inductively,  which  the  connecting  baj  afibnM 
threads  of  steel  filings  which  are  taken  up  by  a  magw 
65)  illustrate  the  inductive  action  of  magnetism,  for  < 
steel  is  a  complete  magnet,  and  the  threads  a  series 
will  be  observed  also  that  these  threads  diverge  from 
because,  while  unlike  poles  are  in  contact  in  each  thread,  which  Attn 
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are  in  contact  of  adjoming  threads  which  repel.    Tbia  repulsion  of  polnr  chains  by 
each  other,  there  will  be  occasion  again  to  refer  to. 

Atomic  repreitniation  of  a  double  decomposition. — Chemical  polarity,  althongli 
less  adapted  for  exhibition,  is  atill  more  simple  than  magnetic  polarity  in  its  nature, 
while  it  is  of  a  more  fundamental  eharaclcr,  and  appears  to  bo  the  basis  of  all  other 
polarities  whatever.  In  a  binary  compnund,  —  such  as  chloride  of  potassium, — 
there  reside  two  attractive  powers,  opposite  in  their  nature;  namely,  the  halogenoua 
affinity  of  the  salt-radical  chlorine,  and  the  basylous  affinity  of  the  metal  potassium. 
The  atomic  theory  gives  form  to  the  molecule  of  chloride  of  potassium  :  one  atom, 
CI,  being  the  scat  of  the  halogenous,  chlorous,  or  negative  affinity  (as  we  shall  also 
call  it);  and  the  other  atom,  K,  the  scat  of  the  basylous  or  positiTe  affinity.  A 
binary  saline  molecule  is  thus  entirely  similar  to  a  magnetic  element.  We  have  to 
deal  with  two  affinities  only,  —  the  chlorous  and  basylous.  Atoms  possessing  diScr- 
ent  affinities  attract  each  other;  while  atoms  possessing  the  same  affinity  repct  each 

The  two  binary  compounds,  hydrochloric  acid  (chloride  of  hydrogen)  and  oxide 
of  lead,  when  brought  into  contact,  mutually  decompose  each  other,  forming  ehlondc 
of  lead  and  water:  HCl  and  Pl)0=PbCl  and  HO. 
At  the  instant  of  acting  upon  each  other,  the  two  (1) 
conpoond  molecules  must  have  a  certain  relative  /Z^ 
position.  Under  (1),  the  basylous  hydrogen  of  the  \CX) 
hydrochloric  acid  is  presented  to  the  basylous  lead  of  ^^"^ 
the  oxide  of  lead,  atoms  which  repel  each  other.  vH) 
In  (2)  and  (3),  on  the  contrary,  a  basylous  atom  of 
one  molecule  is  presented  to  a  halogenous  atom  in  <",„,  \ 
the  other,  H  to  0  in  (2),  and  CI  to  I'b  in  (3).  These  [Pb) 
arc  Bttnictivc  pairs;  but,  before  they  can  enter  into  / 
new  combinations,  they  must  be  released  from  the  I, 
atoms  with  which  they  are  already  combined ;  which 
can  be  efected  in  (4),  the  only  disposition  of  the  polar  molecules  in  (i) 

which  both  attractive  poles  are  together,  and  the  actual  decora  posit  ion  a    

and  combinations  possible ;  CI  ia  in  contact  with  Pb  at  the  same  time  (ci) (pD^ 
that  II  is  in  contact  with  0,  allowing  the  simultaneous  formation  of  V_y  V^^ 
Pb  CI  and  H  0.  This  is  no  more  ^an  the  expression  of  a  double  fjj)  {  O  ) 
decomposition  in  the  language  of  the  atomic  theory.  \ /  V ' 

It  ia  further  to  be  observed,  that,  in  the  original  polar  molecules  (4), 
although  approximation  and  combination  are  promoted  by  the  attraction  of  the  cou- 
tignous  nnlike  poles,  they  arc  opposed  by  the  mutual  repulsion  of  the  like  polos ; 
Cl  repelling  0,  and  Pb  repelling  II.  Thia  unfavourable  influence  of  the  rcpulsionA 
is  reduced  to  a  minimum  in  the  arrangement  of  several  pairs  of  the  hydrochloriu 
acid  and  oxide  of  lead  moleculea  to  form  one  circle.  In  (5),  four  pairs  of  the  polar 
molecules  are  symmetrically  placed;  HCl  altematcly  with  PbO,  and  the  attractive 
poles  of  the  different  molecules  together.  Affinities  tending  to  a  aimultaneous 
formation  of  chloride  of  lead  and  water  are  equally  favoured  in  this  arrangerocot,  03 
in  (4] ;  while  the  mutual  repulsion  of  the  like  atoms,  — such  as  the  II  and  Pb,  or 
the  CI  and  O  of  the  adjoining  molecules  A  and  U  —  b  less,  aa  these  like  atoms  en 
nore  diatant  from  each  other  m  the  circular  ammgement.     It  is  obvious  that  tho 
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repelline  atoms  vill  be  more  &tent  tluij 

the  drclu,  or  tho  more  nearly  a  Kgmen 

approacbcs  to  a  straight  line.     This  ai 

oicnt  of  many  pairs  in  a  drcic,  being  a' 

don  of  equilibrium,  is  a  neccBsary  oA 

must  take  pbce  in  all  doable  dcconpo 

occurring  in  a  liquid  where  the  binai] 

,  culca  arc  free  tfl  move.    The  formation  i 

(HI  polar  circuits  explains  the  ready  occurrt 

|.  double  decompositions;  but  it  is  of  stit 

'mportance,  as  being  the  simplest  and  a 

^Iligible  exhibition  of  a  voltiuc  circle. 

Action  of  an  acid  upon  two  metals  i 
tact.  —  When  a  phite  of  linc  is  plung 
bj'drochloric  acid,  a  chemical  change  of  a 
nature  ensues;  the  metal  disaolves,  coa 
with  the  chlorine  of  the  acid  and  displai 
hydrogen,  the  ga»-bubblea  of  which  form  upon  the  zinc  plate,  increase  in  siae, 
themselves,  and  rise  through  the  liquor  to  its  surface.  The  solution  of  sin* 
effected  by  its  Bubstitution  for  hydrogen,  as  in  this  experiment,  is  attended  by 
of  cstraoniinary  phenomena,  which  Mcome  apparent  when  a  second  metal, 
copper,  silver,  or  platinum,  is  placed  in  the  same  acid  fluid,  and  allowed  t 
the  zinc,  the  second  metal  being  one  upon  which  the  fluid  exerts  no  solvent 
or  a  less  action  than  upon  rino. 

The  sine  plate  being  eonneeted  by  a  metallic  win 

Fio.  6G.  copper  plate,   as  represented  in  fig.  66,  and  both 

.'  ""X  together  in  the  hydrochloric  acid,  the  linc  only  is  actc 

/  \  ana  dissolves  as  rapidly  as  before ;  but  much  of  the  h; 

gas  now  appears  upon,  and  is  discharged  from  the  su 

eopperlhe  copper  plate,  and  not  fron  the  line.     The  hj 

being  produced  by  the  solution  of  the  line,  thus  af\ 

travel  through  the  liquid  from  that  metal  to  tho  copp 

no  current  or  movement  in  the  liquid  is  perceptible,  i 

phenomenon  whatever  to  indicate  the  actual  passage  a 

through  the  liquid  in  that  direction.     The  transfer 

the  bydrogcu  must  take  place  by  the  propagation  of  a 

position  tbrough  a  chain  of  particles  of  hydrochlc 

extending  from  the  zinc  to  the  copper,  and  may  be  eonccivcd  by  the  diagran 

margin,  in  which  eoeh  pair  of  associated  circles  marked  c/  and  h  represents  a 

of  hydrochloric  acid.     The  chlorine  el 

''"■  ^^'  tide  1  in  contact  with  the  lino  co 

with  that  metal,  its  hydrogen  h  combi 

,^  ""■'V  moment  it  is  set  free,  with  the  ehli 

/  \  mrticle  2,   as  indicated   by  the  cot 

/  \  bracket  below,  and  liberates  the  hydi 

tint  m  T«  coppsr  tliat  particle,  which  hydrogen  forthw 

B /  :t  3  IjBl  bines  with  the  chlorine  of  particle  3, 

Vd)(X)  @@  ®@nl  **"  '''™*'g^  "  series  of  particles  of  an 

n*       ^"M  till  the  decomposition  reaches  the  cop[ 

m  19  when  the  last  liberated  atom  of  hydro{ 

of  particle  3,  in  the  diagram)  not  hai 
drochloric  acid  to  act  upon,  b  evolved  and  rises  as  gas  in  contact  with  thf 
plate. 

It  is  to  be  observed  that  this  succession  of  decompositions  and  recomi 
leadinc  to  the  discharge  of  the  hydrogen  at  the  copper,  does  not  occur  at  a 
Ibat  plate  be  in  metallic  connexion  with  the  unc,  by  meauB  of  a  wiroi  >i 
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or  hy  the  plates  thomBelvcs  touching  witboat  or  within  the  acid  fluid.     This 

seem  to  indicate  that  while  the  decomposition  travels  from  the  zinc  to  the 

through  the  acid,  some  force  or  ioflucnce  is  propngated  at  the  same  time 
h  the  wire,  froni  the  copper  back  again  to  the  lino.  That  something  docs  pass 
h  the  wire  in  these  circumstances  is  proved  bj  its  being  heated,  and  b;  its 
■ary  assnmpUon  of  cerlsin  electrical  and  magnetic  properties.  Whether  nny- 
material  does  pass,  or  it  is  merely  a  vibration  or  vibratflry  impulse,  or  a  cer- 
iJuced  conditioD  that  is  propagated  through  the  molecules  of  the  wire,  of 
the  electrical  appearances  are  the  effects,  cannot  be  determined  with  certainty. 

power  to  effect  decomposition,  tbo  same  in  kind  as  that  occurring  in  the  acid 
id  which  acts  in  the  same  sense  or  direction,  is  propagated  through  the  wire, 
ipcars  to  be  fundamental  to  all  the  other  phenomena. 

the  wire,  supposed  to  be  of  platinum,  con- 

5  the  zinc  and  copper  plates,  be  divided  ia  ^"*-  ''^■ 

ddlc,  end  the  eitrcmilics  A  and  B  of  the  ■*    ^ 

IS  otiached  to  the  copper  and  zinc  ptites  y'''^        ^""^^ 

tively  be  flattened  into  small  plates,  and  /^  -  ^      >. 

ippcd  at  a  little  distance  from  each  other  /  /^     ^\     \ 

<econd  vessel   containing   hjdriodio   acid.     ^"^  ^'P  \         \ 

will  soon  appear  at  A,  although  that  ole-      f »         Bu>  \ \ 

is  incapable  of  combining  with  the  sub-      eftz-^jK-  (J"         j^ 

of  the  platinum,  and  hydrogen  gas  will       JM^j^Bt-  feUy.-f^ 

■  at  B.     If  tho  connecting  wire  and  the       S^^^HIHS  i-f^^sfV 

plates  A  and  B  were  of  ?inc  or  of  copper,       ft^^^^Uj  e  WCk  k 

driodic  acid  would  bo  decomposed  precisely       H^^^^B?  eL&S^Lk 

same  manner,  but  the  iodine  as  it  reached       l^^^^g^gj  ^SrSSS 

.Id  unite  with  the  metal  and  form  an  iodide.  '^^"  '  •^^^^^^i..^^ 

ang  a  decomposing  force  to  have  originated  in  the  lino  plate,  and  to  have 
itcd  through  the  hydrochloric  acid  in  ihe  jar  to  the  copper  plate,  and  onwards 
;h  the  wires  and  the  hydriodic  acid  back  to  the  zinc,  as  indicated  by  the 
on  of  the  arrows,  then  the  hydrogen  of  the  hydriodic  acid  has  followed  the 
course,  and  been  discharged  against  the  metallic  surface  to  which  the  arrow 

:  solution  of  the  linc  in  hydrochloric  acid  which  developes  these  powers,  acting 
listancc,  is  not  itself  impeded,  but  on  the  contrary  is  promoted  by  exerting 
n  influence  :  for,  placed  alone  in  the  acid,  that  met^  scarcely  dissolves  at  al^ 
e  and  nncontaminatcd  with  other  metals,  or  if  its  surface  has  been  silvered 
Dcreury ;  but  it  dissolves  with  rapidity  when  a  copper  plate  is  associated  with 
he  same  jar,  in  the  manner  described.  Hence  the  decomposing  power  which 
■B  between  A  and  B  cannot  be  viewed  aa  actually  a   portion  of  that  which 

the  solution  of  the  line  in  the  hydrochloric  acid,  for  that  force  bos  suffered 
ainntion  in  its  own  proper  sphere  of  action, 

B  combination  of  metals  and  fluids  is  known  as  the  ample  voltaic  circle. 
explain  the  pheiion«;na  of  the  voltaic  circle,  the  eiintenee  of  a  substantial 
>le,  the  electric  fluid,  has  been  assumed,  of  such  a  nature  that  it  is  readily 
onicable  to  matter,  and  capable  of  circulating  through  the  voltaic  arrangement, 
ig  with  it  peculiar  attraclive  and  repulsive  forces  which  occasion  the  dccom* 
•ns  observed.     A  vehicle  was  thus  created  for  the  chemical  affinity  which  is 

to  circulate.  But  it  is  generally  allowed  that  this  form  of  the  electrical 
lens  has  not  received  support  from  observations  of  a  recent  date,  particularly 
he  great  discoveries  of  Mr.  Faraday,  which  have  completely  altered  the  aspect 
.  department  of  science,  and  suggest  a  very  different  interpretation  of  the  phe- 
A.  All  electrical  phenomeDft  whatever  are  found  to  involve  the  presence  of 
*,  or  there  is  no  evidence  of  the  independent  existence  of  electricity  apart  from 
';  ao  that  these  phenomena  may  really  be  exhibitions  of  the  inherent  proper- 

matter.    The  idai  of  anything  like  a  circulation  of  electricity  through  tb* 
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voltaic  circle  appears  to  be  abandoned.  Electrical  induction^  by  wbich 
forces  arc  propagated  to  a  distance,  is  found  to  be  always  an  action  of  coni 
particles  upon  each  other,  in  which  it  is  unnecessary  to  suppose  that  an] 
passes  from  particle  to  particle,  or  is  taken  from  one  particle  and  added  to  aM 
The  change  which  a  particle  undergoes  takes  place  within  itself,  and  it  ia  I 
upon  as  a  temporary  development  of  different  powers  in  different  points  of  thtti 
particle.  The  doctrine  of  polarity  has  thus  come  to  bo  introduced  into  the  d| 
sion  of  electrical  phenomena.^  • 

One  reason  for  retaining  the  theory  of  an  electric  fluid  or  fluids  is,  that  it  aj 
the  means  of  expressing  in  distinct  terms  thoBe  strictly  physical  laws  whidj 
reputed  electrical;  and  for  many  purposes  such  an  hypothesis  is  unquesti^ 
useful,  if  not  absolutely  necessary;  but  it  has  nothing  to  recommend  it  | 
description  of  the  chemical  phenomena  of  the  voltaic  circle.  These  admil 
perfectly  intelligible  statement,  when  viewed  as  an  exhibition  of  ordinary  chi 
affinity,  acting  in  particular  circumstances,  without  any  electrical  hypothesis.   , 

Polarity  of  the  arrangement.  —  It  is  to  be  assumed  that  the  zinc  and  I 
chloric  acid  are  both  composed  of  particles,  or  molecules,  which  are  susceptibi 
polar  condition.     Of  hydrochloric  acid,  the  chemical  atom  is  the  polar  moieculi 
it  therefore  consists  of  an  atom  of  chlorine  and  an  atom  of  hydrogen  asso 
together.     The  polar  molecule  of  zinc  may  be  supposed,  for.  a  reason  whie 
afterwards  appear,  to  consist  of  a  pair  likewise  of  associated  atoms,  which,  ho^ 
are  in  this  body  both  of  the  same  element.     The  powers  appearing  in  a  polar 
cule  of  zinc  and  of  hydrochloric  acid  are  the  same.     One  pole  of  each  molecs 
the  basylous  attraction,  or  affinity,  which  is  characteristic  of  zinc,  or  zincous 
tion,  and  may  be  called  the  zincous  pole ;  while  the  other  has  the  halogcnous 
tion,  or  affinity,  which  is  characteristic  of  chlorine,  or  chlorous  attraction,  am 
be  called  the  chlorous  pole. 

Zinc  and  acid  in  contact  may  therefore  be  represented  (fig.  69)  by  trains  a 

ciated  pairs  of  atoms.    In  the  mi 
^^^  ^'°-  ^^'  ^^j^  of  hydrochloric  acid  B,  which  : 

the  zinc,  the  chlorine  atom  fon 

I^C^J>^5^)^^tSlf^(?)(?)^f^    chlorous  pole,  and  is  turned  t 
T      ^  A^yyk^v^^v.^    the  zinc,  the  fluidity  of  the  acid 

ing  its  molecule  to  take  that  p 

which  may  be  indicated  by  inscribing  cl  in  the  circle  which  represents  the  o 

atom.     The  other  atom  of  the  molecule  13,  or  the  hydrogen,  is  the  oppo 

zincous  pole,  and  is  marked  z.     Of  the  two  atoms  forming  the  polar  molecu] 

the  zinc,  the  exterior  atom  which  is  in  contact  with  the  acid  has  thereby 

attraction  developed  in  it,  and  becomes  the  zincous  pole,  while  the  interior  b 

the  chlorous  pole,  as  indicated  in  both  by  the  inscribed  letters.    This  polar  cc 

of  the  zinc  must  be  supposed  the  necessary  and  immediate  consequence  of  its 

with  the  polar  acid. 

But  each  of  these  particles  throws  a  train  of  particles  of  its  own  kind 

similar  state  of  polarity :  A,  the  contiguous  particles  E  and  I  of  the  zinc, 

the  contiguous  particles  C  and  D  of  the  acid.     For  cl  of  A  becoming  a  c 

pole,  dcvclopes  near  it  in  an  opposite,  or  zincous  pole  in  z  of  E,  and  a  chlon 

in  cl,  the  more  remote  extremity  of  E ;  in  the  same  manner  as  the  austral  p 

magnet  dcvclopes,  by  induction,  a  boreal  and  austral  pole  in  a  piece  of  B 

applied  to  it.     And  as  the  induced  magnet,  thus  formed,  will  react  upon  a 

piece  of  iron,  and  render  it  also  magnetic,  so  the  polarized  particle  E  rc 

'  For  Mr.  Faraday's  views,  the  eleventh  and  subsequent  series  of  his  Researche 
Philosophical  Transactions  for  1836,  and  the  following  years,  may  be  referred  to. 
^ATOurcd  the  scientific  world  with  a  reprint  of  the  whole  series :  Faraday's  Expe 
Researches  in  Electricity:  R.  and  J.  £.  Taylor,  London,  1839.  The  subject  is  al 
matically  treated  in  the  work  of  the  late  Professor  Daniell,  entitled  an  Introdnotio 
''tudy  of  Chemical  Philosophy,  which  may  be  consulted  with  advantage. 
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similarly  polar.  The  polar  arrangement  of  the  particles  C  and  I)  of  the  acid  is 
produced  by  B  in  the  same  manner.  Bat  as  in  a  scries  of  induced  magnets  (fig.  Gl, 
page  188),  the  magnetism  acquired  diminishes  with  the  distance  from  the  pole  of  the 
original  magnet,  so  in  trains  of  chemically  polarized  molecules,  such  as  A,  E,  I  and 
6,  C,  D,  the  amount  of  polarity  developed  in  each  molecule  will  diminish  with  the 
distance  from  the  sources  of  induction  A  and  B ;  I  being  polarized  to  a  less  degree 
than  E,  and  D  than  C. 

In  the  electrical  theory  of  the  voltaic  circle  as  modified  by  Mr.  Faraday,  the  zino 
and  hydrochloric  acid  are  equally  supposed  to  have  a  polarizablc  molecule.  The 
polarity  is  also  developed  in  these  molecules  by  their  approximation  or  contact. 
The  molecule  of  hydrochloric  acid  is  supposed  to  contain  the  positive  and  negative 
electricities,  which  possess  contrary  powers,  like  the  two  magnetisms,  and  are  in 
combination  and  neutralize  each  other,  in  the  non-polar  condition  of  the  molecule. 
Bat  the  contact  of  zinc  causes  the  separation  of  the  two  electricities  in  the  acid 
molecule,  its  atom  of  chlorine  next  the  zinc  becoming  negative,  and  its  atom  of 
hydrogen  positive.  The  electricities  of  the  zinc  molecule  are  separated  at  the  same 
time,  the  side  of  the  molecule  next  the  acid  becoming  positive,  and  the  distant  side 
negative.  The  positive  and  negative  sides  of  the  two  different  molecules  are  thus 
in  contact^  the  difiPcrent  electricities,  like  the  different  magnetisms,  attracting  each 
other.  Hence,  one  side  of  each  molecule  is  said  to  be  positive  instead  of  zincous, 
and  the  other  side  to  be  negative  instead  of  chlorous.  Polarity  of  the  molecule  is 
supposed  in  both  views,  but  on  one  view  the  polar  forces  are  the  two  electricities, 
on  the  other  two  chemical  aflinities.  The  difference  between  the  two  views  is  little 
more  than  nominal,  for  in  both  the  same  powers  and  properties  are  ascribed  to  the 
acting  forces.  The  electricities  are  supposed  to  be  the  cause  of  the  chemical  affini- 
ties, but  it  may  with  equal  justice  be  assumed  that  chemical  affinities  arc  the  cause 
of  the  phenomena  reputed  electrical.  One  set  of  forces  only  is  necessary  for  the 
explanation  of  the  phenomena  of  combination,  and  the  question  is,  whether  are 
these  forces  electrical  or  chemical  ?  Shall  electricity  supersede  chemical  affinity,  or 
chemical  affinity  supersede  electricity  ?  If  the  electricities  should  be  retained,  in 
discussing  the  voltaic  circle,  their  names  might  well  be  changed,  the  positive  called 
lincous  electricity,  and  the  negative  chlorous  electricity,  which  express  (as  will 
appear  more  clearly  afterwards),  the  nature  of  the  chemical  affinities  with  which 
these  electricities  are  invested,  and  of  which  they  arc  indeed  constituted  the  sole 
depositories.  The  propagation  of  the  effects  to  a  distance  is  supposed  to  take  place 
by  the  polarization  of  chains  of  molecules,  on  the  electrical  as  well  as  chemical 
theory  of  the  voltaic  circle ;  to  that  the  explanations  which  follow,  although  expressed 
in  the  language  of  the  chemical  theory,  arc  the  same  in  substance  as  those  which  are 
given  on  the  electrical  theory  as  now  understood. 

If  the  attractions  of  the  respective  ziucous  and  chlorous  poles  of  A  and  B  which 
are  in  contact,  rise  to  a  certain  point,  the  atom  z  of  A  is  detached  from  the  mass  of 
metal,  and  combines  with  the  atom  cl  of  B,  which  last  atom  is  disengaged  at  the 
same  time  from  its  hydrogen.  Chloride  of  zinc  is  produced  and  dissolves  in  the 
liquid,  while  hydrogen  is  disengaged  and  rises  from  the  surface  of  the  metal ;  or  wo 
have  the  ordinary  circumstances  of  the  solution  of  an  isolated  mass  of  zinc  in 
hydrochloric  acid. 

SIMPLE  VOLTAIC  CIRCLE. 

Circle  with  the  connecting  voire  unbroken. — When  the  zinc  is  pure,  or  its  surfacu 
amalgamated  with  mercury,  the  zincous  and  chlorous  attractions  of  the  touching 
poles  of  A  and  B  are  not  sufficiently  intense  to  produce  these  effects,  and  combina- 
tion does  not  occur.  Let  a  copper  plate  F  G  H  (fig.  70),  be  then  introduced  into 
the  acid,  and  connected  by  a  metallic  wire  H  K I  with  the  zinc.  The  particles  of 
the  acid  assume  chloroos  and  zincous  poles  as  before  \  so  also  do  those  of  the  zino, 
and  the  chain  of  pohr  molecules  is  now  continued  through  the  zinc  and  wire  to  the 
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copper,  the  exterior  particle  F  of  which,  it  will  be  observed,  comes  toerebjj 
Bent  a  chlorous  polo  to  the  acid.     The  contiguous  particle  D  of  acid  is  thus  tj 
to  a  second  induction  from  the  chlorous  polarity  of  the  copper,  which  increai 
ancous  polarity  of  the  side  of  D  next  F,  and,  therefore,  co-operates  in  enln 
the  polar  conditions  already  assumed  by  the  chain  of  acid  particles  exten^ 
tween  the  two  metals.     An  endless  chain  or  circle  of  polar  molecules  symm«| 
arranged  is  thus  formed,  such  as  exists  in  a  magnet  of  which  the  poles  are 
by  a  lifter,  in  which  every  particle  in  the  chain  has  its  own  polar  condition  d 
by  induction,  and  at  the  same  time  docs  itself  react  upon  and  elevate  the  pd 
dition  of  every  other  particle  in  the  chain.     The  result  of  this  is  that  the  [ 
attraction  of  the  zinc  atom  z  of  A,  for  the  chlorine,  cl  of  the  hydrochloric  \ 
is  increased,  and  aitains  that  degree  of  intensity  at  which  the  resistance  to  *' 
pending  combination  is  overcome,  and  the  z  and  cl  of  A  and  B  unite.     I 
circle  of  polar  molecules,  in  which  the  condition  of  any  one  molecule  detl 
and  is  determined  by  that  of  every  other,  the  intensity  of  the  polar  cond 
necessarily  the  same  in  every  element  of  the  circle.     The  chemical  polaritt 
fore,  of  the  other  particles  forming  the  chain,  must  increase  to  an  equal  on 
with  A  and  B,  when  the  circle  is  completed,  and  the  same  change  must  no 
in  all  of  them  that  has  occurred  in  A  and  B.     The  pole  of  B  next  C  is  ix 
zincous,  while  that  of  C  next  B  is  intensely  chlorous,  whence  the  chloij 
hydrogen  cl  and  z  of  these  two  particles  combine  together.     At  the  same  ti 
for  the  same  reason,  the  hydrogen  2  of  C  unites  with  the  chlorine  cZ  of  D  j 
on,  through  a  chain  of  particles  of  hydrochloric  acid  of  any  length,  till  th< 
is  reached,  when  the  last  acid  particle,  D  in  the  figure,  yields  its  hydrogen 
chlorous  pole  of  the  copper  cl.     But  the  hydrogen  not  being  capable  of  co 
pf.rmanently  with  the  copper,  is  liberated  as  gas  upon  the  surface  of  that  1 

Some  internal  change  of  a  similar  character  appears  to  take  place  in  the 
polarized  molecules  extending  through  the  metals  themselves — a  series  of  zi 
detachments  and  re-attachmcuts,  among  the  atoms  of  their  polar  molecules, 
decompositions  and  rccom positions  in  the  acid,  causing  evolution  of  heat  ai 
phenomena,  generally  reputed  electrical,  which  the  zinc  and  copper  plates 
connecting  wire  exhibit. 

Amalgamation  of  the  zinc  plate. — The  polar  molecule  of  the  metals  1 
assumed  to  contain  two  atoms  (like  that  of  the  acid),  with  the  view  of  ass 
these  intestine  changes  in  the  solid  to  those  occurring  in  the  fluid  portic 
voltaic  circuit,  and  also  because  it  appears  to  account  for  the  advantage  of 
mating  the  zinc  surface.     In  the  amalgamated  plate,  it  is  not  zinc  its< 
chemical  combination  of  mercury  and  zinc,  which  is  presented  to  the  acid, 
mercury  is  the  negative  clement,  and  which  might,  therefore,  be  called  a  hyd 
of  zinc.    That  combination  likewise  is  fluid.    It  must  constitute  the  polar 
which  will  then  consist  of  an  atom  of  mercury  as  chlorous  pole,  and  an  ata 
as  zincous  pole,  and  not  of  two  atoms  of  zinc.    Such  metallic  molecules  bein 
of  movement  from  their  fluidity  will  place  themselves,  in  forming  a  polar  ol 
llieir  unlike  poles  together^  as  the  fluid  acid  particles  arrange  themselves. 
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in  an  amalgam  of  zinc,  of  which  A,  E,  and  I,  are  polar  molecules  (fig.  70),  all  the 
atoms  marked  cl  arc  mercury,  and  those  marked  z  are  zinc.  It  thus  follows  that, 
when  by  contact  with  an  acid  the  amalgam  is  polarized,  it  presents  a  face  of  zinc 
only  to  the  acid.  If  the  mercury  were  exposed  to  the  acid,  that  metal  would  com- 
pletely derange  the  result,  acting  locally  like  a  copper  plate,  as  will  afterwards  be 
explained.  The  previous  combination  of  the  zinc  (witli  mercury)  likewise  prevents 
that  metal  from  yielding  easily  to  the  chlorine  of  hydrochloric  acid ;  and  the  zinc 
of  the  amalgam  is,  therefore,  not  dissolved,  till  the  aflSnities  are  enhanced  by  the 
introduction  of  a  copper  plate  into  the  acid,  and  the  formation  of  a  voltaic  circle. 

It  would  thus  appear  that  zinc,  associated  with  copper,  dissolves  more  readily  in 
the  acid  than  when  alone,  because  the  attraction  or  affinity  of  the  zinc  for  chlorine 
is  increased  by  the  completion  of  a  circle  of  similarly  polar  molecules,  in  the  same 
manner  as  the  magnetic  intensity  at  one  of  the  poles  of  a  magnet  is  increased  on 
completing  the  circle  of  similarly  polarized  elements,  by  connecting  that  pole  by 
means  of  soft  iron  with  the  other  pole  (Fig.  64,  page  188). 

Although  the  terms  of  the  electrical  hypothesis  are  at  present  avoided,  still  it 
will  be  convenient  to  denominate  the  zinc,  being  the  metal  which  dissolves  in  the 
acid,  the  active  or  positive  metal,  and  the  copper,  which  does  not  dissolve,  the  inac- 
tive or  negative  metal  of  the  voltaic  circle. 

Looking  to  the  condition  of  the  two  connected  metals  in  the  acid,  it  will  be  ob- 
served that  the  surface  of  the  zinc  presented  to  the  acid  has  zincous  affinity,  or  iB 
snco-polar,  but  the  surface  of  the  copper  presented  to  the  acid  has,  on  the  contrary, 
chlorous  affinity,  or  is  chloro-polar.  Such  a  condition  of  the  copper  is  necessary  to 
the  propagation  of  the  induction ;  and  the  advantage  of  copper  or  platinum  as  the 
negative  metal  in  a  voltaic  arrangement  depends  upon  there  being  little  or  no  impe- 
diment to  either  of  these  metals  assuming  the  chlorous  condition,  that  can  arise 
from  the  peculiar  affinity  of  the  metals  named  for  the  chlorine  of  the  ncid;  an 
affinity  which  tends  to  cause  them  to  be  superficially  zincous  instead  of  chlorous. 
If  the  second  metal  were  zinc,  the  surface  of  it  would  be  disposed  to  dissolve  in 
the  acid,  and  becoming  on  that  account  zincous,  would  induce  a  polarization  in  the 
lotermediate  acid  in  an  opposite  sense  from  that  induced  by  the  first  plate  of  zinc ; 
irbich  counter  polarizing  actions  would  mutually  neutralize  each  other.  The  acid 
between  the  two  zinc  plates  would  be  like  a  piece  of  iron  connecting  two  like  mag- 
netic poles,  which  itself  is  not  then  polarized. 

But  if  one  of  the  two  zinc  plates  were  less  disposed  to  dissolve  in  the  acid  than 
the  other,  from  the  physical  condition  of  its  surface,  from  the  acid  being  weaker 
there,  or  from  any  other  cause,  then  the  plate  so  situated  might  become  negative  to 
the  other,  and  a  voltaic  circle  of  weak  power  be  established,  in  which  both  metals 
were  sine. 

Impurity  of  the  zinc. — K  zinc  is  alone  in  the  acid,  and  every  superficial  particle 
of  the  metal  equally  disposed  dissolve,  then  the  zinc  everywhere  exposes  a  sorfaoe 

in  a  state  of  zincous  polarity;  and  a  polar  circle  in  the 
Fio.  71.  liquid,  starting  from  one  particle  of  the  zinc  and  returning 

upon  another,  cannot  be  established,  as  this  requires  that  a 

part  of  the  zinc  surface  be  chlorous.    But  if  the  zinc  contains 

^^  on  its  surface  a  single  particle  of  copper,  a  chlorous  pole  is 

created,  upon  which  an  inductive  circle  starting  from  an 

y^  adjoining  particle  of  zinc.  A,  (fig.  71),  and  passing  through 

Acid.  *^®  liquid,  may  return  as  shown  in  the  figure.     It  is  the 

formation  of  such  circles  that  causes  impure  zinc,  which 

is  contaminated  by  other  metals,  to  dissolve  so  much  more 

''"Y^  {j^)  quickly  in  an  acid  than  the  pure  metal.    Why  such  circles 

•s-Ail         /^ir  are  not  formed  when  the  positive  metal  in  combination 

with  the  zinc  is  mercury,  which  forms  a  fluid  alloy,  baa 
already  been  accounted  for;  and  the  nature  of  the  evil 
which  might  otherwise  attend  the  amalgamation  of  th» 
line  is  now  evident 
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The  whole  chain  of  polar  molecules  in  the  voltaic  circle  admits  of  a  qi 
division  into  two  segments^  the  acid  or  liquid  segment  BCD  (fig.  70),  a^ 
metallic  segment,  A  K  F,  each  of  which  has  a  pair  of  poles,  the  unlike  pd 
the  two  segments  being  opposed  te  each  other.  The  pole  at  B  of  the  acid  |j 
is  chlorous,  and  is  opposed  to  the  zincous  pole  at  A  of  the  metallic  segment;^; 
the  pole  of  the  liquid  segment  at  D  is  zincous,  and  is  opposed  to  the  cUoroqi 
or  the  metallio  segment  at  F.  The  distribution  of  polarity  in  these  two  8^ 
is,  therefore,  the  same  as  in  two  magnets  with  their  unlike  or  attnusting  pti 
contact. 

Such,  then,  is  the  action  of  affinity  by  induction,  which  the  mere  introdaot 
zino  and  copper  in  contact  into  the  same  acid  liquid  is  sufficient  to  develop 
which  accounts  for  the  discharge  of  the  hydrogen  upon  the  surface  of  the  oop 
such  an  arrangement,  the  remarkable  phenomenon  by  a  description  of  whiol 
subject  was  introduced. 

Circle  with  the  connecting  wire  broken, — It  remains  for  us  to  apply  t2ifl 
principles  to  explain  the  additional  phenomena  of  the  second  case  desciil 
which  the  connecting  wire,  supposed  to  be  of  platinum,  between  the  zinc  and 
plates,  is  divided,  and  the  broken  extremities  introduced  into  hydriodic  add  (i 
page  194). 

Broken  at  any  point,  as  at  K,  (Fig.  70),  it  is  evident  that  if  the  polarized 
tion  be  still  sustained,  the  portion  of  the  metallic  segment  connected  with  the 
plate  will  terminate  with  a  zincous  pole  at  K,  and  that  connected  with  the  zix 
a  chlorous  pole ;  which  may  be  indicated  respectively  by  K  and  L,  in  fig.  72. 


F     Copper. 


hydriodic  acid  is  interposed  between  K  and  L,  the  breach  is  repaired  by  th< 
zation  of  a  chain  of  particles  of  that  acid.  The  extremity  K,  being  zincous, 
chlorous  polarity  in  the  side  of  the  hydriodic  acid  particle  which  it  touches ; 
sequence  of  which  the  iodine  atom  (the  analogue  of  chlorine)  of  the  hydrio 
molecule  is  presented  to  that  pole,  and  liberated  there  when  decomposition 
The  extremity  L  of  the  zinc  or  positive  metal  element  is  chlorous,  and  ther 
duces  zincous  polarity  in  the  particle  of  hydriodic  acid  which  it  touches,  an 
gen  (the  analogue  of  zinc)  is  liberated  there.  The  polarity  in  an  induce 
must  necessarily  be  of  equal  intensity  at  every  point  in  it,  and  being  sufik» 
to  cause  the  decomposition  of  the  hydrochloric  acid,  must  also  decompose  the 
die  acid  between  K  and  L;  otherwise  it  is  never  established  at  A,  nor  a 
else. 

In  the  present  arrangement,  the  voltaic  circle  is  broken  into  four  segn 
has  four  polar  elements,  every  terminal  pole  of  which  is  in  contact  with  a  ] 
different  name ;  and  the  whole  arrangement  may  be  compared  to  a  circle 
magnets  with  the  attractive  poles  in  contact. 

These  elements  are: — First,  the  zinc  plate  or  positive  metal,  AL,  of  w 
end  at  A,  in  the  hydrochloric  acid  (fig.  73),  has  zincous  affinity,  and  the  e 
with  platinum  at  L,  in  the  hydriodic  acid,  chlorous  affinity. 
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FiQ.  73.  Secondly,  the  body  of  bydrochloric  acid, 

Fluid.  A  F,  between  the  zinc  and  copper  plates, 

of  which  the  surface  at  A,  in  contact  with 
the  positive  metal,  has  chlorous,  and  that 
at  F,  in  contact  with  the  negative  metal, 
zincous  affinity. 

Thirdly,  the  copper  or  negative  metal 
F  K,  of  which  the  end  at  F  ip  the  hydro- 
chloric acid  has  chlorous  affinity,  and  that 
faced  with  platinum  at  K  in  the  hydriodic 
acid,  zincous  affinity. 
Fluid.  And  fourthly,  the  body  of  hydriodjo 

acid,  K  L,  between  the  zincous  and 
chlorous  poles  of  the  negative  and  positive  metals,  of  which  the  surface  K,  in  con- 
tact with  the  negative  metal,  is  chlorous,  and  the  surface  L,  in  contact  with  the 
positive  metal,  zincous. 

In  every  voltaic  circle  employed  to  produce  decomposition  these  four  elements  are 
to  bo  looked  for.  Ilereafter,  in  adverting  to  any  one  of  these  elements,  it  will  be 
sufficient  to  confine  our  notice  to  its  terminal  polarities  or  affinities,  without  recurring 
U>  the  polarized  condition  of  the  element  itself,  upon  which  its  terminal  affinities 
depend. 

COMPOUND  VOLTAIC  CIRCLE. 

In  both  the  arrangements  described  there  is  only  one  source  of  polarizing  force, 
namely,  the  action  between  the  zinc  and  acid  at  A.  But  a  circle  of  a  similar  nature 
may  be  constructed  embracing  within  itself  two  or  more  of  such  primary  sources  of 
polarizing  power,  and  the  intensity  of  the  polar  condition  of  the  whole  circle  be 
thereby  greatly  increased. 

Figure  74  represents  such  a  circle,  in  which  there  are  two  zinc  plates,  both 

supposed  to  be  in  contact  with  hydrochloric  acid, 

namely  at  A  and  at  C,  and  a  copper  plate  attached 

to  each  of  these  zincs.    The  polar  condition  of  such 

^^^  a  circle  will  easily  be  observed.     By  the  contact  of 

^'^^fMkT  ^KSt^Zi'ncZ    the  acid  and  zinc  at  A,  a  zincous  pole  is  established 

there  in  the  first  zino  plate,  and  a  chlorous  pole  in 
the  acid,  which  are  so  inscribed  in  the  diagram. 
These  occasion  the  formation  of  a  chlorous  pole  at 
D  in  the  first  copper,  the  united  zino  and  copper 
AD  forming  together  one  polar  element;  and  a 
zincous  pole  at  B  in  the  acid,  the  column  A  B  of 
acid  being  the  second  polar  element.  The  further  effixit  of  the  induction  is  to  pro- 
dace  a  chlorous  pole  at  B  in  the  second  copper,  of  which  the  corresponding  zincous 
pole  is  at  C,  in  the  second  zinc ;  the  united  zinc  and  copper  B  C  forming  together  a 
third  polar  element.  And,  as  a  last  consequence  of  the  inducing  force  originating 
at  A,  the  column  of  acid  between  C  and  D  becomes  a  fourth  polar  clement  of  the 
circle,  having  a  chlorous  pole  at  C  and  a  zincous  pole  at  D.  Now  it  will  be  observed 
that  the  chemical  affinity  between  the  acid  and  zino  at  C  tends  to  produce  the  same 
polar  conditions  at  that  point  as  are  already  established  there  from  the  effect  of  in* 
duction.  The  extremity  of  the  zinc  plate  at  C  is  in  fact  zincous,  both  primarily  and 
by  induction  ]  and  the  acid  in  contact  with  it  chlorous,  likewise  both  primarily  and 
by  induction  ]  and  generally,  throughout  the  whole  circle,  the  polar  conditions  dO' 
termined  by  the  second  chemical  action  at  0  are  the  same  as  those  determined  by 
tbtf  first  action  at  A. 

In  the  last  arrangement,  the  inductive  actions  are  in  the  same  direction,  and 
fim>ar  each  other;  but  a  circle  may  be  constructed  in  which  the  inductions,  being 
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Fio.  75. 
Fluid. 


Zinc. 


Fluid. 


Fia.  76. 


in  opposite  directions,  oppose  and  neiili 
each  other.  Thus  if  A  D  (%  75)  be  eal 
zinc,  both  its  extremities  being  expoii 
acid;  will  tend  equally  to  be  zincous.  L 
same  way,  if  B  C  be  entirely  copper,  tha 
dition  of  both  its  extremities  wiU  be  chk 
from  the  action  of  the  acid  on  the  two 
Copper.  Qf  ^jjg  2inc ;  and,  consequently,  the  clei 
of  such  a  circle  could  have  no  polarity. 

A  circle  is  represented  in  fig.  76,  cai 
ing  three  sources  of  polarizing  force.     1 
sists  of  three  alternations  of  copper  am 
symmetrically  arranged,  and   forming 
polar  elements  F  A,  B  C,  and  D  E,  with  three  acid  columns  between  these  al 

tions,  which  form  three  additional  polar  elei 
A  B,  C  D,  and  E  F.     The  number  of  altera 
of  copper  and  zinc  with  acid  may  obviously  I 
creased  to  any  extent,  and  the  chemical  acti 
the  acid  on  the  zinc  in  each  alternation  is  foi 
increase  in  a  marked  manner  up  to  the  numl 
10  or  12  alternations.     This  increase  of  the  a 
fZijrrZ  is  undoubtedly  owing  to  the  favouring  ind 
action  which  the  chemical  actions  at  the  dii 
^"*cJ\:/2J,jgZ^,]^ojD,z       points  have  upon  each  other.     Such  a  com 
if~^^f^r  circle  may  be  compared  to  a  number  of  mi 

^'*^  disposed  in  a  circle  with  their  attracting  polei 

ther,  of  which  each  would  have  its  magnetic  intensity  exalted  by  induction  fr 
the  rest.  When  such  a  circle  is  broken  at  any  point,  all  chemical  action  and 
zation  cease  till  contact  is  again  made,  and  the  circuit  completed.  The  polari 
too,  being  the  result  of  a  circular  induction  involving  so  many  lines  or  cha 
particles,  cannot,  when  once  established,  be  more  or  less  at  any  one  point 
circuit  than  at  others.  The  resulting  chemical  action  must,  therefore,  be 
where  equal  in  the  circle,  and  consequently  the  same  quantity  of  zinc  be  dis 
and  hydrogen  evolved  in  each  acid. 

If  any  metallic  element  of  this  compoimd  circle  be  broken,  and  a  pola 
liquid  bo  interposed  between  the  metallic  extremities  so  as  to  complete  the  • 
decomposition  occurs  in  that  liquid  as  in  the  simple  interrupted  circle  (fig.  72 
the  polarizing  influence  of  the  compound  circle  being  of  high  intensity^ 
numerous  and  difficult  decompositions  are  effected  by  means  of  it  than  by  the 
circle.  The  compound  voltaic  circle  is  indeed  a  decomposing  instrument  o: 
efficiency. 

If,  in  this  arrangement,  the  position  of  one  of  the  metals  in  the  series  be  ro 
so  that  a  zinc  is  where  a  copper  should  be,  then,  by  the  action  of  the  acid  < 
zinc,  polarization  in  the  wrong  direction  is  occasioned,  which  greatly  diminisl 
general  polarity  of  the  circle,  reducing  it  in  an  arrangement  of  ten  alternal 
one-fourth,  according  to  Mr.  Danicll. 

Voltaic  battery.  —  In  the  first  of  the  two  annexed  diagrams  (see  fig.  77)  L 
sented  a  compound  circle,  such  as  is  employed  to  produce  decomposition,  anc 
a  voltaic  battery,  consisting  of  three  acid  jars,  eacli  of  which  contains  a  % 
copper  plate,  and  which  arc  termed  active  cells,  as  they  are  sources  of  po 
power,  from  the  action  of  acid  upon  zinc  which  takes  place  in  them. 

In  the  second  diagram  (sec  fig.  78),  the  same  arrangement  is  repeated,  ^ 
addition  of  a  third  jar,  termed  the  decomposing  cell,  which  contains  any  binai 
liquid,  with  two  platinum  plates  immersed  in  it.  Each  copper,  it  will  be  i 
connected  by  a  wire  with  the  following  zinc ;  and,  in  the  first  diagram,  the  oo 
'.he  third  cell  C  is  immediately  connected  with  the  zinc  in  the  £st  cell  Z  by 
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>Qd  the  circuit  tbua  completed.  The  polar  elemcDts  In  the  circle  of  the  first  diagram, 
it  will  be  fuuDd,  arc  six  in  number;  namely,  the  three  acid  columns  between  ths 
metals  in  the  ccIIh  ah,  cd,  and  tfi  and  the  three  pairs  of  zinc  and  copper  plates, 
each  of  which  paira  forms  a  BJaglo  polar  element,  of  which  the  surface  of  the  ziaa 
ifl  the  nncous,  and  the  surface  of  tho  copper  the  chlorous  pole.  In  the  second 
diagram,  one  of  these  metallic  elements  Z  C"  ia  divided,  and  a  polar  liquid  g  h,  in 
the  cell  of  deconiposition,  interposed  between  the  broken  extremities  PI  and  PI'. 
To  Bsccrtaia  the  polar  condition  of  the  extrcmitici?,  or  the  tenninal  platinum  platca 
in  the  dcc«mpoNing  cell,  it  is  to  he  observed  that  IT  with  Z  fonns  one  polar  element, 
of  which  Z  being  a,  zincoua  pole,  Fl'  must  be  a  chlorous  pole.  Again,  Fl  with  C" 
forms  one  polar  element,  of  which  G"  being  a  chlorous  pole,  PI  must  be  o.  zincous 
pule.  Now,  the  platinum  plates  PI  and  Fl  ,  which  are  tuns  zincous  and  chlorons, 
are  disposed  in  the  decomposing  cell,  in  regard  to  one  another, — the  first  to  the  left, 
and  the  second  to  the  right,  as  the  zincous  and  chlorous  plates  (the  zinc  and  copper) 
also  arc  arranged  in  the  active  cells.  It  will  bo  convenient  to  distinguish  bj  niunea 
the  poles  which  these  terminal  platinum  plates  constitute,  as  they  arc  much  more 
frequently  referred  to,  and  of  greater  consequence  than  any  other  poles  in  tho  voltaio 
battery,  when  used  as  an  instrument  of  decomposition,  as  it  constantly  is.  The 
chlorous  plate  PI',  which  is  in  connexion  with  a  zinc  plate  Z,  may  be  called  tho 
rUoroid  (like  chlorine),  and  the  zincous  plate  I'l,  which  is  contiected  with  a  copper 
I^te  C",  may  be  called  the  xincoid  (like  zinc), — names  which  express  the  virtual 
properties  of  each  plate,  or  the  particular  attractive  power  and  affinity  which  each 
of  them  acquires  from  its  place  in  tho  circle. 

When  hydrochloric  acid  is  the  polar  liquid  interposed  between  these  plates,  chtiv 
line  is  of  course  attracted  by  the  surface  of  the  zmcoid,  and  discharged  there ;  and 
hydrogen  by  the  Ikce  of  the  chloroid,  and  discharged  upon  that  plate.  On  the  elo 
tncil  hypothesis,  the  aame  plates  ore  Tariously  denomioaled : — 
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The  zincoid  as  the  positive  pole^  the  positive  electrode,  the  anodei  if! 
code. 

The  chloroid  as  the  negative  pole,  the  negative  electrode,  the  cathal 
platinode. 

The  cell  of  decomposition  thus  interpolated  in  the  voltaic  circle  is  aa^ 
induction,  and  reacts  on  the  whole  series,  reducing  the  chemical  action  am 
of  hydrogen  in  each  of  the  active  cells  by  at  least  one-third.  In  that  nl 
itself,  the  amount  of  decomposition  is  necessarily  the  same  as  in  the  d 
Mr.  Daniell  found  the  chemical  action  reduced  to  one-tenth  in  a  series  of  c 
and. two  such  retarding  cells;  and  entirely  stopped  by  three  retarding  to  ai 
cells. 

OF  THE  SOLID  ELEMENTS  OF  THE  YOLTAIO  CIRCLE. 

The  elements  of  a  Voltaic  Circle  are  obviously  of  two  different  kinds— 
or  solid  portions,  through  the  substance  of  which  chemical  induction  ia] 
without  decomposition ;  and  the  liquids  in  the  cells,  which  yield  to  tin 
aud  suffer  decomposition.  In  reference  to  the  first,  it  is  to  be  observed  tib 
iron  and  one  or  two  other  metals  of  the  same  natural  family  arc  susccptil 
netic  polarity,  so  the  susceptibility  of  chemical  polarity  which  appears  in 
battery  is  not  possessed  by  solids  in  general,  but  is  confined  to  the  class  C 
which  zinc  belongs, — the  metals,  all  of  which  possess  it,  with  the  additioi 
in  the  form  of  charcoal,  and  certain  metallic  sulphides,  more  particuln 
phide  of  silver  when  heated.  Weak  solutions  of  the  alkaline  sulphides^ 
an  excess  of  sulphur,  also  admit  of  a  feeble  polarity  without  undergoing 
tion.  The  non-metallic  elements,  with  their  compounds,  the  oxides  andji 
metals,  are  destitute  of  this  power,  and  cannot,  therefore,  be  used  as  aoB 
of  the  circle.  A  body  available  for  this  purpose  is  termed  a  conductor  < 
trical  hypothesis,  a  name  which  may  be  retained  as  it  is  not  at  variaw 
function  assigned  to  the  metals  in  the  circle  viewed  as  a  chemico-polar  an 
Two  different  metals  are  combined  in  a  circle,  one  of  which  is  acted  on  bj 
and,  therefore,  called  the  active  or  the  positive  metal ;  while  the  other  j 
upon,  and  is,  therefore,  called  the  inactive  or  the  negative  metal ;  and  it  I 
been  stated,  that  the  more  easily  acted  on  by  the  liquid,  or  the  more  hig^ 
the  one  metal,  and  the  less  easily  acted  upon,  or  more  negative  the  other 
more  proper  and  efficacious  is  the  combination.  In  the  following  table  aei 
metals  arc  arranged  in  the  order  in  which  they  appear  positive  or  negal 
other,  when  acted  on  by  the  acid  fluids  commonly  employed  in  the  volti 
Each  metal  is  positive  to  any  one  below  it  in  the  table^  and  negative  t 
above  it 

Most  positive. 

Potassium. 

Sodium. 

Manganese. 

Zinc. 

Cadmium. 

Iron. 

Nickel. 

Cobalt. 

Lead. 

Tin. 

Bismuth. 

Copper. 

Silver. 

Mercury, 

Palladium. 
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CarboD. 

Platinum. 

Khodium. 

Iridium. 

Gold. 

Most  negative. 

• 

Zinc,  which  stands  high  in  the  list,  is  the  only  metal  which  can  be  used  with 
advantage  in  the  voltaic  battery,  as  the  positive  metal.  Although  closely  approach- 
ing zinc  in  the  strength  of  its  affinities,  iron  is  ill  adapted  for  the  purpose,  from  the 
impossibility  of  amalgamating  its  surface,  the  irregularity  of  its  structure,  and  cer« 
tain  peculiarities  of  this  metal  in  reference  to  chemico-polarity.  Platinum  forms  an 
excellent  negative  metal,  from  the  weakness  of  its  affinities,  and  is  generally  used 
for  the  plates  in  the  cell  of  decomposition.  Silver  also  is  highly  negative,  but  copper 
is  the  only  negative  metal  which  from  its  cheapness  can  be  used  in  the  construction 
of  active  cells  of  considerable  magnitude. 

Voltaic  prolection  of  metals. — But  although  the  difference  between  two  metals 
in  point  of  affinity  be  very  small,  yet  their  association  in  the  same  acid  always  gives 
a  decided  predominance  to  the  affinity  of  the  more  positive,  by  causing  the  surface 
of  the  other  to  become  chlorous,  and  therefore  wholly  inactive  in  an  acid  fluid.  A 
negative  metal  may  thus  be  protected  from  the  solvent  action  of  saline  and  acid 
liquids,  by  association  with  a  more  positive  metal ;  iron,  for  instance,  by  zinc,  as  in 
articles  of  galvanized  iron,  which  are  coated  with  the  former  metal.  The  process 
is  analogous  to  the  making  of  tin-plate.  The  surface  of  the  iron  (generally  sheet 
iron)  is  first  cleaned  from  all  adhering  oxide  by  a  dilute  acid ;  then  immersed  in  a 
weak  solution  of  tin,  with  fragments  of  metallic  tin,  according  to  the  improved 
practice  of  Messrs.  Morewood  and  Rogers,  by  which  the  iron  is  covered  by  a  film 
of  tin,  to  which  zinc  is  capable  of  adhering  more  uniformly  than  to  an  iron  surface. 
The  article  so  prepared  is  then  passed  once  through  a  bath  of  melted  zinc,  of  which 
the  surface  is  covered  by  the  fused  chl9ride  of  zinc  and  ammonium,  to  protect  the 
metal  from  oxidation.  It  thus  acquires  a  smooth  and  beautifully  crystallized  coating 
of  zinc.  Copper  is  protected  by  either  zinc  or  iron,  as  was  remarkably  illustrated 
in  the  attempt  made  by  Sir  H.  Davy  to  defend  the  copper  sheathing  of  ships  from 
corrosion  in  sea- water,  by  means  of  his  protectors.  These  were  small  masses  of 
iron  or  zinc  fixed  upon  the  ship's  copper,  at  different  points  under  the  water  line. 
They  completely  answered  the  purpose  of  protecting  the  copper,  but  unfortunately 
gave  rise  to  a  deposition  of  earthy  matter  upon  that  metal  to  which  barnacles  and 
8ea-weeds  attached  themselves,  and  thereby  diminished  the  facility  of  the  ship's 
motion  through  the  water.  The  more  recent  substitution,  by  Mr.  Muntz,  of  an 
alloy  of  60  parts  of  copper  and  40  of  zinc,  for  pure  copper,  has  proved  more  suc- 
cessful. In  acting  as  a  protecting  positive  metal,  zinc  necessarily  undergoes  corro- 
sion, but  more  slowly  than  might  be  expected.  On  zinced  articles  which  are  exposed 
to  the  air  only,  and  not  immersed  in  water,  a  film  of  suboidde  of  zinc  soon  appears; 
which  forms  a  hard  covering,  and  protects  the  metal  below  from  further  change. 

On  the  other  hand,  the  injurious  effect  of  association  with  a  negative  metal  in 
often  accidentally  illustrated,  as  in  the  corrosion  of  the  ends  of  iron  railings,  which' 
are  fixed  in  their  sockets  by  lead,  a  more  negative  metal.  In  dye-coppers,  an  iron 
Bteam-pipe  with  a  rose  of  lead  or  copper  is  quickly  destroyed.  Some  kinds  of  cast 
iron  undergo  a  rapid  corrosion,  when  exposed  to  sea-water,  the  carbon  acting  as  a 
negative  body  and  ultimately  remaining  in  the  form  of  plumbago  after  all  the  metal 
has  disappeared. 

A  weak  voltaic  circle  may  even  be  formed  of  a  single  positive  metal  in  an  acid, 
as  the  zinc  A  B  (fig.  79),  provided  the  surfaces  of  the  me.tal  exposed  to  the  acid  at 
A  and  B  are  in  different  conditions  as  to  purity  or  mechanical  structure,  and  there- 
fore unequally  acted  upon  by  the  acid;  whereupon  the  part  least  disposed  to  dissolve 
booomes  negative  to  the  other.     A  zinc  plate  may  also  be  unequally  acted  on  and 
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Fig.  79. 


£ 


Fio.  80. 


thrown  into  a  polar  state,  from  the  liqaid  in  wbicli  it  ialj 
mcrscd  varying  in  composition  and  activity  at  different  pd)| 
of  the  metallic  surface.  A  circle  may  thus  be  formed  of  | 
metal  A  Z  B,  with  two  liquids  A  E  and  E  B,  which  mil 
into  each  other,  and  form  together  one  polar  element  A  B 
The  two  metals  in  a  circle  have  generally  been  cxhifa| 
in  metallic  contact,  and  forming  together  one  polar  elemi 
but  they  may  be  separated,  as  are  the  zinc  and  copper  pb 
A  D  and  C  B  in  the  diagram  (fig.  80),  by  two  fluids,  i 
vided  these  fluids  are  such  as  a  strong  acid  at  A  B,  and 
iodide  of  potassium  at  D  C,  the  first  of  which  acts  f 
powerfully  on  zinc,  while  the  other  acts  very  feebly  u] 
that  metal  (unless  associated  with  copper);  so  that  of  the  consequent  oppoi 

inductions,  that  originating  at  A  greatly  exceeds  i 
overpowers  that  of  D.  It  is  likewise  necessary  that 
fluid  D  C  be  of  easy  decomposition,  so  as  to  yield  to 
polar  power  of  the  single  circle.  In  this  arrangem/ 
however,  it  is  obvious  that  the  zinc  itself  forms  a  comp 
polar  segment,  of  which  A  is  the  zincous,  and  D  the  c 
rous  pole ;  and  the  copper  also  an  entire  polar  scgo 
of  which  B  is  the  chlorous,  and  C  the  zincous  pole. 

The  preceding  table  exhibits  the  relation  which 
metals  enumerated  assume  to  each  other,  in  the  acid 
saline  solutions  usually  employed  as  exciting  fluids, 
the  relation  of  any  one  metal  to  another  is  not  the  same  in  all  exciting  fluids.  1 
when  tin  and  copper  are  placed  in  acid  solutions,  the  former  is  most  rapidly  com 
and  becomes  the  positive  metal,  according  to  its  position  in  the  series,  but  if 
are  put  into  a  solution  of  ammonia  which  acts  most  upon  the  copper,  then  the  1 
becomes  the  positive  metal.  Copper  is  positive  to  lead  in  strong  nitric  acid,  n 
oxidizes  the  fonner  most  freely,  whereas  in  dilute  nitric  acid,  by  which  the  le 
most  rapidly  dissolved,  the  lead  is  positive. 


LIQUID   ELEMENTS   OF   THE  VOLTAIC  CIRCLE. 

With  the  view  of  simplifying  the  statement  of  the  circular  decompositions  ti 
occur  in  the  voltaic  circle,  the  exciting  fluid  has  hitherto  always  been  supposi 
be  hydrochloric  acid  (chloride  of  hydrogen),  and  this  compound  is  a  fair  type  o 
class  of  bodies  which  possess  a  polar  molecule,  and  are  available  for  the  purpo 
bringing  these  changes  into  play.  The  exciting  fluid  is  always  a  saline  body  i; 
general  sense ;  that  is,  a  binary  compound  of  a  salt-radical  or  halogen,  such  as 
rine,  with  a  basyl,  such  as  hydrogen  or  a  metal.  The  chloride  of  copper,  chl 
of  sodium,  chloride  of  ammonium,  or  the  chloride  of  any  other  basyl,  may  be 
stitutcd  for  hydrochloric  acid,  although  not  all  with  the  same  advantage  j  an( 
chlorides  of  basyls  may  bo  replaced  by  their  iodides,  sulphionides  (sulphates), 
tionides  (nitrates),  and  salts  of  other  acids,  as  exciting  fluids,  provided  they 
the  condition  of  liquidity,  which  gives  mobility  to  their  particles,  and  penuits 
disposition  of  them  which  is  assumed  in  a  polar  chain.  The  liquids  which  yi< 
the  cell  of  decomposition  arc  of  the  same  nature,  possessing  always  a  binary 
molecule,  although  the  licjuid  which  forms  the  best  exciting  fluid  is  not  alway 
most  easily  decomposed  in  the  decomposing  cell. 

The  positive  metal  which  is  exposed  to  the  exciting  fluid  always  acts  in  one 
displacing  the  basyl  and  combining  with  the  halogen  of  that  body ;  in  the  m 
the  zinc  has  been  seen  to  liberate  hydrogen  and  combine  with  chlorine,  when  li 
chloric  acid  is  the  exciting  fluid.  The  positive  metal  is  thus  substituted  for  a  si 
basyl  in  a  pre-existing  saline  compound.  That  metal  may  dissolve  in  another 
ner,  by  uniting  directly,  for  instance,  with  free  chlorine  or  iodine  in  solutioi 
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then  no  polar  chain  is  formed.  Particles  of  chlorine  may  extend  from  the  zinc  to 
the  associated  negative  metal,  but  not  possessing  a  binary  molecule  they  have  no 
occasion  to  throw  themselves  into  a  polar  chain  in  order  to  act  upon  the  zinc,  as  the 
molecnles  of  hydrochloric  acid  require  to  do  in  the  same  circumstances.  The  par- 
ticlea  of  these  free  elements  appear  to  be  incapable  of  that  polar  condition,  having 
chlorous  affinity  on  one  side  and  zincous  on  the  other,  of  which  both  the  solid  and 
Liquid  constituents  of  the  voltaic  circle  must  be  susceptible.  Judging  from  the  uni- 
formity in  composition  of  exciting  liquids,  their  capacity  to  form  polar  chains  depends 
on  their  consisting  of  an  atom  of  basyl  and  an  atom  of  salt-radical,  which  are  respec- 
tively the  locus  of  zincous  and  chlorous  affinity  or  polarity.  Such  molecules  may  be 
looked  upon  as  in  a  state  of  tension  when  forming  a  part  of  a  polar  chain,  each  about 
to  divide  into  its  chlorous  and  zincous  atoms.  Mr.  Faraday  had  established  that  all 
exciting  liquids  are  binary  compounds  of  single  equivalents  of  salt-radical  and  basyl, 
or  proto-compoundsy  such  ad  hydrochloric  acid  itself,  proto-chloride  of  tin,  &c.  Other 
saline  bodies  which  are  per-compoundSy  such  as  bichloride  of  tin,  are  not  exciting  or 
polar,  because,  as  may  be  supposed,  they  are  not  naturally  resolvable  into  a  chlorous 
and  zincous  atom,  but  into  a  chlorous  atom  and  another  salt ;  the  bichloride  of  tin, 
for  instance,  into  chlorine  and  proto-chloride  of  tin.  Certain  compounds,  which  are 
deficient  in  the  saline  character  and  not  polarizable,  such  as  chloride  of  sulphur,  and 
the  liquid  chlorides  of  phosphorus  and  carbon,  have  been  enumerated  as  exceptions 
to  this  rule.     None  of  these  bodies,  however,  is  really  a  proto-compound. 

The  zinc  or  positive  metal,  too,  always  forms  a  proto-compound  in  dissolving, 
which  is  a  saline  body.  The  order  of  the  chemical  changes  in  the  exciting  fluid 
therefore  is  as  follows :  —  The  zinc  in  decomposing  a  binary  compound  and  forming 
a  binary  compound  liberates  an  atom  of  its  own  class ;  which  atom  repeats  the  same 
actions ;  supplying  at  the  same  time  another  atom  of  the  same  kind  to  act  in  the 
same  manner,  and  that  another,  from  the  zinc  to  the  copper  plate.  The  combining 
bodies  are  always  a  basyl  and  a  salt-radical,  and  therefore  only  two  kinds  of  attrac- 
tion or  affinity  arc  at  work  throughout  the  chain,  those  of  a  basyl  and  u  salt-radical, 
the  zincous  and  chlorous  affinities.  Hence,  in  the  present  subject  of  chemical 
polarity,  we  have  to  deal  with  but  two  attractive  forces,  the  zincous  and  the  chlorous, 
as  in  magnetism  with  but  two  magnetic  forces,  the  austral  and  the  boreal. 

On  the  electrical  hypothesis,  a  body  which  is  thus  decomposed  in  the  active  cells, 
or  in  the  cell  of  decomposition,  is  called  an  electrolyte  (decomposable  by  electricity), 
and  this  kind  of  decomposition  is  distinguished  as  electrolysis.  The  two  elements 
of  an  electrolyte,  which  travel  or  are  transferred  in  opposite  directions,  in  its  decom- 
position have  been  namdd  ions  (from  'ttov,  going) ;  the  halogen  which  travels  to  the 
positive  metal  or  terminal,  the  anion  (going  upwards),  and  the  basyl,  which  is  trans- 
ferred to  the  negative  metal,  or  terminal,  the  cation  (going  downwards).  Strictly 
chemical  expressions  equivalent  to  the  former  would  be  zincolyte  and  zincolysisy  the 
decompositions  throughout  the  circle  being  referred  to  the  affinity  of  zinc  or  the 
positive  metal. 

The  characters  of  the  two  constituents  of  an  electrolyte  may  be  shortly  noticed. 
The  class  of  basyl  constituents  is  composed  of  the  metals  in  their  order  as  positive 
metals,  beginning  with  potassium,  and  terminating  with  mercury,  platinum,  and  the 
less  oxidable  metals.  Ammonium  has  a  claim  to  be  introduced  high  in  this  list,  and 
should  probably  be  accompanied  by  the  analogous  basyl  of  the  aniline  class  of  bases 
and  of  the  vegeto-alkalies,  although  in  respect  to  the  decomposition  of  their  salts  in 
the  voltaic  circle,  we  have  little  precise  information.  Hydrogen  likewise  finds  a 
place  near  copper  in  this  class. 

At  the  head  of  the  halogen  constituents  of  electrolytes  may  be  placed  iodine  and 
the  other  members  of  the  chlorine  family.  These  are  followed  by  the  halogens  of 
the  sulphates,  nitrates,  carbonates,  acetates,  and  other  oxygen-acid  salts.  Sulphur 
iDUSt  be  allowed  to  follow  the  last,  as  the  salt-radical  of  the  soluble  sulphides,  and 
the  lowest  place  bo  assigned  to  oxygen,  as  the  salt-radical  of  the  soluble  metallio 
oxides  J  of  oxide  of  potassium,  for  instance,  and  of  water.     It  is  unusual  to  speak 
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of  oxygen  as  a  salt-radical,  and  of  caustic  potassa  and  water  as  Baits,  bat  the  Ui 
theory  of  salts  recognizes  no  essential  difference  between  the  chloride,  snlphidl 
atid  oxide  of  a  basyl,  the  oxide  being  connected  with  the  more  highly  saline  i 
pounds  through  the  sulphide,  and  £e  list  of  salt-radicals  forming  a  contin 
descending  series  from  iodine  to  oxygen. 

The  facility  of  decomposition  of  different  electrolytes  appears  to  depend  morel 
the  high  place  of  their  salt-radical,  than  upon  the  nature  of  their  other  constiti 
The  iodides,  for  instance,  as  iodide  of  potassium  and  hydriodic  acid,  are  the  i 
easily  decomposed  of  all  salts,  yielding  to  the  polar  influence  of  the  single  d 
Then  follow  the  chlorides,  —  chloride  of  lead,  fused  by  heat,  yielding  to  a 
moderate  power.  After  these  the  salts  of  strong  oxygen  acids,  such  as  sulpl 
and  nitrates  either  of  strong  bases,  such  as  potassa  and  soda,  or  of  weak  bases, 
as  oxide  of  copper  and  water  (the  hydrated  acids  are  such  salts).  The  carhoi 
and  acetates,  which  have  much  weaker  salt-radicals,  are  still  less  easily  decomp 
and  finally  oxides  are  decomposed  with  great  difficulty.  Water  itself  is  poll 
with  such  extreme  difficulty,  and  decomposed  when  alone  to  so  minute  a  dc 
even  by  a  powerful  battery,  as  long  to  have  left  its  claim  uncertain  to  be  consi 
an  electrolyte,  when  in  a  state  of  purity. 

Widely  as  the  more  characteristic  halogens  and  basyls  differ,  still  the  classei 
by  imperceptible  gradations  into  each  other,  and  form  portions  of  one  great  di 
scries.  Mercury  and  the  more  negative  metals,  although  clearly  basyls,  appc 
times  to  assume  the  salt-radical  relation  to  the  highly  positive  metals ;  such  a 
racter  is  evinced  in  mercury,  by  the  energy  with  which  it  unites  with  sodinn 
potassium,  and  by  its  function  in  the  amalgamated  zinc  plate  of  the  voltaic  i 
So  that  the  salt-radical  or  basyl  character  of  a  body  is  not  absolute,  but  alwayt 
tive  to  certain  other  bodies. 

The  addition  of  a  salt  or  acid,  even  in  minute  quantity,  to  water  in  the  c 
decomposition,  causes  the  copious  evolution  of  oxygen  and  hydrogen  mises  i 
zincoid  and  chloroid,  and  is  therefore  oft43n  spoken  of  as  facilitating,  by  its  prej 
the  decomposition  of  the  water,  in  some  way  which  cannot  be  explained.     Bi 
phenomena  are  unattended  with  difficulty  on  the  binary  theory  of  saline  I: 
When  sulphate  of  soda  exists  in  the  water  of  the  decomposing  cell,  it  may  b 
phionidc  of  sodium  which  is  decomposed,  SO4,  the  sulphate  radical  being  cvol 
the  zincoid,  and  sodium  at  the  chloroid.     But  the  sodium  having  a  strong  t 
for  oxycen  reacts  upon  the  water  at  the  pole,  forming  soda  and  liberating  hyd; 
which  therefore  appear  together ;  while  SO4  having,  as  a  high  salt-radical,  a  ] 
ful  affinity  for  hydrogen,  likewise  decomposes  water,  and  thus  evolves  oxygen,  ^ 
with  a  free  acid,  appears  at  the  zincoid.     A  solution  of  chloride  of  sodium  is  d 
posed  in  the  same  manner,  its  elements  chlorine  and  sodium  being  attracted 
zincoid  and  chloroid  respectively,  but  neither  of  these  elements  appearing  as 
Both  decompose  water,  and  thus  produce  oxygen  with  hydrochloric  acid 
zincoid,  and  soda  with  hydrogen  at  the  chloroid.     It  has  indeed  been  ascei 
that  the  polar  influence  which  apparently  effects  two  decompositions  in  these  c 
stances,  namely,  that  of  water  into  oxygen  and  hydrogen,  and  of  a  salt  into  i 
and  alkali,  is  no  more  in  quantity  than  is  necessary  to  decompose  one  of  these  1 
the  circulating  power  being  measured  by  the  quantity  of  fused  chloride  0 
decomposed  in  another  part  of  the  circuit  (Daniell).     There  can  be  little 
then,  that  only  one  binary  compound  is  immediately  decomposed,  and  that  tl 
sets  of  products  which  appear  at  the  terminals  are  the  results  of  secondary  i 
position.     Indeed,  the  decomposition  of  salts  in  the  voltaic  circle  is  suppc 
afford  considerable  support  to  the  salt-radical  theory  of  these  bodies  (page  15i 

Certain  salts  form  a  polar  chain,  or  conduct,  without  undergoing  decomp< 
in  a  way  which  cannot  at  present  be  explained,  particularly  the  iodide  of  m 
and  fluoride  of  lead,  both  fused  by  heat.  According  to  recent  observations 
Matteucci  many  other  fused  salts  conduct  to  a  greater  extent  than  is  iudica 
their  decomposition. 
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Secondary  decompositions.  —  The  products  of  voltaic  action  are  frequently  of  the 
Bccondarj  character  just  described,  the  original  products  being  lost  from  their  reac- 
tion upon  the  liquid  in  which  they  are  produced,  or  upon  the  substance  of  the 
metallic  terminals.     Thus,  salts  of  the  vegetable  acids  often  afford  carbonic  acid, 
and  salts  of  ammonia  nitrogen,  instead  of  oxygen,  at  the  positive  terminal  or  zinooid ; 
the  oxygen  liberated  having  reacted  upon  the  combustible  constituents  of  these 
bodies.     Nitrates,  again,  may  afford  nitrogen,  or  nitric  oxide,  at  the  negative  termi- 
nal or  cbloroid,  in  consequence  of  the  oxidation  of  the  hydrogen  evolved  there.  The 
naacent  condition  of  the  liberated  elements  favours  such  secondary  actions.     When 
the  zinooid  is  composed  of  a  positive  metal,  such  as  zinc  itself  or  copper,  the  chlorous 
element  is  absorbed  there,  combining  with  the  metal.     The  decomposition  of  a  salt 
is  also  then  much  easier,  the  action  of  the  circle  being  greatly  assisted  by  the  proper 
affinity  of  the  matter  of  the  zincoid  for  a  chlorous  body.     Indeed,  when  two  pieces 
of  the  same  metal  communicate  by  means  of  one  of  its  salts,  the  phenomena  are  the 
same  as  if  the  metallic  circuit  were  complete  (Faraday).     Insoluble  sulphides, 
clilorides,  and  other  compounds  of  a  positive  metal  acting  as  the  zincoid,  have  thus 
been  slowly  produced  in  a  single  circle  with  a  weak  exciting  fluid ;  which  products 
have  exhibited  distinct  crystalline  forms,  resembling  natural  minerals,  not  otherwise 
producible  by  art.     The  hydrogen  evolved  upon  a  platinum  chloroid,  immersed  in 
the  solution  of  a  copper  or  iron  salt,  may  also  reduce  these  metals  upon  the  surface 
of  the  platinum,  in  the  form  of  brilliant  octahedral  crystals.     In  the  active  cells 
themselves  a  secondary  decomposition  is  apt  to  occur,  the  hydrogen  evolved  decom- 
posing the  salt  of  zinc  which  accumulates  in  the  liquid,  and  occasioning  a  deposition 
of  that  metal  upon  the  copper  plate ;  an  occurrence  which  may  determine  an  oppo- 
site polarity,  and  cause  the  action  of  the  circle  to  decline.    But  on  disconnecting  the 
sine  and  copper  plates,  the  foreign  deposit  upon  the  latter  is  quickly  dissolved  off  by 
the  acid.     The  inconvenience  of  this  secondary  decomposition  in  the  exciting  cells 
is  avoided  by  dividing  the  cell  into  two  compartments,  by  a  porous  plate  of  earthen- 
ware interposed  between  the  zinc  and  copper  plates.     The  salt  of  zinc  formed  about 
that  metal  is  prevented  from  diffusing  to  the  copper,  by  the  diaphragm,  although  it 
allows,  from  its  porosity,  a  continuity  of  liquid  polar  molecules  between  the  metals. 
J^  polar  liquids  separated  by  a  porous  diaphragm. — The  liquids  on  either 
side  of  the  porous  division  may  also  be  different,  provided  they  have  both  a  polar 
molecule.     Thus,  in  fig.  81,  the  polar  chain  is  composed  of  molecules  of  hydrochloric 
acid,  extending  from  the  zinc  to  the  porous  division  at  a ;  and  of  molecules  of  chlo- 
ride of  copper,  from  a  to  the  copper  plate.     When  the  CI  of  molecule  I  unites  with 
cine,  the  H  of  that  molecule  unites  with  the  CI  of  molecule  2  (as  indicated  by  the 
connecting  bracket  below),  the  H  of  molecule  2  with  the  CI  of  molecule  3,  the  Cu 
of  molecule  3  ?rith  the  CI  of  molecule  4,  and  the  Cu  of  this  molecule;  being  the  last  # 

FiQ.  81. 


Copper 
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in  the  chain,  is  deposited  upon  the  copper  plate.  Dilute  sulphuric  acid,  in  oi 
with  an  amalgamated  zinc  plate,  and  the  same  acid  fluid  saturated  with  solpU 
copper,  in  contact  with  the  copper  plate,  are  a  combination  of  fluids  of  most  fre^ 
application.  In  such  an  arrangement,  the  formation  of  small  gas  bubbles  upa 
negative  plate,  which  makes  its  contact  with  the  acid  fluid  imperfect,  is  avoided] 
the  surface  of  that  plate  is  kept  clean  and  entirely  metallic  by  the  constant  di 
tion  of  fresh  copper  upon  it.  The  copper  is  deposited  in  a  coherent  state,  and  J 
a  plate,  which  may  be  stripped  off  from  the  original  copper  after  attaiaioi 
desired  degree  of  thickness,  —  and  presents  an  exact  impression  of  the  surface  i 
latter.  In  the  operation  of  electrotyping,  the  article  to  be  copied  is  so  placed 
copper  solution  as  the  negative  plate  of  a  voltaic  pair,  being  first  made  conducts 
not  metallic  and  already  so,  by  rubbing  its  surface  over  with  fine  plumbago, 
a  negative  plate  of  platinum,  undiluted  nitric  acid  may  be  used  in  the  place  ( 
acid  solution  of  copper  in  the  last  arrangement,  with  oil  of  vitriol,  diluted  wit] 
or  five  times  its  bulk  of  water,  about  a  positive  plate  of  amalgamated  zinc, 
polar  molecules  will  be,  on  the  binary  theory  of  salts,  NOe+H,  in  the  formei 
SO4  -f  II,  in  the  latter  fluid.  The  hydrogen  is  also  here  entirely  suppressed 
negative  plate,  uniting  with  the  fifth  equivalent  of  oxygen  in  nitric  acid  to 
water,  which  is  attended  with  the  evolution  of  peroxide  of  nitrogen,  NO*. 
solution  of  the  zinc,  with  such  an  arrangement  of  fluids,  appears  to  give  the 
intense  polarization  that  can  bo  attained. 

JlpfJication  of  the  voltaic  circle  to  chemical  synthesis, — The  liquid  1 
decomposition  cell  may  be  divided  by  a  porous  diaphragm  placed  between  the 
num  plates,  which  form  the  zincoid  and  the  chloroid  in  a  similar  manner,  ai 
synthetical  results  of  the  voltaic  action  be  had  more  readily  apart  from  each 
With  a  solution  of  chlorate  of  potassa  between  the  plates,  it  is  found  that  lb 
gen,  instead  of  being  evolved  at  the  positive  pole  as  gas,  is  communicated 
chlorate  of  potassa  there,  and  converts  it  into  perchlorate  (Berzelius).     In  a  » 
of  chloride  of  potassium,  even  when  rendered  acid  by  sulphuric  acid,  chloral 
afterwards  perchlorate  of  potassa  were  found  at  the  positive  pole  (Kolbo). 
centratcd  solution  of  chloride  of  ammonium  evolves  hydrogen  at  the  negative 
but  neither  oxygen  nor  chlorine  at  the  positive  pole.     But  the  surface  of  the 
num  plate  representing  the  latter  pole  is  covered  with  small,  yellow,  oily  di 
chloride  of  nitrogen,  which,  as  soon  as  the  two  poles  are  brought  into  c 
decompose  with  explosion  (Kolbc).     A  solution  of  the  yellow  prussiate  of  ; 
is  converted  into  the  red  prussiate  by  the  action  of  the  oxygen  at  the  positii 
(Smee).     Dr.  Kolbc  oxidized  the  cyanide  of  potassium  in  the  same  mann 
converted  it  into  cyanate  of  potassa,  but  did  not  succeed  in  obtaining  a  perci 
i>  nor  did  he  succeed  in  forming  a  fluorato  of  potassa  from  the  fluoride  of  potass 
the  same  means  (Mem.  of  the  Chem.  Soc.,  vol.  iii.  p.  287).     The  decomposi 
a  concentrated  neutral  solution  of  valerianate  of  potassa  in  the  cold  gave  a  \ 
car  bo- hydrogen,  Cgllg,  of  double  the  density  of  defiant  gas,  and  what  appei 
be  a  new  ether,  containing  CgHj  less  than  amylic  ether.     Such  transfomiatioi 
the  series  of  one  alcohol  to  that  of  another  are  of  great  importance,  and  the  at 
them  by  voltnic  action  highly  interesting.     Six  pairs  of  Bunsen's  carbo-zinc 
were  employed  in  these  decompositions,  and  the  action  continued  for  sever 
(Kolbe,  Memoirs  of  the  Chemical  Society,  vol.  iii.  p.  378). 

Transference  of  the  ions.  —  With  a  double  diaphragm  cell,  in  which  th< 
between  the  poles  was  divided  into  three  portions,  Messrs.  Daniell  and  JMill 
enabled  to  make  some  singular  observations  on  the  transfer  of  the  ions  an 
accumulation  at  the  poles.  With  a  neutral  salt  of  the  potassium  family  (1 
sulphate  of  soda),  for  one  equivalent  of  salt  decomposed,  half  an  equivalent 
acid  is  added  to  the  division  of  the  cell  containing  the  positive  pole,  and 
equivalent  of  free  alkali  to  the  division  containing  the  negative  pole  —  the 
of  transference  which  the  polar  decomposition  requires :  but,  with  a  salt  of  tl 
nesian  family  (such  as  sulphate  of  zinc),  while  the  acid  travels  as  usual  to  t 
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ire  pole  and  accumulates  there,  no  corresponding  transference  of  oxide  of  zinc 
akes  place  in  the  opposite  direction.  This  seems  to  imply  that  water  travels,  as 
xise,  instead  of  oxide  of  zinc.  All  the  magnesian  salts  retain  one  equivalent  of 
fater  very  strongly  j  and,  in  the  polar  chain,  probably  assume  this  water  as  their 
>a8e,  so  as  to  become  equivalent  to  hydrated  acids  in  solution.  In  the  decomposi- 
ion  of  salts  of  oxide  of  ammonium,  the  ammonia  also  appears  passive,  and  does  not 
nove  towards  the  negative  pole,  although  the  acid.of  the  salt  travels  as  usual 
owards  the  positive  pole.  The  water,  which  is  essential  to  the  salts  of  oxide  of 
immonium,  appears  to  be  here  again,  the  base  which  travels ;  and  in  a  polar  chain 
^z tending  through  a  salt  of  ammonia,  such  as  the  sulphate  of  ammonia,  we  have 
probably  sulphate  of  water  as  the  polar  molecule ;  the  ions  being  SO4  and  H ;  not 
5O4  and  NH,.' 

Voltaic  endosmose.  —  It  was  first  observed  by  Mr.  Porrett,  that  in  the  decompo- 
ntkm  cell,  divided  into  two  chambers  by  a  permeable  diaphragm  of*  wet  bladder  or 
x)rous  earthenware,  the  liquid  tends  to  pass  from  the  chamber  containing  the  positive 
:erniinal  plate  into  that  containing  the  ne^tive  terminal,  so  as  to  rise  at  times  seve- 
•al  inches  in  the  latter  above  its  level  in  the  former  (Annals  of  Philosophy,  1816). 
This  accumulation  of  liquid  at  the  negative  pole  is  only  considerable  with  liquids 
)f  an  inferior  conducting  power,  that  is,  of  difficult  decomposition,  and  is  greatest  in 
5ure  water. 

The  transfer  takes  place  of  a  large  quantity  of  water  with  the  hydrogen  of  the 
legative  pole,  as  if  the  ions  were  0  on  the  one  side,  and  11  + Water  on  the  other, 
[n  a  polar  molecule,  such  as  this  implies,  we  must  have  an  aggregation  of  many 
itoms  of  water  forming  one  compound  polar  atom.  Let  us  suppose  six  atom^  of 
fatcr  associated  HgO,;  the  polar  molecule  will  be  11,05  + 0,  i°  which  H^Ofi  is  the 
>asyl,  and  0  the  salt-radical.  Taking  advantage  of  the  graphical  representation  of 
}uch  a  compound  molecule  by  a  polar  formula  (page  168),  in  which  the  letters 
exhibit  the  relative  position  of  the  constituent  atoms,  we  have  — 


Positive  Pole. 


12    3    4    6    6 
0  0  0  0  0  0 

H  H  H  H  H  H 


Negative  Pole. 


rbe  oxygen  1  is  alone  attracted  by  the  positive  metal  or  pole  with  which  it  is  in 
xmtact,  while  hydrogen  (1)  being  so  far  relieved  from  the  attraction  of  its  own 
>xygcn,  comes  under  the  influence  of  oxygen  2,  3,  4,  5,  and  6.  As  the  salt-radical 
0  (I)  separates,  we  have  thus  the  temporary  formation  of  the  basylous  atom  — 

0   0    0   0   0^  or  Os- 
H  H  H  H  H  h'        He 

But  instead  of  involving  six  atoms  of  water,  as  in  this  illustration,  the  compound 
[wlar  molecule  may  embrace  hundreds  or  thousands.  It  will  always  be  represented 
>y  H,0|»_,  +  0;  HnO^,  being  the  basylous  atom  which  is  transferred  to  the  nega- 
ivc  pule,  and  0  the  salt-radical  atom  which  is  transferred  to  the  positive  pole.  It 
ippcars  to  be  by  a  polarization  of  this  sort  that,  in  bad  conductors,  mass  compensates 
fur  conducting  power;  as  in  the  return  current  of  the  electric  telegraph  through  the 
>arth,  where  the  resistance  is  found  to  be  even  less  than  in  the  metallic  wires; 
odced,  quite  inappreciable. 

It  is  found  by  Mr.  J.  Napier  that  the  passage  of  a  salt  without  decomposition, 
luch  as  sulphate  of  copper,  from  the  positive  to  the  negative  division  of  the  decern- 
r>osition  cell,  may  take  place  independently  of  the  water  in  which  it  is  dissolved,  and 
»  a  greater  proportional  amount  (Mem.  Chem.  Soc.  ii.  28).  This  unequal  move- 
Dent  of  the  salt  and  water  proves  that  the  phenomenon  is  not  simply  a  flowing  of 

>  Professors  DanidI  and  Miller,  '*  On  the  ElectrolyBia  of  Secondary  Compounds,"  in  the 
ndlosophical  TraD«acttons,  1844. 
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the  liquid  towards  the  negative  pole ;  and  it  allows  us  to  suppose  tliat  ari 
polar  molecule  may  be  formed  of  many  atoms  of  a  salt,  as  well  as  of  mi 
only  in  dilute  saline  solutions  that  the  voltaic  endosmoso  is  perceptible,  i 

VOLTAIC  CIRCLES  WITHOUT  A  POSITIVE  METAL. 

If  we  dip  together  into  an  acid  fluid  two  platanum  plates,  one  clean,  and! 
coated  with  a  film  of  zinc  or  highly  positive  metal,  we  have  the  speedy  i 
the  positive  metal  by  the  usual  polar  decomposition,  and  hydrogen  transfin 
opposite  platinum  plate.  It  appears  that  hydrogen,  sulphur,  phosphorus, « 
other  oxidable  substances,  will  originate  a  polar  decomposition  in  water  o 
fluid,  when  associated  with  platinum,  in  the  same  manner  as  the  zinc  is 
experiment ;  and  circles  may  thus  be  formed  without  a  positive  metal, 
metallic  but  oxidable  elements  enumerated  cannot  be  substituted  in  masi ; 
the  positive  metal,  because  they  are  non-conductors ;  but  in  the  thinnest 
are  not  so,  if  we  may  judge  from  experiments  of  this  kind,  and  become  i 
valent  to  metals.  Farther,  with  chlorine  or  any  other  strongly  halogenoi 
dissolved  in  water,  and  placed  in  contact  with  one  of  the  platinum  platet| 
other  is  clean,  we  may  have  a  polarization  orimnating  with  the  chlorine,  al 
the  transfer  of  the  oxygen  or  salt-radical  of  the  interposed  water,  or  salii 
the  clean  platinum.  Nothing  like  this  is  witnessed  in  the  voltaic  coml 
two  metals ;  it  is  equivalent  to  an  action  in  which  the  copper  or  negi 
ori^nated  the  polarization  by  its  affinity  for  the  hydrogen  or  basylous  con 
the  polar  liquid. 

1.  With  hydrogen  gas  dissolved  in  the  acid  fluid  of  one  chamber  of  t' 
cell,  and  air  or  oxygen  in  the  other,  polarization  occurs  on  uniting  thi 
plates,  attended  with  the  oxidation  of  the  hydrogen  and  disappearance  of 
(Schonbein).  Viewing  this  arrangement  as  a  simple  circle,  consisting  c 
and  metallic  segment  (page  194),  we  have  to  consider  particularly  the  oi 
of  the  terminal  polar  molecules  at  either  end  of  the  metallic  segment  — 
with  hydrogen  must  form  the  one  at  the  positive  pole,  and  platinum  wi 
the  other  at  the  negative  pole :  — 

(1)  Pt  H  0  Pt 

—  -f  acid  f- 

These  are  equivalent  to  the  external  molecules  of  the  two  metals,  zinc  a 
in  the  usual  voltaic  arrangement,  which  are  composed  in  that  case  of  twc 
zinc  on  the  one  side,  and  two  atoms  of  copper  on  the  other  (fig.  70,  page 

(2)  Zn  Zn  Cu  Cn 

—  -f  acid  —   -I- 

The  peculiar  superiority  of  platinum,  as  the  single  metal,  in  arrangemc 
present  class,  depends  upon  its  strictly  intermediate  character  between  1 
halogens,  so  that  it  lends  itself  to  form  a  polar  binary  molecule  equally  n 
gen  or  oxygen  in  (1),  —  with  both  basyl  and  salt-radical. 

The  intermediate  liquid  (the  acid)  must  be  a  binary  compound  as  usn 
the  positive  hydrogen  combines  with  the  salt-radical  of  that  binary  com| 
sends  its  hydrogen  or  basyl  to  the  second  or  opposite  plate ;  while  the 
that  plate  decomposes  the  binary  liquid  also,  sending  back  oxygen  or  salt 
the  hydrogen  of  the  first  plate.  There  are,  therefore,  two  concurring  pc 
in  every  polar  chain,  tending  to  bring  about  simultaneously  the  same  cai 
and  decompositions  throughout  the  circle :  hydrogen  enters  into  combinat 
one  side,  and  oxygen  on  the  other,  in  one  and  the  same  polar  chain.  C 
of  concurring  primary  zincous  and  chlorous  polarizations,  exhibited  is 
arrangement,  offers  a  new  means  of  increasing  polar  intensity,  entirely  diffi 
the  multiplication  of  couples  in  the  compound  circle^  of  which  the  appli 
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obBcrvod  aflcnrtrdH  in  the  nitric  acid  battery  of  Jlr.  Grove,  The  tetupo- 
bination  of  hydrogen  with  copper,  the  former  as  the  bosyloua  and  the  latter 
ilogeDous  element  of  one  polar  molecule,  which  it  is  necessary  to  assume  in 
ig  the  circular  polarity  of  the  ordinary  voltaic  circle  (page  194),  is  quite  in 
cc  with  the  relation  of  hydrogen  to  platinum  in  the  present  circles. 
circle  of  still  higher  power  h  formed  with  chlorine  gas,  dJB»)lved  in  the 
chamber,  against  hydrogen  in  the  positive  chamber  of  the  divided  celL 
1  terminal  polar  molecules  of  the  mctuUic  eegmcnt  arc : — 

(3)  PtH  ClPt 

—  +  — + 

ffammalion  of  mixed  hydrogen  and  oxygen  bi/  plalinttm. — There  is  every 
>  believe  that  the  remarkable  action  of  clean  platinum,  both  in  the  form  of 
.nd  of  platinum  sponge,  in  disposing  a  mixture  of  oxygen  and  hydrogen  ia 
}us  state  to  unite,  is  the  same  in  nature  as  its  action  upon  these  elements 

and  in  solution  in  wa1.;r.  In  the  former,  as  in  the  latter  case,  a  polar  chain 
angc  itself  in  the  platinum  mass,  of  which  one  terminal  molecule  ia  platinide 
igcn,  and  the  other  oside  of  platinum  (3).  A  less  certain  point  is,  whether 
a  is  completed  by  the  interposition  of  a  binary  molecule  of  water  already 
between  the  polar  II  and  0;  or  these  atoms  come  immediately  into  contact, 
3  the  circle,  without  the  intervention  of  any  compound  polar  molecule. 
■u-baltery. — The  gas-batlery  of  Mr.  Grove  belongs  to  this  class  of  voltaio 
oents.  It  is  essentially  an  apparatus  in  which  a  supply  of  both  negative 
tive  gas  is  kept  over  the  liquid  at  each  plate,  to  supply  loss  by  absorption. 
e  circle  consists  of  a  bottle  (tig.  82),  containing  a  dilute  acid,  with  two  tubes 
;h  oxygen  and  hydrogen  respectively,  and  placed  in  two  openings  in  the 
The  platinum  plates  contained  in  these  tubes 
e  rough  by  adhering  reduced  spongy  pbtinum, 
n.iblcs  them  also  to  retain  the  better  on  their 
I  portion  of  the  acid  fluid  into  which  they  dip. 

plates  are  connected  by  a  wire  above  the  tubes, 
i  represented  in  the  figure  aa  carried  round  a 
!  needle,  to  obtain  evidence  of  polarization  in 
.  Here,  as  in  (2),  tlic  gases  only  act  when  in 
»ilh  the  platinum  surface  and  taking  a  part  ia 
linal  polar  molecule,  and  also  when  covered  by 
rhieh  is  necessary  to  complete  the  polar  chain 
the  terminal  polar  molecules  on  each  side.  The 
the  tubes  are  supplementary,  and  do  not  take  a 
he  polar  cIiMn.  The  modifications  of  this  baU 
ere,  instead  of  hydrogen  gas,  sulphur  or  pbos- 
vaporized  in  nitrogen  gas,  or  a  gaseous  hydro 
is  placed  at  the  positive  pole,  are  of  the  sami 
r,  and  only  act  by  supplying  a  film  of  an  oxida-  " 
,  Buch  as  sulphur,  or  phosphorus,  to  the  surface 
iatinura,  capable  of  forming  the  positive  element 
J  molecule  with  that  melal.  This,  again,  must 
ed  by  the  binary  acid  fluid,  in  order  to  commu- 
j  a  polar  chain  with  the  oxygen  of  the  terminal  /i? 
1  of    platinum    and    oxygen   in   the   negat'™  r 

of  the  divided  cell.     (Grove,   on   the    ( 
Battery :  Philosophical  Transactions,  1843  and 

jscly  resembling  these  circles  is  that  in  which  one  of  the  platinum  plates  19 
by  a  film  of  peroxide  of  lead  or  peroxide  of  manganese.  The  platinum 
T  be  BO  prepared  by  making  it  the  negative  terminal  for  a  short  time  in  a 
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solution  of  acetato  of  lead  or  of  protosulphate  of  manganese.     In  an  add 
which  is  capable  of  dissolving  the  protoxide  of  lead  or  manganese,  pel 
occurs,  the  excess  of  oxygen  of  the  attached  peroxide  forming  with  platinum  a 
molecule,  in  which  the  oxygen  is  the  chlorous  element.    This  decomposes  the 
molecule  of  the  acid,  or  water,  causing  the  transference  of  the  salt-radical  or 
to  th&  clean  platinum  pkte,  where  it  may  be  evolved  as  gas.     This  most  nea 
sembles  the  case  with  chlorine — water  at  one  pktinum  plate,  which  cai 
evolution  of  oxygen  at  the  other  platinujn  plate ;  the  only  source  of  polarizing  |j 
in  the  circle  being  a  chlorous  affinity. 

6.  By  much  the  most  powerful  voltaic  arrangement  of  thb  class  is  that  in  i 
one  chamber  of  the  divided  cell  is  charged  with  a  solution  of  sulphide  of  potaif 
and  Che  other  chamber  with  strong  nitric  acid.'  Here  we  have  two  conov 
sources  of  polarization  in  one  polar  chain,  namely,  the  affinity  of  sulphur  for  ox* 
tending  to  transmit  hydrogen  in  one  direction,  and  the  easy  decomposition  of  ] 
acid  into  N  O4  and  0,  supplying  oxygen  to  the  surface  of  the  platinum,  which  1 
a  chlorous  clement  in  the  opposite  direction.  The  terminal  polar  molecules  a 
metallic  segment  of  the  circle  are  — 

(4)  Pt  S 0  Pt 

—  +  — + 

With  a  single  pair  of  plates  so  charged,  water  may  be  decomposed.  The  i 
is  equally  powerful  with  chlorine  substituted  for  the  nitric  acid.  Such  combin 
of  fluids  may  be  greatly  varied :  all  that  is  necessary  is  an  oxidable  substance  ) 
plate,  and  an  oxidizing  substance  at  the  other.  In  the  first  class  are  protoai 
iron,  tin  and  manganese,  sulphides,  sulphites,  hyposulphites;  in  the  second, 
rine,  nitric,  chromic  and  manganic  acids,  and  persalts  of  iron  and  tin.  Takio 
toxide  of  iron  against  peroxide  as  an  example  of  these  cases,  the  terminal  mol 
of  the  metallic  segment  may  be  represented  as — 

(5)  Pt  Fe  0  Pt 

—  +  — + 

It  is  true  we  have  no  evidence  of  the  actual  separation  of  the  iron  or 
oxygen  upon  the  platinum  surface ;  still  there  is  reason  to  believe  such  a  poln 
be  established,  assisted  by  secondary  affinities ;  the  oxygen  of  the  protoxide  ( 
passing  over  to  an  adjoining  double  molecule  of  protoxide,  and  converting 
peroxide,  to  allow  the  metal  to  join  in  a  polar  molecule  with  the  platinum, 
same  time,  the  peroxide  of  iron  at  the  negative  plate  may  become  protoxide 
its  oxygen  is  engaged  in  forming  a  polar  molecule  with  the  platinum.     But 
tensity  of  polarization  with  the  salts  of  iron  against  each  other  is  feeble  coi 
with  that  of  chlorine  or  nitric  acid  against  an  alkaline  sulphide.     In  all  thes 
the  polar  circle  must  be  completed  by  a  saline  compound  in  the  liquid  or  1 
which  may  serve  as  the  means  of  connecting  the  terminal  molecules  descri 
the  platinum  plates,  and  by  metallic  polar  molecules  through  the  wire  con 
the  platinum  plates. 

It  was  supposed  by  M.  Bccquerel  that  a  circle  of  the  present  description 
formed  in  which  the  affinities  are  those  of  an  acid  for  an  alkali :  the  acid  ai 
line  solutions  being  separated  by  porous  baked  clay,  which  leaves  them  in  fre< 
contact,  although  their  actual  mixture  proceeds  with  extreme  slowness.  So 
acid  and  potassa,  however,  are  generally  admitted  to  be  nearly  or  altogether  in 
of  producing  this  cffi^ct,  while  acids  which  part  readily  with  oxygen,  such  f 
chloric,  chromic,  or  nitric  acid,  with  an  alkali,  produce  a  powerful  effect 
polarization  may  be  referred  to  the  oxygen  of  the  acids,  in  these  last  cascf 
negative  terminal,  and  is  a  chlorous  affinity.     It  may  possibly  be  often  assi 

1  Mr.  A.  R.  Amott,  on  **Some  New  Cases  of  Yoltiuo  Action;"  Memoirs  of  th 
800.  i.  142. 
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rate  quantities  of  ammonia,  organic  or  other  oxidizabic  matter,  at  the  posi 
ninal  in  the  alkaline  solution.    (Becqucrel,  Elements  d'Electro-Chimie,  184c 
Theoretical  considerations. — Tne  facility  with  which  circular  decompositi 
e  place,  and  the  necessity  of  their  occurrence  in  the  action  of  binary  compoun 
Ich  was  explained  under  the  atomic  exhibition  of  a  double  decomposition  at  pa 
>,  are  undoubtedly  the  key  to  the  great  stimulus  to  chemical  activity,  which  t 
taic  arrangement  affords.     Reverting  to  the  original  illustration  of  the  action  < 
irochlorio  acid  upon  Eine,  it  may  be  observed  that  zinc  has  a  strong  attraction  f( 
orine,  and  would  combine  at  once  with  that  element  if  the  latter  were  free,  witl 
foreign  aid  of  any  kind.     But  with  the  chlorine  of  hydrochloric  acid  the  case  I 
'crent     That  chlorine  is  already  combined  and  strongly  retained  by  its  owi 
irogen  :  to  enable  the  chlorine  to  enter  into  a  new  combination  we  must  relieve 
Rpom  this  attraction,  by  engaging  otherwise  the  aflSnity  of  the  hydrogen.     The 
itrivance  of  the  voltaic  circle  is  to  present  another  halogen  to  the  hydrogen,  and 

15  divert  its  affinity  from  the  chlorine — the  latter  being  thereby  left  free  to  com- 

16  with  the  zine.  This  requires  a  train  of  similar  decompositions  passing  round  a 
ile  to  the  zinc,  illastrated  in  diagram  70  of  page  194 ;  and  which  ends  in  re- 
ring  the  external  combining  atom  of  zinc  from  the  attraction  of  even  the  conti- 
)us  atom  of  the  same  kind ;  thus  dissolving  the  attraction  of  aggregation  in  the 
tal,  and  resigning  the  external  atom  of  zinc  entirely  to  the  attraction  of  the 
lally  relieved  chlorine.  It  is  entirely,  therefore,  because  the  agent  applied  to  the 
e  is  a  binary  compound,  and  not  a  free  element,  that  this  circular  mode  of  action 
aeoessary. 

It  is  to  be  remarked  in  explanation  of  the  facility  with  which  the  mutual  combi- 
dons  and  decompositions  in  a  circular  chain  occur,  that  they  do  not  necessarily 
isume  any  power  or  occasion  waste  of  force.  They  may  be  compared  to  the 
irement  of  a  nicely  balanced  beam  on  its  pivot,  or  the  oscillation  of  a  pendulum, 
which  the  motion  is  equal  in  two  opposite  directions,  and  requires  only  the  mini- 
m  of  effort  to  produce  it. 

''arther,  it  is  not  to  be  supposed  that  zinc  dissolves  by  a  circular  action  of  affinity, 

'  when  a  negative  metal  is  attached  to  it,  and  a  voltaic  circle  purposely  con- 

;ted.     For  this  positive  metal  never  appears  to  dissolve  in  hydrochloric  acid  in 

7ther  manner ;  the  formation  of  little  polar  circles  in  the  fluid,  starting  from  one 

.  of  the  metallic  mass  and  returning  upon  another,  being  always  required  for  its 

'x)n  (page  195).     In  the  solution  of  zinc,  therefore,  by  a  binary  saline  body, 

as  hydrochloric  acid,  the  circular  or  voltaic  polarization  is  the  necessary,  as  well 

!  most  effective  mode  of  action  of  chemical  affinity. 

}  molecular  condition  of  conductors,  such  as  carbon  and  the  metals,  in  a  voltaic 

appears  to  be  that  of  polymeric  combination.     Their  atoms  must  be  feebly 

18  and  chlorous  to  each  other ;  the  distinction  possibly  depending  upon  ine- 

in  their  proportions  of  combined  heat,  and  mountain  the  relation  of  combina* 

Again,  many  of  these  binary  molecules  are  associated  together  like  the  many 

atoms  of  carbon,  or  of  hydrogen,  which  we  find  associated  in  the  polymeric 

rbons.    The  whole  must  be  held  together  by  their  chemical  affinities,  and 

"egation  of  the  mass  be  the  final  resultant  of  the  same  attractions.     The 

adon  of  the  polar  condition  in  two  metals,  by  the  mere  application  of  heat 

0  their  junction,  requires  the  assumption  of  the  sali-molecular  structure  of 

ind  the  other  proposition,  that  affinity  passes  into  aggregation,  is  equally 

to  account  for  the  polar  (or  electrical)  effects  which  are  produced  by  fric- 

rasion,  as  they  appear  to  extend  to  the  division  of  chemical  molecules. 

mulative  nature  of  chemical  combination  is  well  illustrated  in  such  com- 

the  acid  hydrates  —  in  dilute  sulphuric  acid,  ibr  instance,  where  we  find 

f  acid  uniting  with  more  and  more  atoms  of  water,  with  a  decreasing 

\  without  any  assignable  limit  to  their  number.     It  is  worthy  of  remiurk 

ds  are  bodies  with  chlorous  or  negative  atoms,  and  theur  peculiar  affinity 
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in  excess.    The  polar  formula  for  sulphuric  acid  (page  168)  is  ~ ;  or  three  ij 

S  ^ 

live  to  one  positive  atom.     By  the  apposition  of  a  single  binary  molecule  of  if 
sulphate  of  water  is  produced,  3^,  in  which  the  excessive  proportion  of  cUl 

atoms  and  affinity  in  the  compound  is  in  some  degree  diminished,  the  formula  I 
latter  presenting  four  negative  to  two  positive  atoms.    The  apposition  of  mon 
more  molecules  of  water  is  determined  by  this  excess  of  chlorous  affinity,  whi 
tends  to  neutralize;  the  constant  difference,  or  excess  of  two  chlorous  ovtf 
number  of  basylous  atoms,  becoming  proportionally  less  with  large  numbers  of  1 
molecules  of  water.     All  the  magnesian  bases  appear  to  assume  water  to  aaii 
neutralizing  their  acid  in  the  same  manner,  and  retain  one  equivalent  of  this 
in  general  very  strongly.     In  the  formation  of  a  polar  chain  through  a  solutioi 
sulphate  of  this  class,  we  have  had  reason  to  suppose  that  the  sulphuric  acid  a 
itself,  for  the  time,  to  the  water  rather  than  the  metallic  oxide  as  its  base  (page 
The  phenomena  of  voltaic  endosmose  were  also  found  to  favour  the  idea  < 
polarization  of  highly  aggregated  molecules,  in  which  the  binary  molecule  was 
sented  by  a  single  atom  of  chlorine  or  salt-radical,  against  a  single  atom  of  hji 
or  metal  associated  with  a  large  number  of  atoms  of  water,  which  constituted  tq 
the  basylous  atom.     The  application  of  polar  formulae  to  the  explanation  of  ' 
decompositions  of  all  kinds  would,  I  believe,  more  correctly  express  the  md 
changes  that  occur,  than  the  usual  assumption  of  the  binary  division  of  thi 
pound  body,  in  an  absolute  manner,  into  a  basylous  atom  and  a  fictitious 
forming  a  halogen  body. 

GENERAL   SUMMARY. 

1.  In  a  closed  voltaic  circle,  a  certain  number  of  lines  or  chains  of  polarized 
cules  is  established,  each  chain  being  continuous  round  the  circle.  Hence  tb 
condition  of  the  circle  must  be  every  where  the  same.  The  same  number » 
tides  of  exciting  fluid  are  simultaneously  polar  upon  the  surface  of  every  zia 
in  the  active  cells,  and  also  upon  the  surface  of  the  zincoid  in  the  cell  of  dec( 
tion,  and  the  consequent  chemical  change,  or  decomposition  occurring,  is  of  tfa 
amount  in  all  the  cells  in  the  same  time.  This  equality  in  condition  and  re 
essential  to  a  circular  polarization,  such  as  exists  in  the  voltaic  circle. 

The  number  of  polar  chains  that  can  be  established  at  the  same  time  in  ; 
cular  voltaic  arrangement,  is  obviously  affected  by  several  circumstances :  — 

(1)  By  the  size  of  the  zinc  plate :  the  number  of  particles  of  zinc  that 
simultaneously  acted  upon  by  the  exciting  fluid  being  directly  proportional 
extent  of  metallic  surface  exposed. 

(2)  By  the  nature  and  accidental  state  of  the  exciting  liquid,  some  elec 
being  more  easily  acted  on  by  the  positive  metal  than  others ;  while  the  t 
dilution,  temperature,  and  other  circumstances,  may  affect  the  facility  of  dec 
tion  of  any  particular  electrolyte. 

(3)  The  adhesion  of  the  gas  bubbles  of  hydrogen  to  the  copper  plate,  a 
they  are  evolved,  interferes  much  with  the  action  of  a  battery ;  partly  by  p 
the  surface  of  copper  in  contact  with  acid,  and  partly  by  acting  as  a  zinc4 
ment,  and  originating  an  opposite  polarization  in  the  battery  (page  209).  B; 
up  the  hvdrogen,  by  means  of  a  solution  of  sulphate  of  copper  in  contact  1 
copper  plate,  Mr.  Daniell  increased  the  amount  of  circulating  force  six  time 

(4)  The  chemical  action  in  a  cell  is  also  diminished  by  increasing  the  < 
from  each  other  in  the  exciting  fluid  of  the  positive  and  negative  mets3i9. 

(5)  The  lines  of  chemico-polar  molecules  in  the  exciting  fluid  should  be  r 
of  each  other,  like  lines  of  magneto-polar  elements,  as  illustrated  in  the 
repulsion  and  divergence  of  the  threads  of  steel  filings  which  attach  thcma 
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he  pole  of  a  magnet  (fig.  65,  page  189).  That  the  lines  of  induction  do  diverge 
^atly  in  the  acid,  starting  from  the  zinc  as  a  centre,  is  placed  beyond  doubt  by 
nany  experiments  of  Mr.  Danicll.  A  small  ball  of  zinc  suspended  in  a  hollow 
opper  globe  filled  with  acid,  is  the  arrangement  in  which  this  divergence  is  least 
estrained,  and  was  found  to  be  the  most  effective  form  of  the  voltaic  circle.  When 
he  copper,  too,  is  a  flat  plate,  and  wholly  immersed  in  the  acid,  the  back  is  found 

0  act  as  a  negative  surface,  as  well  as  the  face  directly  exposed  to  the  zinc,  showing 
hat  the  lines  of  induction  in  the  acid  expand,  and  open  out  from  each  other,  some 
tending  round  the  edge  of  the  copper  plate  and  terminating  their  action,  after  a 
«cond  flexure,  on  its  opposite  side.  To  collect  these  diverging  lines,  the  surface  of 
he  copper  may  be  increased  with  advantage  to  at  least  four  times  that  of  the  zinc. 

(6)  The  polar  chains  of  molecules,  in  the  connecting  wires  and  other  metallic 
K)rtions  of  the  circle  must  be  equally  repulsive  of  each  other.  Hence  the  8mall 
iKj  of  the  negative  plates  in  the  active  cells,  and  of  the  platinum  plates  in  the  cell 
►f  decomposition,  and  the  thinness  of  the  connecting  wires,  are  among  the  circum- 
itances  which  diminish  the  number  of  polar  chains  that  can  be  established,  and 
mpair  the  general  efficiency  of  a  battery. 

2.  The  effect  of  multiplying  the  active  cells  in  a  battery  is  not  to  increase  the 
mmber  of  polar  chains,  or  quantity  of  decomposition,  but  to  increase  the  intensity/ 
)f  the  induction  in  each  chain ;  although  this  increase  in  intensity  generally  aug- 
nents  the  quantity  also,  in  an  indirect  manner,  by  overcoming  more  or  less  com- 
pletely such  obstacles  to  induction  as  have  been  enumerated. 

3.  The  intensity  of  the  induction,  also,  is  much  greater  with  some  electrolytes 
lian  others.  Thus  a  single  pair  of  zinc  and  platinum  plates  excited  by  dilute  sul- 
[>huric  acid,  decomposes  iodide  of  potassium,  proto-chloride  of  tin,  and  fused  chloride 
)f  silver,  but  not  fused  nitre,  chloride  or  iodide  of  lead,  or  solution  of  sulphate  of 
joda.  With  the  addition,  however,  of  a  little  nitric  acid  to  the  sulphuric,  the  same 
dngle  circle  decomposes  all  these  bodies,  and  even  water  itself  Ilere  we  have  a 
primary  chlorous  induction  from  the  oxygen  of  the  nitrous  acid,  in  addition  to  the 
>asylous  induction  of  the  zinc  (page  208).  The  former  action  also  is  attended 
jy  the  suppression  of  the  hydrogen,  so  that  the  evolution  of  that  gas  upon  the 
negative  plate  is  avoided. 

4.  The  division  of  the  connecting  wire,  and  the  separation  of  its  extremities  to 
the  most  minute  distance  from  each  other,  is  sufficient  to  stop  all  induction  and  the 
propagation  of  the  polar  condition  in  an  arrangement  with  the  usual  good  conducting 
luids.  In  a  powerful  voltaic  battery  consisting  of  seventy  large  l5aniell  cells,  no 
nduction  was  observed  to  pass  when  the  terminal  wires  were  separated  not  more 
than  the  one-thousandth  of  an  inch,  even  with  the  flame  of  a  spirit-lamp  or  rarefied 
iir  between  them.  Absolute  contact  of  the  wires  was  necessary  to  establish  the  cir- 
mlation.  But  after  contact  was  made,  and  the  wires  were  heated  to  whiteness,  they 
night  be  separated  to  a  small  distance  without  the  induction  being  interrupted :  the 
space  between  them  was  then  filled  with  an  arch  of  dazzling  light,  containing 
letached  particles  of  the  wire  in  a  state  of  intense  ignition,  which  were  found  to 
proceed  from  the  zincoid  to  the  chloroid,  —  the  former  losing  matter,  and  the  other 
lequiring  it.  kSo  highly  fixed  a  substance  as  platinum  is  carried  from  the  one 
terminal  to  the  other  in  this  manner;  but  the  transference  of  matter  is  most 
remarkable  between  charcoal  points,  which  may  be  separated  to  the  greatest  distance, 
md  afford  the  largest  and  most  brilliant  arch  of  flame.  A  similar,  although  it  may 
[>e  an  excessively  minute  detachment  of  matter,  is  found  to  accompany  the  electric 
spark  in  all  circumstances.     Hence,  the  electric  spark  always  contains  matter.     In 

1  powerful  water  battery,  however,  of  a  thousand  couples,  where  the  conducting  power 
)f  the  liquid  is  low,  good  sparks  are  obtained  on  approaching  the  terminals  (Gassiot). 

5.  W^hcn  terminal  wires  of  a  voltaic  circle  are  grasped  in  the  hands,  the  circuit 
nay  be  completed  by  the  fluids  of  the  body,  provided  the  batt<3ry  contains  a  consi- 
Icrable  number  of  cells,  and  the  induction  is  of  high  intensity :  the  nervous  system 
a  then  affected,  the  sensation  of  the  electric  shock  being  experienced. 
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6.  The  conducting  wire  becomes  heated  precisely  in  proportion  to  die  nomba 
polar  chains  established  in  it,  and  consequently  in  proportion  to  the  size  of  the  i 
plate ;  and  this  to  the  same  degree  from  the  induction  of  a  single  cell  as  from 
number  of  similar  cells.  Wires  of  different  metals  are  unequally  heated,  aoeordii 
the  resistance  which  they  offer  to  induction.  The  following  numbers  exprea 
heat  evolved  by  the  same  circulation  in  different  metals,  as  observed  by  Mr.  8 
Ilarris: — 

Heat  eyoWed.  Beristance. 

Silver 6 1 

Copper 6 1 

Gold 9 IJ 

Zinc 18 ; 3 

Platinum  30 5 

Iron 80 5 

Tin  36 6 

Lead  72 12 

Brass 10 3 

The  conducting  powers  of  the  metals  are  inversely  as  these  numbers ;  silver 
a  better  conductor  than  platinum  in  the  proportion  of  5  to  1.   The  conducting  ] 
of  all  of  them  is  found  to  be  diminished  by  heat. 

7.  As  a  portion  of  the  voltaic  circle,  the  conducting  wire  acquires  extraord 
powers  of  another  kind,  which  can  only  be  very  shortly  referred  to  here,  belo 
as  they  properly  do  to  physics. 

(1)  Another  wire  placed  near  and  parallel  to  the  conducting  wire,  has  the 
condition  of  its  molecules  disturbed,  and  an  induction  propagated  through  it 
opposite  direction  to  that  in  the  conducting  wire. 

(2)  If  the  conducting  wire  be  twisted  in  the  manner  of  a  corkscrew  so  as  tc 
a  hollow  spiral  or  helix,  it  will  bo  found  in  that  form  to  represent  a  magnet^  oi 
of  the  helix  being  a  north,  and  the  other  a  south  pole ;  and,  if  moveable,  will  ai 
itself  in  the  magnetic  meridian,  under  the  influence  of  the  earth's  magnetism 
poles  are  attracted  by  the  unlike  poles  of  an  ordinary  magnet,  and  it  impartf 
netism  to  soft  iron  or  steel  by  induction.  Two  such  helices  attract  and  repe 
other  by  their  different  poles,  like  two  magnets.  Indeed,  an  ordinary  magnc 
be  viewed  as  a  body  having  a  helical  chain  of  its  molecules  in  a  state  of  pern 
chemico-polarity. 

(3)  If  a  bar  of  soft  iron  bent  into  the  form  of  a  horse-shoe,  with  a  coppc 
twisted  spirally  round  it,  be  applied  like  a  lifter  to  the  poles  of  a  permanent  n 
at  the  instant  of  the  soft  iron  becoming  a  magnet  by  induction,  the  molecules 
spiral  become  chemico-polar ;  and  when  contact  is  broken  with  the  permanen 
net,  and  the  soft  iron  ceases  to  be  a  magnet,  the  wire  exhibits  a  polarity  the  i 
of  the  former.  By  a  proper  arrangement,  electric  sparks  and  shocks  may  be  ol 
from  the  wire,  while  the  soft  iron  included  within  it  is  being  made  and  uni 
magnet.  The  magneto-electric  machine  is  a  contrivance  for  this  purpose, 
now  coming  to  supersede  the  old  electric  machine,  as  a  source  of  what  is  i 
electricity  of  tension.  Magnetic  and  electric  effects  are  thus  reciprocally  pr 
from  each  other. 

(4)  When  the  pole  of  a  magnetic  needle  is  placed  near  the  conducting  wi 
former  neither  approaches  nor  recedes  from  the  latter,  but  exhibits  a  disposi 
revolve  round  it.  The  extraordinary  and  beautiful  phenomena  of  electrical  r 
are  exhibited  in  an  endless  variety  of  contrivances  and  experiments.  As  th 
netic  needle  is  generally  supported  upon  a  pivot,  it  is  free  to  move  only  in  a  h 
tal  plane,  and  consequently  when  the  conducting  wire  is  held  over  or  under 
needle  being  supposed  in  the  magnetic  meridian),  the  poles  in  beginning  to  d 
circles  in  opposite  directions  round  the  wire,  proceed  to  move  to  the  right  a 
of  it,  and  thus  deviate  from  the  true  meridian.    The  amount  of  deviation  in  c 
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J  proportional  to  the  quantity  of  circulating  induction,  and  may  be  taken  to  rcpre- 
ent  it,  as  is  done  in  a  useful  iuKtrument,  the  galvanometer,  "to  be  afterwards  de- 
cribed.  It  was  in  the  form  of  these  deflections,  that  the  phenomena  exhibited  by  a 
lagnet,  under  the  influence  of  a  conducting  wire,  first  presented  themselves  to 
)crsted  in  1819. 

8.  Thermo-electrical  phenomena  are  produced  from  the  effect  of  unequal  tempera- 
are  upon  metals  in  contact.     If  heat  be  applied  to  the  point  c 

fig.  83),  at  which  two  bars  of  bismuth  and  antimony  h  and  a  are         ^*Q-  ^2* 

oldered  together,  on  connecting  the  free  extremities  by  a  wire,  the 

rhole  is  found  to  form  a  weak  voltaic  circle,  with  the  induction 

rom  6  through  the  wire  to  a.   Uence  in  this  thermo-polar  arrange- 

Qent  the  bismuth  is  the  negative  metal,  and  may  be  compared  to 

he  copper  in  the  voltaic  cell.     If  cold  instead  of  heat  be  applied 

0  c,  a  current  also  is  established,  but  in  an  opposite  direction  to 

he  former.    Similar  circuits  may  be  formed  of  other  metals,  which 

nay  be  arranged  in  the  following  order,  the  most  powerful  combi- 

lation  being  formed  of  those  metals  which  are  most  distant  from 

ach  other  in  the  following  enumeration :  bismuth,  platinum,  lead', 

in,  copper  or  silver,  zinc,  iron,  antimony.     When  heated  at  their  points  of  contact, 

he  current  proceeds  through  the  wire  from  those  which  stand  first  to  the  last.     Ac- 

ording  to  Nobili,  similar  circuits  may  be  formed  with  substances  of  which  the 

ionducting  power  is  lower  than  that  of  the  metals. 

Several  pairs  of  bismuth  and  antimony  bars  may  be  associated  as  in  fig.  84,  and 
he  extreme  bars  being  connected  by  a  wire,  form 
in  arrangement  resembling  a  compound  voltaic  ^'^'  ®^' 

ircle.  Upon  heating  the  upper  junctions,  and 
lecping  the  lower  ones  cool,  or  on  heating  the 
ower  ones  and  keeping  the  others  cool,  an  induo- 
ion  is  established  in  the  wire,  more  intense  than 
n  the  single  pair  of  metals,  but  still  very  weak. 
The  conducting  wire  strongly  affects  a  needle, 
ausing  a  deflection  proportional  to  the  inequality 
f  temperature  between  the  ends  of  the  bars, 
^lelloni's  thermo-multiplier  is  a  delicate  instru- 
Qcnt  of  this  kind,  which  is  even  more  sensitive  to  changes  of  temperature  than  the 
ir-thermometer,  and  has  afforded  great  assistance  in  exploring  the  phenomena  of 
adiant  heat  (page  55). 

In  such  a  compound  bar,  also,  unequal  temperature  may  be  produced,  by  making 
t  the  connecting  wire  of  a  single  and  weak  voltaic  circle  ]  whereupon  the  metals 
become  cold  at  their  junction,  if  the  induction  is  from  the  bismuth  to  the  antimony, 
nd  hot  at  the  same  point  if  the  induction  is  in  the  opposite  direction.  These  are 
he  converse  of  the  preceding  phenomena,  in  which  electrical  effects  were  produced 
»y  inequality  of  temperature. 

9.  The  friction  of  different  bodies  is  another  source  of  electrical  phenomena. 
)nc,  at  least,  of  the  bodies  rubbed  together  must  not  be  a  conductor,  and  in  general 
wo  non-conductors  are  used.  When  a  silk  handkerchief  or  a  piece  of  resin  is 
ubbed  upon  glass,  both  are  found,  after  separation,  in  a  polar  condition,  and  con- 
inue  in  it.  The  rubbing  surface  of  the  glass  becomes  and  remains  zincous,  and 
hat  of  the  resin  or  silk  is  chlorous ;  and  a  molecular  polarization  is  at  the  samo 
imc  established  through  the  whole  mass  of  both  the  glass  and  resin,  reaching  to 
heir  opposite  surfaces,  which  exhibit  the  other  polarity.  The  powers  thus  appear- 
ng  on  the  two  rubbing  surfaces,  being  manifestly  different,  were  distinguished  by 
be  names  of  the  bodies  on  which  they  are  developed;  that  upon  the  glass  as  vitreous 
Icetricity  (basylous  affinity),  and  that  upon  the  resin  as  resinotts  electricity  (halo- 
venous  affinity). 

In  comparing  the  chemico-polarity  excited  by  friction  with  that  of  the  voltaic 
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circle,  wc  observe  tliat  the  former  is  of  high  intensity  but  small  in  qnaniiij 
affecting  only  a  small  number  of  trains  of  molecules.  Also  that  the  polar  oonj 
is  more  or  less  permanent,  depending  upon  the  insulation,  and  attended  with  a 
turbance  of  the  polar  condition  of  surrounding  bodies  to  a  considerable  diitt 
giving  rise  to  electrical  attractions  and  repulsions,  or  statical  phenomena.  If ' 
the  excited  vitreous  and  resinous  surfaces  have  a  conducting  metal,  such  as  a  i 
of'  tin-foil,  applied  tq  them,  and  each  sheet  have  a  wiro  proceeding  firom  ijk^ 
wires  and  tin-foil  are  polarized  similarly  to  the  glass  and  the  resin  which  they  ei 
and  a  saline  body  placed  between  the  extremities  of  the  wires,  which  are  icspeek 
a  zincoid  and  chloroid,  is  polarized  also,  and  decomposed.  But  the  amount  o 
composition,  which  is  a  true  measure  of  the  qtuintity  of  polar  chains,  is  eztif 
minute  compared  with  the  amount  of  polarization  in  the  voltaic  circle.  ThiM 
Faraday  has  calculated  that  the  decomposition  of  one  grain  of  water  by  zinc,  i 
active  cell  of  the  voltaic  circle,  produces  as  great  an  amount  of  polarization 
decomposition  in  the  cell  of  decomposition,  as  950,000  charges  of  a  large  Li 
battery,  of  several  square  feet  of  coated  surface ;  an  enormous  quantity  of  p 
equal  to  a  most  destructive  thunder-storm.  The  polarization  from  friction  is ' 
fore  singularly  intense,  although  remarkably  deficient  in  quantity,  or  in  the  m 
of  chains  of  polar  molecules. 

The  kinds  of  matter  susceptible  of  this  intense  polarization  are  so  many  f 
various,  such  as  glass,  minerals,  wood,  resins,  sulphur,  oils,  air,  &c.,  as  to  uv 
difficult  to  suppose  that  the  polar  molecule  is  of  the  same  chemical  constitut 
all  of  them,  as  it  is  in  the  electrolytes  of  the  voltaic  circle.  Indeed,  it  m 
admitted  that  all  matter  whatever  may  be  forced  into  a  polar  condition  by  i 
intense  induction. 

Electrical  induction  at  a  distance,  Mr.  Faraday  has  shown  to  be  always  an 
of  contiguous  particles,  chains  of  particles  of  air,  or  some  other  "  dielectric,"  e 
ing  between  the  excited  body  which  is  inducing,  and  the  induced  body.  His 
tigations  of  this  subject  led  to  the  remarkable  discovery  that  the  intensity  of  ( 
induction  at  a  constant  distance  from  the  inducing  body  is  not  always  the  san 
varies  in  different  media,  the  induction  through  a  certain  thickness  of  shell-] 
instance,  being  twice  as  great  as  through  the  same  thickness  of  air.  Numbc 
be  attached  to  different  bodies  which  express  their  relative  inductive  capacitic 

Specific  inductive  capacity  of  air 1 

"  "  glass 1.76 

"  "  sheU-lac 2 

"  «  sulphur 2.24 

The  inductive  capacity  of  all  gases  is  the  same  as  that  of  air,  and  this  proper! 
remarkable,  does  not  alter  in  these  bodies  with  variations  in  their  density. 

10.  Mr.  Faraday  has  lately  made  the  important  discovery  that  a  ray  of  p< 
light  passing  through  a  transparent  liquid  or  solid,  is  deflected,  and  takes ; 
direction,  or  has  a  motion  of  rotation  communicated  to  it  by  the  approxims 
the  pole  of  a  powerful  electro  or  natural  magnet ;  the  polo  of  the  latter  b 
placed  that  the  ray  is  in  the  direction  of  the  lines  of  attraction  of  the  magnet 
amount  of  the  deflection  of  the  ray  varies  in  different  transparent  bodies, 
approximatively  expressed  for  oil  of  turpentine  by  11.8,  heavy  borate  of  lei 
CO,  flint-glass  2.8,  rock-salt  2.2,  water  1,  alcohol  and  ether  less  than  watc 
Trans.  1846). 

11.  Operating  with  electro-magnets  of  the  highest  power,  Mr.  Farac 
obtained  results  of  a  fundamental  nature  respecting  the  magnetic  capacity  o1 
cut  kinds  of  matter.  The  mamietic  field  being  represented  as  in  fig.  85 
N  and  S  are  the  two  poles,  the  dotted  line  N  S  connecting  these  poles^ 
of  magnetic  force,  is  conveniently  termed  the  axial  direction,  and  the  line  < 
pondicular  to  the  former,  the  equatorial  direction.  When  a  bar  of  bismu 
inches  long,  0.33  inch  widc;  and  0.2  thick;  was  delicately  suspended  by  a  th 
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ted  silk,  and  placed  between  the  magnets,  it 
ed  itself  in  the  direction  of  e  r,  or  equatorially. 
nds  of  solid,  liquid,  and  even  gaseous  matter 
I  certain  amount  of  tendency  to  place  them- 

likc  the  bismuth  bar,  across  tlie  axial  or 

magnetic  direction.    This  equatorial  tendency 
rever,  overcome  and  negatived  by  the  smallest  ^ 

'  magnetic  property  which  bodies  may  possess, 

I  is  the  axial  polarity,  and  causes  the  substance  to  set  with  its  greatest  length 
direction  N  S.  Besides  iron,  nickel  and  cobalt,  the  usual  magnetic  metals, 
im,  palladium  and  titanium,  proved  to  be  axial  bodies.  So  are  all  the  salts 
Qing  iron,  nickel,  or  cobalt,  as  base.  Even  bottle  glass  is  comparatively  very 
(tic,  from  the  iron  it  contains ;  so  is  crown  (window)  glass,  but  not  flint  glass. 
)lutions  of  these  salts  are  also  magnetic.  Crystals  of  the  yellow  ferrocyanide 
d  ferricyanidc  of  potassium  are  not  magnetic,  but  set  equatorially.     The  iron, 

be  remembered,  belongs  to  the  acid  in  these  last  salts.     The  salts  of  the 

of  the  following  metals  proved  magnetic,  and  Mr.  Faraday  is  disposed  to 
that  the  metals  themselves  are  so  —  manganese,  cerium,  chromium.  Paper 
lany  other  organic  and  mineral  substances  often  contain  enough  of  iron  to 
them  fall  into  the  same  class. 

t  bodies  which  place  themselves  equatorially  are  named  diamagnetic.  The 
s  list  of  them  is  also  headed  by  metals,  which  appear  to  possess  this  power  in 
nt  degrees  of  intensity  according  to  the  following  order ;  — 
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Bismuth 
Antimony 
Zinc 
Tin 


Cadmium 
Mercury 
Silver 
Copper 


I  other  non-magnetic  metals  are  diamagnetic  in  a  less  degree.  This  property 
sensibly  impaired  by  heating  the  metals  up  to  their  fusing  points.  The  pro- 
may  be  experimentally  illustrated  by  pointed  pieces  of  rock  crystal,  glass, 
aorus,  sealing-wax,  caoutchouc,  wood,  beef,  bread,  &c.  (Phil.  Trans.  1846). 
b  air  and  flame  are  more  diamagnetic  than  cold  or  cooler  air^  so  that  a  stream 
former  spreads  itself  equatorially  in  ascending  between  magnetic  poles.  Of 
gases  and  vapours  tried  by  Mr.  Faraday,  oxygen  was  found  to  be  the  least 
(^etic ;  and  this  element  appears  to  lower  the  equatorial  tendency  of  the  gases 
nich  it  enters  as  a  constituent.  Nitrogen  is  more  highly  diamagnetic  than 
lie  acid  or  hydrogen.  In  an  atmosphere  of  carbonic  acid  gas  (instead  of  air) 
m  the  magnetic  poles,  streams  of  hydrogen  gas,  coal  gas,  defiant  gas,  muriatio 
md  ammonia,  passed  equatorially,  and  are  therefore  more  diamagnetic.  A 
[  of  oxygen,  which  is  so  little  diamagnetic,  had,  consequently,  "  the  appearance 
Dg  strongly  magnetic  in  coal  gas,  passing  with  great  impetuosity  to  the  mag- 
kxis,  and  clinging  about  it ;  and  if  much  muriate  of  ammonia  fume  were  pur- 
formed  at  the  time,  it  was  carried  by  the  oxygen  to  the  magnetic  field  with 
orce  as  to  hide  the  ends  of  the  magnetic  poles.  If,  then,  the  magnetic  action 
ospended  for  a  moment,  this  cloud  descended  by  its  gravity ;  but  being  quite 
the  poles,  if  the  magnet  were  again  rendered  active,  the  oxygen  cloud  imme- 
'  started  up  and  took  its  former  place.  The  attraction  of  iron  filings  to  a 
tic  pole  is  not  more  striking  than  the  appearance  presented  by  the  oxygen 
these  circmnstances''  (Faraday,  Phil.  Mag.  xxxi.  415). 
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INSTBCMENTS.  1 

Danitll'i  coiulant  btUltry.  —  A  cell  of  this  battery  consists  of  a  cylili 
per  3^  inches  in  diameter,  nbich  experience  haa  proved  to  the  inventor  H 
most  advantageong  distance  between  the  metallic  surfaces,  but  which  M 
^  height  from  6  to  20  inches,  according  to  the  power  which  it  is  wished  to-t 
membranous  bag,  formed  of  the  gullet  of  an  oz,  is  hong  in  the  centn  I 
and  circular  copper  plate,  resting  upon  a  rim  within  and  near  the  top  of 
der ;  and  in  this  is  suspended  by  a  wooden  cross-bar,  a  cylindrical  rod  of  Ui 
cine  half  an  inch  in  diameter.  Or  a  tube  of  porous  earthenware,  shut  at  t 
is  substituted  for  the  membrane  with  great  convenience.  The  outer  cell 
with  a  mixture  of  8  measures  of  water  and ! 
vitriol,  which  baa  been  saturated  with  sulphate 
and  portions  of  the  solid  salt  are  placed  upon  i 
copper  plate,  which  is  perforated  liko  a  coland 
purpose  of  keeping  the  solution  always  in  a  stai 
ration.  The  internal  tube  is  filled  with  the 
misturc  without  the  salt  of  copper.  A  sect 
upper  part  of  one  of  these  cells  is  here  ropreii 
c  d  (fig.  86)  is  the  external  copper  cylinder;  c 
internal  cylinder  of  earthenware,  and  I  m  the  n 
gamated  zinc.  Upon  a  ledge  e  d,  within  an  n 
of  the  top  of  the  cylinder,  rests  the  eylindria 
t  k,  which  contains  the  copper  salt,  and  both 
and  bottom  of  which  are  perforated  with  holes, 
ber  of  such  cells  may  be  connected  into  a  com 
cuit,milh«irca8olderedtothe  copper  cylinders,  SI 
to  the  zinc  by  clamps  and  screws  as  shown  bcloi 
(Daoicll's  Int.  to  Ch.  Phil.)  Instead  of  the  zino 
thick  phte  of  lamina 
^'o-  S".  now  generally  used, 

more  regularly  an 
than  the  cast  cylindoi 
In  this  instrumen 
phate  of  zinc,  fonni 
solution  of  the  liii 
retained  in  the  stonai 
der,  and  prevented  fl 
ing  to  the  copper  surf 
the  hydrogen,  instcw 
evolved  aa  gas  on  th« 
the  latter  metal,  decM 
oxide  of  copper  of  the 
and 


Mimm 


iiiii: 


•  i  I  l^JLl 


metallic  copper  on  t 
plate.  Such  a  cirdi 
TBiy  in  its  action  for  hours  together,  which  mokes  it  invaluable  in  the  in* 
cf  voltaic  laws.  It  owes  its  superiority  principally  to  three  circumstances 
tmalffamation  of  the  zinc,  which  prevents  the  waste  of  that  metal  by  eolt 
the  circuit  is  not  completed  ;  to  the  non-occurrence  of  the  precipitation  of 
the  copper  surface ;  and  to  the  complete  absorption  of  the  hydrogen  at ' 
surface,  the  adhesion  of  glubnlos  of  gas  to  the  metallic  plates  greatly  di 
ftnd  introducing  much  irregularity  into  the  action  of  a  circle. 

Grove's  nilric  acid  batitry.  —  In  this  battery  the  positive  metal  is  aa 
nnc,  and  the  negative  metal  platinum,  while  the  intermediate  liquid  is  of 
dilute  sulphuric  acid  of  sp.  gr.  1.125  in  contact  with  the  zinc,  and  strong 
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h  contact  with  the  platinam.  la  fig.  88,  a  represents  a  flat 
cell  of  porous  earthenware,  to  contaia  the  nitric  acid  and 
platinum  ptutc ;  b,  the  platinum  pkte ;  d,  the  zinc  plnte, 
which  ia  doubled  up  to  include  the  porous  cell ;  e,  a  cell 
of  glazed  earthenware  to  contain  the  sulphuric  acid  and 
nnc  plate ;  /,  a  wooden  frame  to  support  the  last  cell,  tcnni- 
nated  above  by  copper  pktcs  providi^  with  clamps,  hy  which 
the  terminal  wires  arc  attached.  Two  wooden  wcdgea,  such 
M  e,  are  required  to  fix  the  upper  end  of  the  zinc  plate  on 
the  one  side,  and  the  platinum  plate  on  the  other,  as  in  fig. 
69.  Convenient  dimensions  for  the  principal  ports  arc,  the 
the  external  ccU  t,  4}  inches  b;  23  and  \i;  porous  cell  a, 
4j  bj  2}  and  4  inch;  platinum  plat«  5  inches  by  2^,  and 
weighing  about  10  gmina  in  the  square  inch. 
Fio.  90. 
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In  fig.  90,  BIZ  of  tbeso  cells  aro  placed  together  in  a  wooden  fnme,  i 
part  of  each  end  of  the  frame  of  stoat  eheet  copper,  to  which  the  pi 
can  be  clamped.     The  wires  from  tho  platinum  and  zinc  ends  of  tbe  1 
platinom  plates,  a  and  b,  attached  to  them  as  terminals.     A  batt«rj  of  t| 
evolve  8  or  10  cubic  inches  of  mixed  Oxygen  and  hydrogen  gues  ii 
per  minute.     It  is  equal  to  several  times  as  many  cella  of  the  pn 
The  polarizing  power  is  very  intense,  and  little  more  decompoung  powt 
by  increasing  the  number  of  cells  bejond  five  or  six. 

The  earbo-tinc  ballertf  of  Bunsen,  which  is  much  used  on  the  ooa 

modification  of  the  last  constructioit,  in  which  charcoal  in  contact  wiUi  tht 

is  subatitntcd  for  platinum.     The  carbon  is  in  the  form  of  a  hollow  eylin 

made  by  coking  pounded  coal  in  a  proper  iron  n 

''"■  ^^-  soaking  the  coke  in  sugar,  and  calcining  a  Becoad 

compactness  is  given  to  the  cylinder.     The  btter 

as  to  include  the  porous  cell  containing  tlie  tine  at 

^13  itself  placed  in  a  stout  glass  cylinder,  of  wbieli ' 

Bjoontractcd  so  as  to  support  tho  coke  cylinder  (fi^ 

Izinc  cylinder  c  is  connected  by  a  slip  b  and  n^ 

Isame  metal  with  tbc  coke  cylinder,  of  which  tlia 

's  made  a  little  conical  to  hold  the  ring.     Tbii  I 

I  the  advantage  of  enlarged  negative  surface,  U 

.  ample  apace  for  the  nitric  acid. 

For  other  useful  forms  of  the  baltery,  such  as 
duced  by  Mr.  Smee,  in  which  a  thin  sheet  of  db 
by  a  deposit  of  platinum  (platinized  silver)  b  the  negative  metal,  I  ma 
works  upon  Electricity. 

Bird's  batte.ry  avid  decomposing  celt  —  To  M.  Becquorel  we  are  | 
indebted  for  tbc  investigation  of  the  decomposing  powers  of  feeble  currcnl 
for  a  long  time,  the  rcsulls  of  which  arc  of  great  interest,  both  from  tb 
the  substances  that  can  be  thus  decomposed,  and  from  the  form  in  whi 
ments  of  the  body  decomposed  are  presented,  the  slow  formation  of  ti 
permitting  their  deposition  in  regulflr  crystals  {TnuW  Kiporimental  de  I 
et  du  Mugn6tisme,  par  M.  Bccquercl).  Dr.  (folding  Bird  has  also  lA 
number  of  bodies  decomposed  by  such  means,  and  contrived  a  simple  f 
baUery,  which,  with  Bccqucrel's  decomposing  coll,  renders  such  dca 
certain  and  easy  (Phil.  Tmns.  1837,  p.  37).  The  decompo^ng  cell  oe 
glass  cylinder  a  (fig.  92)  with 


(hg.  yi 
The  i 


3  cylinder  b.  The  inner  c 
4  inches  long,  and  IJ  inch  in  du 
is  closed  at  the  lower  end  by 
plaster  of  Paris  0.7  inch  in  thid 
cylinder  is  filed  by  means  of 
cork  within  the  other,  which  is  i 
about  8  inches  deep  by  2  inches  i 
A  piece  of  sheet  copper  e,  4  incb 
3  inches  wide,  having  a  copper 
wire  soldered  to  it,  is  loosely  cd 
plnced  in  the  inner  cylinder  wi(& 
bottom :  a  piece  of  sheet  lina  i 
size,  is  also  loosely  coiled,  and  pi 
outer  cylinder;  tlib  zinc  like 
furnished  with  a  conducting  wire.  Tho  outer  cylinder  is  then  nearly  fli 
weak  solution  of  common  salt,  and  the  inner  with  a  saturated  solutioD  » 
of  copper.  Tbo  two  fluids  are  prevented  from  mixing  by  the  plaster ' 
and  care  being  taken  that  they  arc  at  the  same  level  in  both  tho  cylinden 
will  afford,  on  joining  the  wires,  a  continuous  currcnt  for  weeks,  the 
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eodium  and  the  sulphate  of  copper  beins;  very  slowly  decomposed.  After  it  has 
been  in  action  for  some  weeks,  chloride  of  zinc  is  found  in  the  outer  cylinder :  and 
beautiful  crystals  of  metallic  copper,  frequently  mixed  with  the  ruby  suboxide  (closely 
resembling  the  native  copper  ruby  ore  in  appearance),  with  large  crystals  of  sulphate 
of  soda,  are  found  adhering  to  the  copper  plate  in  the  smaller  cylinder,  especially  on 
that  part  where  it  touches  the  plaster  diaphragm. 

The  decomposing  cell  is  the  counterpart  of  the  battery  itself,  consisting,  like  it, 
of  two  glass  cylinders,  one  within  the  other,  the  smaller  one  c  having  a  bottom  of 
plaster  of  Paris  fixed  into  it :  this  smaller  tube  may  be  about  }  inch  wide  and  3 
inches  in  length,  and  is  intended  to  hold  the  metallic  or  other  solution  to  be  decom- 
posed, the  external  tube  d,  in  which  the  other  is  immersed,  being  filled  with  a  weak 
solution  of  common  salt.     In  the  latter  solution  a  slip  of  amalgamated  zinc-plate  /, 
soldered  to  the  wire  coming  from  the  copper  plate  c  of  the  battery,  is  immersed ; 
and  a  slip  of  platinum  foil  pi,  connected  with  the  wire  from  the  zinc  plate  z  of  tho 
battery,  is  immersed  in  the  liquor  of  the  smaller  tube,  being  held  in  its  place  by  a 
cork,  through  which  its  wire  pnsscs.     The  whole  arrangement  is  now  obviously  a 
pair  of  active  cells,  of  which  c  2/  is  one  metallic  element,  and  z pi  the  other;  and 
the  fluid  between  z  and  c  divided  by  the  porous  plaster  diaphragm,  one  fluid  ele- 
ment, and  the  fluid  between  z  and  pi,  divided  by  a  porous  plaster  diaphragm, 
another  fluid  element ;  although  it  will  be  convenient  to  speak  of  the  last  as  the  cell 
6(  decomposition.     With  a  solution  of  chlorides  or  nitrates  of  iron,  copper,  tin,  zinc, 
bismuth,  antimony,  lead  or  silver,  in  the  smaller  tube.  Dr.  Bird  finds  the  metals  to 
be  reduced  upon  the  surface  of  the  platinum,  generally  but  not  invariably  in  posses- 
sion of  a  perfect  metallic  lustre,  always  more  or  less  crystalline,  and  often  very 
beautifully  so.     The  crystals  of  copper  rival  in  hardness  and  malleability  the  finest 
specimens  of  native  copper,  and  those  of  silver,  which  are  needles,  are  white  and 
Tcry  brilliant     The  solution  of  fluoride  of  silicon  in  alcohol  being  introduced  into 
the  small  tube  by  Dr.  Bird,  a  deposition  of  silicon  upon  the  platinum  was  found  to 
take  place  in  24  hours,  which  was  nearly  black  and  granular,  and  is  described  as 
exhibiting  a  tendency  to  a  crystalline  form.     From  an  aqueous  solution  of  the  same 
fluoride,  a  deposition  of  gelatinous  silica  was  obser^'ed  to  take  place  around  the 
reduced  silicon,  mixed  with  which,  or  precipitated  in  a  zone  on  tho  sides  of  the  tube, 
especially  if  of  small  diameter,  frequently  appear  minute  crystalline  grains  of  silica 
or  quartz,  of  sufiicient  hardness  to  scratch  glass,  and  appearing  translucent  under  the 
microscope.     With  a  modification  of  the  decomposing  cell  described.  Dr.  Bird  suc- 
ceeded in  decomposing  a  solution  of  chloride  of  potassium,  and  obtained  an  amalgam 
of  potassium.      The  inner  tube  «  was  replaced  by  a  small  glass  funnel,  the  lower 
opening  of  which  was  stopped  with  stucco,  and  which  thus  closed  retained  a  weak 
solution  of  the  alkaline  chloride  poured  into  it.    Every  thing  external  to  this  funnel 
remaining  as  tisual,  mercury,  contained  in  a  short  glass  tube,  like  a  thimble,  was 
placed  in  the  funnel,  and  covered  by  the  liquid,  and  instead  of  the  platinum  plate,  a 
platinum  wire,  coiled  into  a  spiral  at  the  extremity,  was  plunged  into  the  mercury, 
the  other  end  of  this  wire  being  connected  with  the  zinc  plate  z  of  the  battery.  Tho 
circuit  having  been  thus  completed,  the  mercury  had  swollen  in  eight  or  ten  hours 
to  double  its  former  bulk,  and  when  afterwards  thrown  into  distilled  water,  evolved 
hydrogen,  and  produced  an  alkaline  solution.     A  solution  of  hydrochlorate  of  am- 
monia being  substituted  for  that  of  chloride  of  potassium,  in  this  experiment,  the 
metal  swells  to  &ve  or  six  times  its  bulk  in  a  few  hours,  and  the  semi-fluid  amalgam 
of  ammonium  is  formed.     These  feeble  currents  thus  effect  decompositiohs  in  tho 
lapse  of  time,  which  batteries  of  the  ordinary  form,  and  considerable  magnitude, 
may  effect  very  imperfectl}',  or  fail  entirely  in  producing. 

Volta-meter.  —  Tho  decomposing  power  of  a  battery  is  represented  by  the 
quantity  of  oxygen  and  hydrogen  gases  evolved  in  a  cell  of  decomposition  con- 
taining dilute  sulphuric  acid.  The  volta-meter  (figure  93)  is  simply  a  cell  so 
charged,  and  of  a  proper  form  to  allow  of  the  gases  evolved  being  collected  and 
measured. 
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OahanonKter.  — Tho  senaibilitv  of  the  ms^etia  needle  to  the  infli 
conducting  wire  of  a  voltaic  circle  broagbt  near  it,  has  been  applied  to  ll 
tico  of  an  iustnunent  nhiob  vill  indicate  the  feeblest  polarization  or  d 
rent  in  the  connecting  wii 
F"3-  0*-  siBts  of  a  pail  of  niagnetio  i 

94),  fixed  on  one  axis 
attracting  poles  opposite  < 
BO  as  to  leave  them  littls  < 
tive  power,  and  render  tl 
which  is  delicately  sann 
single  fibre  of  unspun  ulk. 
needle  is  enclosed  witbl 
fonned  by  a  hank  of  covai 
of  which  p  and  n  are  the  < 
When  the  tenninal  wires  « 
are  connected  with  the  win 
of  wire  of  the  galvanomel 
part  of  the  conneclingWB 
needle  is  deflected.  Tba 
proceeding  in  one  directioi 
needle  and  returning  in  t 
direction  below  the  needle) 
produce  the  same  dcSeclao 
npper  needle  -having  its  pol 
is  deflected  in  the  same  d 
the  win)  below  it,  as  the  k 
13  bj  the  wire  above  tl 
Every  torn  of  tlie  wire  also  repeats  the  influence  npon  the  needle,  i 
deflection  is  increased  in  proportion  to  the  unmber  of  tarns  or  coils  1 
of  wire.      [See  Supplement,  p.  679,] 
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CHAPTER  V. 


NON-METALLIC   ELEMENTS. 


Section  I. — Oxygen. 

Equivalent  8  (hydrogen  =  1,  or  100  as  the  basis  of  the  Oxygen  Scale;  density 
1105'Q  (air  ^1000)  I  combining  measure   ["1    (one  volume,') 

The  following  thirteen  of  the  sixty-two  elementary  bodies  known/  are  included 
in  the  class  of  non-metallic  elements: — oxygen,  hydrogen,  nitrogen,  carbon,  boron, 
silicon  or  silicium,  sulphur,  selenium,  phosphorus,  chlorine,  bromine,  iodine,  and 
fluorine.  Of  these,  oxygen,  from  certain  relations  which  it  bears  to  all  the  others^ 
and  from  its  general  importance,  demands  the  earliest  consideration. 

The  name  oxygen  is  compounded  of  o^;,  acid,  and  y»a*aca,  I  give  rise  to,  and  was 
ffiTen  to  this  element  by  Lavoisier,  with  reference  to  its  property  of  forming  acids 
m  uniting  with  other  elementary  bodies.  Oxygen  is  a  permanent  gas,  when  uncom- 
bined,  and  forms  one-fifth  part  of  the  air  of  the  atmosphere.'*'  In  a  state  of  combi- 
nation, this  element  is  the  most  extensively  diffused  body  in  nature,  entering  as  a 
constituent  into  water,  into  nearly  all  the  earths  and  rocks  of  which  the  crust  of  tho 
globe  is  composed,  and  into  all  organic  products,  with  a  few  exceptions.  It  was  first 
recognised  as  a  distinct  substance  by  Dr.  Priestley  in  England,  in  1774,  and  about 
a  year  afterwards  by  Scheele  in  Sweden,  without  any  knowledge  of  Priestley^s  ex- 
periments.    From  this  discovery  may  be  dated  the  origin  of  true  chemical  theory. 

Preparation. — Oxygen  gas  is  generally  disengaged  from  some  compound  contain- 
ing it)  by  the  action  of  heat. 

1.  It  was  first  procured  by  Priestley,  by  heating  Red  Precipitate  (o^de  of  mer- 
cury), which  is  thereby  resolved  into  fluid  mercury  and  oxygen  gas.  To  illustrate 
the  formation  of  oxygen  in  this  way,  200  grains  of  red  precipitate  may  be  introduced 
into  the  body  of  a  small  retort  a  of  hard  or  difficultly  fusible  glass,  and  the  retort 

FiQ.  95. 


united  in  an  air-tight  manner  with  a  small  globular  flask  b,  having  two  openinsSi 
both  closed  by  perforated  corks,  one  of  which  admits  the  beak  of  the  retort,  and  uie 

>  This  nambcr  includes  three  elements  —  erbium,  terbium,  and  ilmenium,  of  which  the 
aaSstenee  is  doobtfoL 

•  [Set  SHjtpltmtHt,  p.  759.] 
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other  aD  exit  tube  c,  of  glass,  bent  as  in  the  figure.    The  extremity  of  then 
tube  is  iutroduccd  into  a  graduated  jar  capable  of  holding  50  or  60  cubie  indl 
and  placed  in  an  inverted  position,  full  of  water,  upon  the  shelf  of  a  pneoiril 
water-trough.     Heat  is  then  applied  to  the  retort  by  means  of  an  Argand  i| 
Limp  powerful  enough  to  raise  it  to  a  red  heat,  and  maintain  it  at  that  tempeni 
for  a  considerable  time.     The  first  effect  of  the  heat  is  to  expand  the  air  in  the 
tort,  bubbles  of  which  issue  from  the  tube  c,  and  rise  to  the  top  of  the  jar  displie 
water ;  but  more  gas  follows,  which  is  oxygen,  and  at  the  same  time  metallic  a 
cury  condenses  in  the  neck  of  the  retort  and  runs  down  into  the  intermediate  flail 
When  the  red  precipitate  in  the  retort  has  entirely  disappeared,  the  lamp  mar 
extinguished,  and  the  retort  allowed  to  cool  completely.    The  end  of  the  exit  tuo 
being  now  above  the  level  of  the  water  in  the  jar,  which  is  nearly  full  of  gai 
portion  of  the  latter,  equal  in  bulk  to  the  air  which  first  left  the  retort,  will  ret 
to  it,  from  the  contraction  of  the  gas  within  the  retort.     The  jar  will  be  founi 
the  end  to  contain  44  cubic  inches  of  gas,  which  is  therefore  the  measure  of  oxt 
produced  in  the  experiment,  and  the  flask  to  contain  185  grains  of  mercury.    I 
44  cubic  inches  of  oxygen  weigh  15  grains;  and  a  true  analysis  of  the  red  pret 
tate  has  been  cfibcted,  of  which  the  result  is^  that  200  grains  of  that  substi 
consist  of — 

185  grains  mercury. 
15     '*     oxygen,  (44  cubic  inches). 
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But  oxygen  gas  is  more  generally  derived  from  two  other  substances — oxid 
manganese  and  chlorate  of  potassa. 

2.  When  the  gas  is  required  in  large  quantity,  and  exact  purity  is  immati 
the  oxide  of  manganese  is  preferred  from  its  cheapness.  This  is  a  black,  h 
mineral,  found  in  Devonshire,  in  Hesse  Darmstadt,  and  other  localities,  of  i 
upwards  of  40,000  tons  are  consumed  annually  in  the  manufactures  of  the  con 
It  is  called  an  oxide  of  manganese,  because  it  is  a  compound  of  the  metal  mi 
nese  with  oxygen.  In  explanation  of  what  takes  place  when  this  substance  is  he 
it  is  necessary  to  state  that  manganese  is  capable  of  uniting  with  oxygen  in  se 
proportions,  namely,  one  equivalent,  or  27.07  parts  of  manganese,  with  8,  and 
16  parts  of  oxygen ;  and  two  equivalents  of  manganese  with  24  parts  of  ox; 
These  compounds  are: — 

Protoxide  of  manganese  Mn+  0. 

Scsquioxide 2Mn-f  30. 

Binoxide,  or  native  black  oxide Mn+20. 

Now  the  binoxide,  however  strongly  heated,  never  loses  more  than  one-third 
oxygen,  being  converted  into  a  compound  of  the  first  two  oxides :  that  is, 
equivalents  of  binoxide  (131.01  parts)  lose  two  equivalents  of  oxygen  (16  j 
and  leave  a  compound  of  one  eq.  of  scsquioxide  and  one  eq.  of  protoxide ;  a  c 
which  may  be  thus  expressed: — 

3MnO,=  |j;j^2  054.MnO. 

One  of  the  malleable  iron  bottles  in  which  mercury  is  imported  is  readil 
verted  into  a  retort,  in  which  the  black  oxide  may  be  heated,  by  removi 
screwed  iron  stopper,  and  replacing  this  by  an  iron  pipe  of  three  feet  in  lengt 
end  of  which  has  been  cut  to  the  screw  of  the  bottle.  This  pipe  may  be  bent 
figure  96,  if  the  bottle  is  to  be  heated  in  an  open  fire,  or  in  a  furnace  open 
top.  From  3  to  9  pounds  of  the  oxide  may  be  introduced  as  a  charge,  accorc 
the  quantity  of  gas  to  be  prepared,  each  pound  of  good  German  manganese  y 
about  1400  cubic  incheS;  or  5.05  gallons  of  gas.    Upon  the  first  application  o 
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mter  comes  off,  as  ste&m,  mixed  occasioDallj  with  a  gns  wbicli  extinguishes  flame; 
Oiu  ia  owiog  to  the  impurity  of  Ihe  oxide.  The  products  may  be  allowed  to  escape, 
till  the  point  of  &  wood-mslch,  red  without  flame,  applied  to  the  orifice,  is  rekindled 
ud  m;ulc  to  hum  with  brilliancy;  the  gas  is  then  sufficiently  pure,  and  means  must 
ba  tftken  for  collecting  it     A  small  flexible  tin  tube  (,  of  any  convenient  leugtb,  is 

Fro.  oa. 


adapted  to  the  iron  pipe,  by  means  of  a  perforated  cork,  by  which  the  gas  is  con- 
veyed to  a  pneumatic  trough,  and  collected  in  glass  jars  filled  with  water,  as  in  the 
former  experiment ;  or,  as  this  process  ofTonls  cousidcrable  quantities  of  oxygen,  the 
ps  ia  more  generally  oonduotod  into  the  inferior  cylinder  or  drum  of  a  copper  ^ 
holder  c,  full  of  water.  The  water  docs  not  flow  out  by  the  recurved  tube  which 
fonns  the  lower  opening,  but  is  retained  in  the  vessel  by  the  pressure  of  the  atmo- 
nberc  on  the  surface  of  the  water  in  that  tube,  as  water  is  retained  in  a  bird's 
^nking-ghss.  But  when  the  tin  tube  is  introduced  into  the  gas-holder  by  this 
opening,  water  escapes  by  it,  in  proportion  as  gas  ia  thrown  into  the  cylinder  and 
rises  in  bubbles  to  the  top.  The  progress  of  filling  the  gas-holder  may  be  observed 
bj  the  glass  gnnge-tube  g,  which  is  open  at  both  ends,  and  connectetl  with  the  top 
and  bottom  of  the  cylinder,  so  that  the  water  stands  at  the  same  height  in  the  tube 
as  in  the  cylinder.  Convenient  dimeosions  for  the  cylinder  itself  are  16  inches  in 
height  by  12  in  diameter;  to  fill  which  a  charge  of  three  pounds  of  manganese  may 
■  be  used.  The  gangc-tubo  ia  so  apt  to  bo  broken,  or  to  occa«on  leakage  at  its  juno- 
tions  with  the  cylinder,  when  the  latter  13  large  and  unwieldy,  that  it  ia  generally 
better  to  forego  the  advantage  it  offers,  and  dispense  with  this  addition  to  the  gas- 
holder. When  applied  to  a  small' gas-holder,  the  ends  of  the  tube  are  conveniently 
adapted  to  the  openings  of  the  cylinder,  by  means  of  perforated  corks, 
which  are  aftennirds  covered  by  a  mixture  of  white  and  red  lead  with  ^"''  ^^- 
»  drying  oil. 

After  the  cylinder  is  filled,  the  lower  opening  by  which  the  gaa 
was  admitted  is  closed  by  a  good  cork,  or  by  a  brass  cap  made  to  screw 
over  It.  The  superior  cylinder  is  an  open  water  trough,  connected 
with  the  inferior  cylinder  by  two  tubes  provided  with  stop-cocks,  m 
and  *,  one  of  which,  m,  is  continued  to  the  bottom  of  that  vessel,  and 
arareyB  water  from  the  superior  cylinder,  while  the  other  tube,  n,  ter< 
^■"^  at  the  top  of  the  inferior  blinder,  and  affords  a  passage  by 
'rtidk  the  gas  em  escape  from  it,  when  water  is  allowed  to  descend  by 
Ae  otha  bibe.    The  tube  and  perforatioa  of  the  stopcock  of  m  should 
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A  jar  a  is  Sllcd  witb  gas  by  iuTertiiu  it  f 


be  conBderablj  wider  than  n 

ia  the  superior  cyliadcr,  over  the  opening  of  n,  as  exhibited  in  tlia  £gai%j 
iag  the  gaa  to  ascend  from  the  inferior  cylinder.  Oaa  msy  likevise  ba  ■ 
the  atopcook  I  (£g.  96),  water  being  allowed  to  enter  by  m  at  the  same  fl 
Oxygen  may  lUcewise  be  disengaged  from  oiide  of  manganese  in  a,  flail 
by  means  of  snlpburio  acid  diluted  with  an  equal  bulk  of  water,  but  fl 
process  to  be  recommended.  When  the  quantity  of  oxygen  required  I 
mgd,  it  is  better  to  hare  recourse  to  chlorate  of  potosaa,  which  has  also; 
tage  of  giviDg  a  perfectly  pure  gas. 

S.  A  well-cleanscd  Florence  oil  flask,  the  edges  of  the  mouth  of  whioll 

lieated  and  turned  orer  n 

''"•  **■  a  lip,  with  a  bent  glass  tii 

foratcd  cork  fitted  to  it  (fig, 

a  convenient  retort  in  iri 

half  an  ounce  of  chloral* 

may  be  heated  by  mcaiH 

flamo  or  Argand  spirit  b 

salt  melts,  although  it  e 

water,  and  when  nearly  rec 

abundance  of  oxygen  at 

point  of  the  decompoutioa 

Ycsceoce  may  become  m. 

to  burst  the  flask,  espeof 

— '^  exit  tube  be  narrow,  unla 

be  moderated.     The  cbla 

ossB  ports  with  all  the  o^ 

sesses,  which  amounts  to  392  per  cent,  of  its  weight,  and  leaves  a  whili 

the  chloride  of  potassium. 

The  only  inconvenience  attending  the  preceding  process  is  the  high  k 
required,  which  would  soften  a  retort  or  flask  of  flint  glass.  It  waa  < 
however,  by  M.  IMitsclierlich,  that  cblomte  of'  potassa  is  decomposed  i 
lower  tcmpcnitaro  wjien  mixed  with  diy  powders,  upon  which  it  excrdsoi 
cal  action,  particularly  metallic  peroxides,  such  as  the  binoxide  of  maOj 
the  black  oxide  of  copper.  Nothing  can  answer  better  than  the  binoxk 
ganese,  after  being  made  anhydrous  by  a  short  exposure  to  a  red  heat 
of  chlorate  of  potassa  in  powder,  mixed  with  one  part  of  the  dried  ozk 
useful  "  oxygen  mixture,"  which  may  be  made  in  quantity  and  prescrvai 
sional  use. 

From  an  atomic  statement  of  the  composition  of  chlorate  of  potasai, 
that  one  equivalent  of  it  (122-5  parts)  contains  six  equivalents  of  oxygeo 
namely  five  cq.  in  the  chloric  acid  and  ono  eq.  in  the  potassa,  the  wboli 
como  ofij  leaving  one  equivalent  of  chloride  of  potassium  ^74-5  ports) :— < 

K0  +  C10.=  {«>,, 

Half  an  ounce  of  chlorate  of  potassa  should  yield  270  cubic  inches,  g 
gallon  of  pure  oxygen  gas. 

4.  Another  process  for  oxygen  gas,  proposed  by  Mr.  Balmun,  coDsigti 
in  a  retort  3  parts  of  the  bichromate  of  potassa  in  powder,  with  i  parts  d 
mlphuric  acid  :  the  gas  comes  off  in  a  continuous  stream,  and  a  mixtnic  i 
of  potassa  and  sulphate  of  scsquioxide  of  chromium  remains  behind  in 
The  decomposition  nhich  takes  place  is  explained  in  the  following  formal 
KO,  Cr,0,  with  4  SO,,  give  KG,  SO,  with  Cr,0, 3S0,  and  3C 

The  bichromate  of  potassa  loses  one-half  of  the  oxygen  contained  in  li 
■eid,  or  about  16  per  cent,  of  its  weight;  one  ounoo  of  salt  yielding 
enlnc  inches  of  gas. 
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[5.  When  a  perfectly  pure  gas  is  not  required,  oxygen  may  be  obtained  in  large 
lantity  from  nitrate  of  potassa.  The  same  apparatus  is  used  as  in  the  decompod- 
m  of  black  oxide  of  manganese :  the  nitre,  of  which  8  or  10  pounds  may  bo  used 
once,  is  to  be  exposed  to  a  well-regulated  heat  of  a  chareoal  fire,  the  draught 
ling  urged  or  diminished  in  proportion  to  the  rapidity  of  the  flow  of  gas.  A  red  heat 
about  the  best  temperature  for  the  operation.  The  gas  which  comes  over  at  this 
mperature  contains  about  96  per  cent,  of  oxygen,  and  when  after  some  time  it  is 
und  necessary  to  urge  the  fire  that  the  flow  of  gas  may  be  kept  up,  the  per  centage 
minishes,  and  may  fall  as  low  as  66.  Two  of  the  five  equivalents  of  oxygen  in 
c  nitric  acid  are  given  off  in  the  first  part  of  the  operation,  and  in  the  latter  part 
e  remaining  oxygen  with  the  nitrogen. — R.  B.] 

Properties. — Oxygen  gas  is  colourless,  and  destitute  of  odour  and  taste.  It  is 
iavier  than  air  in  the  ratio  of  1105-6  to  1000,  according  to  the  latest  careful  de- 
rmination,  that  of  M.  Rcgnault.* 

At  the  temperature  of  60°,  and  with  the  barometer  at  30  inches,  100  cubic  inches 
'  oxygen  gas  weigh  3419  grains  (Rcgnault).  One  cubic  inch,  therefore,  weighs 
3419  gr.,  or  about  one-third  of  a  grain.  It  has  never  been  liquefied  by  cold  or 
"essure. 

Oxygen  is  so  sparingly  soluble  in  water,  that  when  agitated  in  contact  with  that 
lid  no  perceptible  diminution  of  its  volume  takes  place.  But  when  water  is  pre- 
ously  deprived  of  air  by  boiling,  and  allowed  to  cool  in  a  close  vessel,  100  cubio 
ches  of  it  dissolve  3|  cubic  inches  of  this  gas. 

If  a  lighted  wax  taper  attached  to  a  copper  wire  be  blown  out,  and  dipped  into 
vessel  of  oxygen  gas,  while  the  wick  remains  red-hot,  it  instantly  rekindles  with 
slight  explosion,  and  burns  with  great  brilliancy.     If  soon  withdrawn  and  blown 
ity  it  may  be  revived  again  in  the  same  manner,  and  the 
[periment  be  repeated   several  times   in  the  same  gas.  ^'^*  ®^' 

ightcd  tinder  burns  with  flame  in  oxygen,  and  red-hot 
larcoal  with  brilliant  scintillations.  Burning  sulphur  in- 
oduced  into  this  gas  in  a  little  hemispherical  cup  of  iron-plate 
tth  a  wire  attached  to  it,  bums  with  an  azure  blue  flame  of 
>Dsiderable  intensity.  Phosphorus  introduced  into  oxygen 
the  same  manner,  burns  with  a  dazzling  licht  of  the 
'eatest  splendour,  particularly  afler  the  phosphorus  boils 
id  rises  through  the  gas  in  vapour.  Indeed,  all  bodies 
bich  bum  in  air,  bum  with  increased  vivacity  in  oxygen 
IS.  Even  iron  wire  may  be  burned  in  this  gas.  For  this 
irpose  thin  harpsichord  wire  should  be  coiled  about  a 
rliodrical  rod  into  a  spiral  form.  The  rod  being  withdrawn, 
piece  of  thread  must  be  twisted  about  one  end  of  the  wire, 
id  dipped  into  melted  sulphur ;  the  other  end  of  the  wire  is 
•  be  fixed  into  a  cork,  so  that  the  spiral  may  hang  vertically, 
he  sulphured  end  is  then  to  be  lighted,  and  the  wire  suspended  in  a  jar  of 
Eygen,  open  at  the  bottom,  such  as  that  represented  in  fig.  97,  page  225,  supported 


I  Annales  de  Chimie,  &c.,  1845,  8e.  ser.  t  xiv.  p.  211.  The  mean  of  three  weighings 
■erioiulyin&de  by  MM.  Dumas  and  Boussingaalt,  was  1105*7  (ibid.  t.  viii.  p.  201).  Baron 
rede  found  1105*2.  At  a  mach  earlier  period  T.  de  Saussure  obtained  Regnault's  nnmber, 
105-6.  These  coincidences  in  the  results  of  independent  observers  appear  to  prove  that  a 
ose  approximation  has  been  made  to  the  true  density  of  this  gas :  an  important  datum. 
lie  earlier  determination  of  MM.  Ihilong  and  BerzeUus  was  11&'6  (ibid.  1820,  2e.  ser.  t. 
r.  p.  [(86).  According  to  M.  Regnault,  the  weight  of  1(XH)  cubio  centimeters  (1  liter)  of 
cygen  gas,  at  32^  F.,  barometer  29-92  inches  (760  millimeters),  is  1*4298  gramme.  Hence, 
100  e.  e.  being  equal  to  61*028  English  c.  inches,  and  1  gramme  to  15*4440  English  grains, 
fO  cable  inches  of  oxygen,  at  the  specified  temperature  and  pressure,  weigh  86*1890  grains, 
ileulating  with  Regnault's  coefficient  for  the  expansion  of  air  (page  40),  1  volume  of  oxy- 
«  will  become  105701  volume,  at  6(P,  and  100  cubic  inches  of  oxygen  will  weigh  84*1898 
■aina  at  that  temperature. 
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upon  an  earihenwaro  plato.  The  wire  is  kindled  by  the  sulphur,  and  burDitl 
an  intense  white  light,  throwing  out  a  number  of  sparks,  or  oocaaionallj  allowta 
globule  of  fused  oxide  to  fall ;  while  the  wire  itself  continues  to  fuse  and  bunv 
it  is  entirely  consumed,  or  the  oxygen  is  exhausted.  The  experiment  forms  oai 
the  most  beautiful  and  brilliant  in  chemistry.  The  globules  of  fused  oxide  are  0 
elevated  a  temperature,  that  they  remain  red-hot  for  some  time  under  the  soli 
of  water,  and  fuse  deeply  into  the  substance  of  the  stoneware  plate  upon  nl 
they  fall.  '•' 

[A  portion  of  cast  iron  placed  upon  ignited  charcoal  and  subjected  to  a  stn 
of  oxygen,  soon  melts  and  bums  brilliantly,  throwing  off  showers  of  bright  spi 
on  all  sides.  —  B.  B.] 

Oxygen  gas  is  respirablc,  and  indeed  is  constantly  taken  into  the  lungs  from  * 
atmosphere  in  ordinary  respiration.     When  a  portion  of  dark  blood  drawn  froi 
vein  is  agitated  with  this  gas,  the  colour  becomes  of  a  fine  vermilion  red.   The  ■ 
change  occurs  in  the  blood  of  living  animals,  during  respiration,  from  the  abac 
tion  of  oxygen  gas,  which  is  required  to  maintun  the  animal  heat.    A  small  anil 
also,  such  as  a  mouse  or  bird,  lives  four  or  five  times  longer  in  a  vessel  of  oxj 
than  it  will  in  an  equal  bulk  of  air.     But  the  continued  respiration  of  this  gas  i 
state  of  purity  is  injurious  to  animal  life.     A  rabbit  is  found  to  breathe  it  witl 
inconvenience  for  some  time,  but  after  an  interval  of  an  hour  or  more  the  circuk 
and  respiration  are  much  quickened,  and  a  state  of  great  excitement  of  the  gen 
system  supervenes ;  this  is  by  and  by  followed  by  debility,  and  death  occurs  in  i 
six  to  ten  hours.     The  blood  is  found  to  be  highly  florid  in  the  veins  as  well  as 
arteries,  and,  according  to  Broughton,  the  heart  continues  to  act  strongly  afler 
breathing  has  ceased. 

Oxygen  may  be  made  to  unite  with  all  the  other  elements  except  fluorine^ 
forms  oxides,  while  the  process  of  uniting  with  oxygen  is  termed  oxidation,     t 
the  same  element  oxygen  often  unites  in  several  proportions,  forming  a  serii 
oxides,  which  are  then  distinguished  from  each  other  by  the  different  prefixes 
mcratcd  under  Chemical  nomenclature  (page  106).     Many  of  its  compounds 
acids,  particularly  those  which  contain  more  than  one  equivalent  of  oxygen  tc 
of  the  other  element,  and  compounds  of  this  nature  are  those  which  it  most  re 
forms  with  the  non-metallic  elements :  such  as  carbonic  acid  with  carbon,  sulphi 
acid  with  sulphur,  phosphoric  acid  with  phosphorus.     But  oxygen  unites  in  pi 
ence  with  single  equivalents  of  a  large  proportion  of  the  metallic  class  of  elem 
and  forms  bodies  which  are  alkaline  or  have  the  character  of  bases :  such  as  poi 
lime,  magnesia,  protoxide  of  iron,  &c.     A  certain  number  of  its  compound 
neither  acid  nor  alkaline,  and  are  therefore  called  neutral  bodies :  such  as  the  * 
of  hydrogen  or  water,  carbonic  oxide,  and  nitrous  oxide.     The  greater  numb 
these  neutral  oxides  are  also  protoxides. 

It  has  already  been  stated  that  in  a  classification  of  the  elements  oxygen  doc 
stand  alone,  but  forms  one  of  a  small  natural  family  along  with  sulphur,  selei 
and  tellurium.  These  elements  also  form  acid,  basic,  and  neutral  classes  of 
pounds,  with  the  same  bodies  as  oxygen  does,  of  which  the  sulphur  compouni 
well  known,  and  always  exhibit  a  well-marked  analogy  to  the  corresponding  a 
Oxygen-acids  unite  with  oxygen  bases,  and  form  neutral  salts :  so  do  sulphur 
with  sulphur-bases,  selenium-acids  with  selenium-bases,  and  tellurium-acidB 
tellurium-bases. 

The  combinations  of  oxygen,  like  those  of  all  other  bodies,  are  attended  wit' 
evolution  of  heat.  This  result,  which  is  often  overlooked  in  other  combinatio 
which  the  proportions  of  the  bodies  uniting  and  the  properties  of  their  com] 
receive  most  attention,  assumes  an  unusual  degree  of  importance  in  the  combin 
of  oxygen.  The  economical  applications  of  the  light  and  heat  evolved  in  these 
binations  are  of  the  highest  consequence  and  value,  and  oxidation  alone,  of  al 
mical  actions,  is  practised,  not  for  the  value  of  the  products  which  it  affozd 
indeed  without  reference  to  them,  but  for  the  sake  of  the  incidental  phem 
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attending  it  Of  tbe  chemical  combioations,  too,  wbicb  we  babitaally  witness,  tbose 
of  oxygen  are  infinitely  the  most  frequent,  which  arises  from  its  constant  presence 
and  interference  as  a  constituent  of  the  atmosphere.  Hence,  when  a  body  combines 
with  oxygen,  it  is  said  to  be  burned ;  and  instead  of  undergoing  oxidation  it  is  said 
to  suffer  eombuxtion ;  and  a  body  which  can  combine  with  oxygen  and  emit  heat  is 
termed  a  comlmstible.  Oxygen,  in  which  the  body  bums^  is  then  said  to  support 
combustion,  and  called  a  supporter  of  combustion. 

The  heat  evolved  in  combustion  is  definite,  and  can  be  measured.  With  this 
view  it  is  employed  to  melt  ice,  to  raise  the  temperature  of  water  from  32°  to  212°, 
or  to  convert  water  into  steam,  and  its  quantity  is  estimated  by  the  extent  to  which 
it  produces  these  efiects.  The  heat  from  the  oxidation  of  a  combustible  body  is  thus 
found  to  be  as  constant  as  any  other  of  its  properties.  Despretz  obtained,  by  such 
experiments,  the  results  contained  in  the  following  table :  — 

HEAT  FROM   COMBUSTION. 

1  poand  of  pure  charcoal heats  from  82°  to  212°,  78  potrnds  of  water. 

—  charcoal  from  wood —  75  — 

-^  baked  wood —  86  — 

—  wood  containiDg  20  per  cent  of  water  —  27  — 

—  bituminous  coal —  CO  — 

—  tnrf —  26  to  30  — 

—  alcohol —  C7*5  — 

—  oHtc  oil,  wax,  &o —  90  to  96  — 

—  ether —  80  — 

—  hydrogen <  -~  286*4  — 

The  quantity  of  heat  evolved  appears  to  be  connected  with  the  proportion  of 
oxygen  consumed,  for  the  greater  the  weight  of  oxygen  with  which  a  pound  of  any 
combustible  unites,  the  more  heat  is  produced.  The  following  results  indicate  that 
the  heat  depends  exclusively  upon  the  oxygen  consumed,  four  different  combustibles 
in  consuming  a  pound  of  oxygen  affording  nearly  the  same  quantity  of  heat :  — 

HEAT  OF  COMBUSTION. 

1  pound  of  oxygen  with  hydrogen  heats  from  82°  to  212°,  29}  pounds  of  water. 

—  with  charcoal  —  29  .» 

—  with  alcohol  —  .  28         '       — 

—  with  ether  —  28}  — 

The  quantity  of  combustible  consumed  in  these  experiments  varied  considerably,  . 
but  the  oxygen  being  the  same,  the  heat  evolved  was  nearly  the  same  also.  But 
when  the  same  quantity  of  oxygen  converted  phosphorus  into  phosphoric  acid, 
exactly  twice  as  much  heat  was  evolved,  according  to  Despretz,  as  in  the  former 
experiments.  The  superior  vivacity  of  the  combustion  of  these  and  other  bodies  in 
pure  oxygen,  compared  with  air,  depends  entirely  upon  the  rapidity  of  the  process, 
and  the  larger  quantity  of  combustible  oxidated  in  a  given  time.  A  candle 
bams  with  more  light  and  heat  in  oxygen  than  in  air,  but  it  consumes  proportion- 
ally faster.     [See  JSuppkmcnt,  p.  751.] 

Oxidation  is  often  a  very  slow  process,  and  imperceptible  in  its  progress  —  as  in 
tbe  rusting  of  iron  and  tarnishing  of  lead  exposed  to  the  atmosphere.  The  heat 
being  then  evolved  in  a  gradual  manner  is  instantly  dissipated,  and  never  accumu- 
lates. But  when  the  oxide  formed  is  the  same,  the  nature  of  the  change  effected  is 
in  no  way  altered  by  its  slowness.  Iron  oxidates  rapidly  when  introduced  in  a  state 
of  Ignition  into  oxygen  gas,  and  lead,  in  the  form  of  the  lead  pyrophorus,  which 
ooDtains  that  metal  in  a  high  state  of  division,  takes  fire  spontaneously  and  bums 
in  the  air ;  circamstances  then  favouring  the  rapid  progress  of  oxidation. 

Oxidation  may  also  go  on  with  a  degree  of  rapidity  sufficient  to  occasion  a  sensiblo 
eToladon  of  heat,  bat  without  flame  and  open  combustion.  The  absorption  of 
oxygen  by  BpiritaooB  Uqaors  in  becoming  acetic  acid,  and  by  many  other  organic 
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substances,  is  always  attended  with  the  production  of  heat     The  Bmouldering 
bustion  of  iron  pyrites  and  some  other  metallic  ores  in  the  atmosphere,  is  a  phM 
menon  of  the  same  nature.     Most  bodies  which  bum  with  flame  also  admit  of  bell 
oxidated  at  a  temperature  short  of  redness,  and  exliibit  the  phenomenon  of  Jaw  cM 
bustion.     Thus,  tallow  thrown  upon  an  iron  plate  not  visibly  red-hot,  molts  ■ 
undergoes  oxidation,  diffusing  a  p^ile  lambent  flame  yisible  only  in  the  dark  (Dr.^' 
J.  B.  Williams).     If  the  tallow  be  heated  in  a  little  cup  with  a  wire  attached,  f 
it  boils  and  catches  flre,  and  the  flame  then  be  blown  out,  the  hot  tallow  will  si 
continue  in  a  state  of  low  combustion,  of  which  the  flame  may  not  be  Tisiblo,  I 
which  is  sufficient  to  cause  the  renewal  of  the  high  combustion,  if  the4:up  }fi  lam 
diatcly  introduced  into  a  jar  of  oxygen  gas.  A  candle  newly  blown  out  is  sometia 
rekindled  in  oxygen,  although  no  point  of  the  wick  remains  visibly  red,  owing  to  1 
continuance  of  this  low  combustion.     When  a  coil  of  thin  platinum  wire,  or  a  pi 
of  platinum  foil,  is  first  heated  to  redness,  and  then  held  over  a  vessel  contaim 
ether  or  hot  alcohol,  the  vapours  of  those  substances,  mixed  with  the  air,  oxid 
upon  the  hot  metallic  surface,  and  may  sustain  the  metal  at  a  rod  heat  for  a  k 
time,  without  the  occurrence  of  combustion  with  flame.     The  product,  however, 
the  low  combustion  of  these  bodies  is  peculiar,  as  is  obvious  from  its  pung 
odour. 

Combustion  in  air,  —  The  affinity  for  oxygen  of  all  ordinary  combustible! 
greatly  promoted  by  heating  them,  and  is  indeed  rarely  developed  at  all  except  i 
high  temperature.  Hence,  to  determine  the  commencement  of  combustion,  i 
commonly  necessary  that  the  combustible  be  heated  to  a  certain  point.  But 
degree  of  heat  necessary  to  inflame  the  combustible  is  in  general  greatly  inferioi 
what  is  evolved  during  the  progress  of  the  combustion,  so  that  a  combustible,  c 
inflamed;  maintains  itself  sufficiently  hot  to  continue  burning  till  it  is  entirely  < 
sumed.  Here  the  difference  may  be  observed  between  combustion  and  simple  i 
tion.  A  brick  heated  till  it  be  red-hot  in  a  furnace,  and  taken  out,  exhibits  ignil 
but  has  no  means  within  itself  of  sustaining  a  hi^b  temperature,  and  soon  loses 
heat  which  it  had  acquired  in  the  fire,  and  on  cooling  is  found  unchanged.    • 

The  oxidable  constituents  of  wood,  coal,  oils,  tallow,  wax,  and  all  the  ordii 
combustibles,  are  the  same,  namely,  carbon  and  hydrogen,  which  in  combining 
oxygen,  at  a  high  temperature,  always  produce  carbonic  acid  and  water;  vol 
bodies,  which  disappear,  forming  part  of  the  aerial  column  that  rises  from  the  b 
ing  body.     The  constant  removal  of  the  product  of  oxidation,  thus  effected  b 
volatility,  greatly  favours  the  progress  of  combustion  in  such  bodies,  by  permit 
the  free  access  of  air  to  the  unconsumed  combustible.     The  influence  of  air  in  > 
bustion  is  obvious  from  the  facility  with  which  a  fire  is  checked  or  extingui 
when  the  supply  of  air  is  lessened  or  withheld,  and,  on  the  contrary,  revived 
animated  when  the  supply  of  air  is  increased  by  blowing  up  the  fire.     Foi 
oxygen  of  the  air  being  consumed  in  combining  with  the  combustible,  a  con 
renewal  of  it  is  neceasary.     Hence,  if  a  lighted  taper,  floated  by  a  cork  upon  w 
bo  covered  with  a  bell  jar  having  an  opening  at  top,  such  as  that  in  which  the 
wire  was  burned,  the  taper  will  bum  for  a  short  time  without  change,  then  mon 
more  feebly,  in  proportion  as  the  oxygen  is  exhausted,  and  at  last  will  expire, 
air  remaining  in  the  jar  is  no  longer  suitable  to  support  combustion,  aud  a  sc 
lighted  taper  introduced  into  it  by  the  opening  at  top  is  immediately  extingui 

In  combustion,  no  loss  whatever  of  ponderable  matter  occurs ;  nothing  is  ar 
latcd.  The  matter  formed  may  always  be  collected  without  difficulty,  aud  is  i 
to  have  exactly  the  weight  of  the  oxygen  and  combustible  togetlier  which  hav< 
appeared.  The  most  simple  illustrations  of  this  fact  are  obtained  in  the  combv 
of  those  bodies  which  afford  a  solid  product.  Thus  when  two  grains  of  phospl 
are  kindled  in  a  measured  volume  of  oxygen  gas,  they  are  iound  converted 
combustion  into  a  quantity  of  white  powder  (phosphoric  acid),  which  weigl 
grains,  or  the  phosphoms  acquires  2^  grains;  at  the  same  time  7}  cubic  v 
of  oxygen  disappear,  which  weigh  exactly  2^  grains.     In  the  same  way,  when 
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TITO  is  burned  in  ozjcen,  .tlie  ireight  of  solid  oxide  produced  is  foaod  to  be  equal 
to  that  of  the  wire  originslly  employed  added  to  that  of  tho  oxygen  ps  wliieli  has 
disappenred.  But  tho  oxidation  of  mercury  affords  a  more  complete  illustnition  of 
what  occur?  in  combustion.  Exposed  to  a  moderate  degreo  of  lieat  for  a  conaidcnible 
time  in  a  vessel  filled  irith  oxygen,  that  metal  is  converted  into  red  scales  of  oxide, 
possessing  the  additional  veignt  of  a  certain  volume  of  oxygen  which  has  disappeared. 
But  if  the  oxide  of  mereury  so  produced  be  then  put  into  &  small  retort,  and  recon- 
Tcrtcd  by  a  red  heat  into  oxygen  and  fluid  mercury,  the  quantity  of  oxygen  emitted 
is  foond  to  be  the  same  as  had  combined  with  the  mercury  in  the  first  part  of  the 
operation ;  thus  proving  tliat  oxygen  is  really  present  in  tho  oxidised  body. 

The  evolution  of  heat,  which  is  the  most  striking  phenomenon  of  combustion,  still 
remains  to  be  accounted  for.  It  has  been  referred  to  the  loss  of  latent  hent  by  the 
combustible  and  oxygen,  when,  from  the  condition  of  gas  or  liquid,  one  or  both 
become  solid  after  combustion;  to  a  reduction  of  capacity  for  heat,  the  spccifio  heat 
of  the  product  being  supposed  to  be  less  than 
that  of  the  bodies  burned;  and  to  a  discharge 
of  the  electricities  belonging  to  the  different 
bodies,  occurring  in  tho  act  of  combination. 
But  the  first  two  hypotheses  are  manifestly 
insufficient,  and  the  last  is  purely  speculative. 
The  evolution  of  heat  during  intense  chemical 
combination,  such  as  o«idation,  may  be  received 
at  present  as  an  ultimate  fact ;  but  if  we  choose 
to  go  beyond  it,  wc  must  suppose  that  the  heat 
exists  in  a  combined  and  latent  stale  in  either 
the  oxygen  or  combustible,  or  in  both;  that 
each  of  these  bodies  is  a  compound  of  its  ma- 
terial basis  with  beat,  the  whole  or  a  deSnite 
qnanlity  of  which  they  throw  off  on  combining 
with  each  other.  Heat,  like  other  raateriiS 
■ubstanccs,  is  here  supposed  not  to  evince  its 
jwculiar  properties  while  in  a  state  of  combina-^ 
tion  with  other  matter,  but  only  when  isohktcd 
•nd  free.  This  view  gives  a  literal  character 
to  the  expressions — liberation,  disengagement, 
and  evolution  of  heat  during  combus- 
tion. The  phenomenon,  it  is  to  be 
remembered,  is  not  confined  to  oxida- 
tion, but  occura  in  an  equal  degree  in 
combinaiions  without  oxygen,  and  in- 
deed to  a  greater  or  less  extent  in  all 
chemical  combinations  whatever. 

Pure  oxygen  has  not  as  yet  found 
knj  considerable  application  in  the  arts. 
But  by  the  chemist  it  ls  applied  to  sup- 
port combustion  with  the  view  of  pro- 
ducing intense  heat.  A  jet  of  this  gas 
from  a  gas-bolder  (fig.  100),  thrown 
Tipou  the  flame  of  a  spirit-lamp,  pro- 
duces &  blow-pipe  flame  of  great  inten- 
nty,  adequate  to  fuse  platinnm.  Or, 
if  coal-gaa  bo  conducted  to  the  oxygen 
jet  (fig.  101),  and  the  gases  kindled 
■9  they  issoc  together,  a  flame  is  pro- 
dneod  of  equally  high  teropcroture. 
Where  a  large  qosntity  of  oxygen  Is 
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required,  as  in  ibis  application  of  it,  the  gaa  may  be  obtained  by  heating  <X3&Ui 
manganese  in  a  cylinder  of  cast  iron  supported  over  a  furnaoei  like  the  retoiftj 
coal  gas.  The  calcined  oxide  does  not  regain  its  oxygen  when  afterwardB  expo0oj| 
the  air,  as  was  once  supposed,  but  would  still  be  of  some  Taloe  in  the  prepanl 
of  chlorine. 

Ozone,  —  When  electric  sparks  are  taken  through  perfectly  dry  oxygen,  a  n 
portion  of  the  gas  acquires  new  properties,  according  to  A.  de  la  Rive,  and  is  i 
posed  by  Bcrzelius  to  pass  into  an  allatropic  condition,  in  which  it  is  named  oa 
from  the  peculiar  odour  it  possesses,  and  which  is  somewhat  metallic  in  charao 
The  oxygen  evolved  from  the  decomposition  of  water  in  the  voltameter  (page  2 
has  the  same  odour.  But  the  most  ready  mode  of  producing  it  is  to  plaoe  a 
sticks  of  phosphorus  in  a  quart  bottle  containing  a  little  water  at  the  bottom  ol 
While  the  sticks  of  phosphorus  undergo  the  low  combustion  and  are  luminous, ; 
ducing  fames  of  phosphorus  acid  and  absorbing  much  o]^gen,  they  give  rise  to 
appearance  of  ozone  in  the  air  of  the  bottle  in  a  manner  not  at  present  nnderstoc 

This  substance  has  never  been  obtained  in  a  separate  state,  but  air  impregni 
with  it  acts  very  much  as  if  a  trace  of  chlorine  gas  were  present^  which  ozone  app 
to  resemble.     In  ozonized  air,  paper  impregnated  with  a  solution  of  iodide  of  pc 
sium  immediately  becomes  brown  from  the  liberation  of  iodine ;  also  paper  ooni 
ing  a  solution  of  sulphate  of  manganese  soon  becomes  brown  or  black,  from 
formation  of  binoxide  of  manganese.     The  same  air  made  to  stream  through  a  i 
tion  of  the  yellow-fcrrocyanide  of  potassium  converts  it  into  the  red  ferricyai 
Ozone  appears  to  be  a  gas  not  sensibly  dissolved  by  water.     It  is  destroyed 
heat  of  140°,  by  contact  with  defiant  gas,  and  such  other  hydrocarbons  as  com 
with  chlorine,  by  phosphorus,  or  reduced  silver.     In  the  latter  case  nothing  apj 
except  oxide  of  silver.     It  passes,  I  find,  through  dry  and  porous  stoneware,  ai 
therefore  not  likely  to  bo  merely  an  electrical  grouping  of  gaseous  molecules, 
fessor  Schonbcin,  who  named  this  substance,  and  has  made  it  the  object  of  x 
investigations,  considers  it  to  be  a  volatile  peroxide  of  hydrogen.     [^See  Sw 
ment,  p.  759.] 
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Equivalent  1,  as  the  basis  of  the  Hydrogen  Scale^  or  12-5  (oxygen=100);  si 
U;  density  G9-2G  (air  1000);  combining  measure  \    \    \  (two  volumes). 

Hydrogen  gas,  which  was  long  confounded  with  other  inflammable  airs,  wa 
correctly  described  by  Cavendish,  in  17CC.  It  does  not  exist  uncombined  in  na 
at  least  the  atmosphere  does  not  contain  any  appreciable  proportion  of  hydi 
But  it  is  one  of  the  elements  of  water,  and  enters  into  nearly  every  organic 
stance.  Its  name  is  derived  from  vd<op,  water,  and  f/twoM,  I  give  rise  to,  and  : 
to  its  forming  water  when  oxidated. 

Preparation. — This  element,  although  resembling  oxygen  in  being  a  gas,  aj 
to  be  more  analogous  to  a  metal  in  its  relations  to  other  elements.  By  heating 
of  mercury,  it  is  resolved  into  oxygen  and  mercury ;  and  several  other  mi 
oxides,  such  as  those  of  silver  and  gold,  are  susceptible  of  a  similar  decompof 
But  some  others  are  deprived  of  only  a  portion  of  their  oxygen  by  the  most  ii 
heat,  such  as  binoxide  of  manganese ;  and  many,  such  as  the  protoxide  of  lea 
not  decomposed  at  all  by  simple  calcination.  By  igniting  the  latter  oxide,  hoi 
mixed  with  charcoal,  its  oxygen  goes  off  in  combination  with  carbon,  as  cai 
oxide,  and  the  lead  is  left.  The  oxide  of  hydrogen  or  water  is  similarly  aff 
Potassium  and  sodium  brought  into  contact  with  it,  at  the  temperature  of  tl 


•onr  is  obtained  by  boiliog  water  in  the  small  retort  a,  and  the  gas  pro- 
ts  decomposition  collected  in  the  usual  manner  at  the  pnenmatio  trough, 
cccssary  to  bavo  a  flask  h  bctwi^cn  tlic  iron  tube  and  the  trough,  to  pre- 
sident from  the  water  of  the  trough  finding  access  to  the  red-hot  tube,  in 
of  condcnaation  of  the  Tapour  in  a. 

iher  compounds  of  hydrogen  arc  decomposed  more  easily  than  water,  by 
[inc.  The  chloride  of  hydrogen  or  hydrochloric  acid  is  decomposed  by 
lis,  and  evolves  hydrogen  at  the  ordinary  temperature  of  the  air.  But 
s  more  generally  obtained  by  putting  pieces  of  zinc  or  iron  into  oil  of 
the  concentrated  aulphuria  acid,  diluted  with  sis  or  eight  times  its  bulk 

The  hjdro^n  is  then  derived  from  the  decomposition  of  the  proportion 
Dtimately  united  with  the  acid,  as  illustrated  in  the  following  diagram-, 

used,  and  the  quantities  ezpreascd : — 
in  decomposition.  After  <]ecoinpoe!tion. 

Titriol,  or  f  Hydrogen  1     1     Hydrogen. 

Ipliate   of  ■<  Oxygen 8     ^. 

tcr  (Sulphuric  acid    40     ,,^,^ 

!  Zinc 32.52—^80.52   Sulphate   of 

oxide  of  DUO. 

81.52  81.52 

ymbols: — 

HO+SO,  and  Zn=ZnO+SO,  and  H. 

lissolves  in  the  acid  with  effervescence,  from  the  escape  of  hydrogen  gas. 
observed  that  the  products  after  decompodtJon,  mentioned  in  the  ust 
ydrogen  and  sulphate  of  oxide  of  sine,  are  ramilar  to  those  before  deoom< 
a  the  first  column,  zinc  and  sulphate  of  water;  and  that  the  ohango  OO- 
I  nmpi;  the  iubslUul'um  of  zinc  for  hydrogen  in  tho  sulphate  of  water. 
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CEcnpes.  With  an  ounce  or  two  of  sua  in  i^ 
bottle  is  two-tbirds  filled  vith  water,  ind  the^ 
luted  acid  added  from  time  tA  time  bj  the  fi^ 
BO  as  to  sustain  a  continaed  effervescence.  Ifi 
escapes  hj  the  funnel  tube,  as  ita  extremitjr  «l 
the  bottle  la  always  coyered  by  tbo  fluid.  To. 
duce  large  quaatitics,  a  bolf-gallon  sCone-wiR 
maybe  mounted  as  a  gas-bottle,  with  a  flcxiUl 
tallio  pipe  fitted  to  the  cork  as  the  exit  tube. 
gn3  may  be  collected,  like  oxygen,  either  !■ 
over  the  pueumatio  trough,  or  in  the  gns-ht 
The  first  jar  or  two  filled  will  contain  the  air  • 
gas-bottle,  and  therefore  must  not  be  considet 
pure  hydrogen.  One  ounce  of  ejdc  is  font 
causo  the  evoluUon  of  615  cubic  inches  of  bydi 
i  gas. 

Properties. — Hydrogen  gas  thus  prepu 
not  ahnolutely  pure,  but  conliuns  traces  id 
pburetted  hydrogen  and  carbonic  ociU,  which  may  be  removed  by  a^ 
the  gas  with  lime-water  or  caustic  alkali.  It  has  also  a  porticolar  odour, 
ia  nut  essential  to  hydrogen,  as  the  gaa  evolved  from  the  amal^m  of  so 
acted  on  by  pure  water  without  aeid,  is  perfectly  inodorous.  An  oily  eompou 
carbon  and  hydrogen,  which  appears  to  be  the  cause  of  this  odour,  may  be  scp 
in  a  sensible  quantity  from  llic  gaa  prepared  by  iron,  hy  trausmitting  it  tb 
alcohol.  Of  the  pure  gas,  water  does  not  dissolve  more  than  IJ  per  cent, 
bulk.     Hydrogen  has  never  been  liquefied  by  cold  or  pressure. 

Hydrogen  is  the  lightest  substance  in  nature,  being  sixteen  times  lighte 
oxygen,  and  14.4  times  lighter  than  air;  100  cubic  inches  of  it  weigh  onl 
grains.  Soap-bubbles  blown  with  this  gas  ascend  in  tbo  atmosphere;  and  iti: 
as  is  well  known,  to  inflate  ballooas,  which  begin  to  rise  when  the  weight 
stuff  of  which  they  are  made  and  the  hydrogen  together,  are  less  than  the 
of  an  equal  bulk  of  air.  A  light  bag  is  prepared  for  making  this  experiment 
cbambcr,  by  distending  the  lining  membrane  of  the  crop  of  the  turkey,  wliii 
weigh  35  or  36  graius,  and  when  filled  with  hydrogen,  about  5  gnuus  more 
grains ;  the  same  bulk  of  air,  however,  would  weigh  50  or  51  griuns;  so  tl 
Tittle  balloon  when  filled  with  hydrogen  has  a  buoyant  power  of  9  or  10 
Larger  bags  are  prepared  fur  the  same  purpose,  of  gold-beaters'  skin.  Soun 
duced  in  this  gas  wore  found  by  Leslie  to  be  cstreraely  feeble;  much  more 
indeed,  than  its  rarity  compared  with  air  could  account  for.  Hydrogen 
taken  into  the  lungs  without  jncouvonieuce,  when  mixed  with  a  largo  quai 
air,  l>eing  in  no  way  deleterious;  but  it  does  not,  like  oxygen,  support  lesf 
and  therefore  an  animal  placed  in  pure  hydrogen  soon  dies  of  suffocation.  A 
taper  is  e.^tiuguished  in  tbe  same  gas. 

Hydrogen  is  eminently  combustible,  and  bums  when  kindled  in  tbe  «ii 
yellow  fiame  of  little  intensity,  which  moistens  a  dry  glass  jar  held  over  it; 
combining  with  tbe  oxygen  of  the  air  iu  burning,  and  producing  water.  II 
being  kindled  tbe  gas  is  first  mixed  with  enough  of  air  to  bum  it  compl< 
with  between  two  and  three  times  ita  volume,  and  then  kindled,  the  combu 
tbe  whole  hydrogen  is  instantaneous  and  attended  with  explosion.  With  pure 
instead  of  air,  the  explosion  is  much  more  violent,  particularly  when  tbe  g 
mixed  in  tbe  proportions  of  two  volumes  of  hydrogen  to  ono  of  oxygen,  wl 
the  proper  quantities  for  combination.  The  combustion  is  not  thus  pro 
through  n  mixture  of  these  gases,  when  cither  of  them  is  in  great  cxccs' 
Bound  in  such  detonations  is  occas'ioned  by  the  concussion  which  the  atmosp 
ccives  from  the  sudden  dilatation  of  gaseous  matter,  in  this  case  of  Bteam,  ' 
prodigiously  expanded  from  tbe  beat  evolved  in  its  formation. 
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A  mosical  note  may  be  produced  by  means  of  these  detonations, 
when  they  are  made  to  snoceed  each  other  very  rapidly.  If  hydro- 
gen be  generated  in  a  gas-bottle  (fig.  104),  and  kindled  as  it 
escapes  £nom  an  npright  glass  jet  having  a  small  aperture,  the  gas 
will  be  found  to  bum  tranquilly ;  but  on  holding  an  open  glass 
tube  of  about  two  feet  in  length  over  the  jet,  like  a  chimney,  the 
flame  will  be  elongated  and  Decome  flickering.  A  succession  of 
little  detonations  is  produced,  from  the  gas  being  carried  up  and 
mixing  with  the  air  of  the  tube,  which  follow  each  other  so 
qiuckly  as  to  produce  a  continuous  sound  or  musical  note. 

Several  circumstances  afiect  the  combination  of  hydrogen  with 
oxygen,  which  are  important.  These  gases  may  be  mixed  together 
in  a  glass  vessel,  and  preserved  for  any  length  of  time  withoui 
combining.  But  combination  is  instantly  determined  by  flame,  by 
pasfdng  the  electric  spark  through  the  mixture,  or  even  by  intro- 
ducing into  it  a  glass  rod,  not  more  than  just  visibly  red-hot. 
Hydrogen,  indeed,  is  one  of  the  more  easily  inflammable  gases. 
If  the  mixed  gases  be  heated  in  a  vessel  containing  a  quand^  of  pulverized 
glass,  or  any  sharp  powder,  they  begin  to  unite  in  contact  wich  the  foreign  body 
in  a  gradual  manner  without  explosion,  at  a  temperature  no'o  exceeding  660^. 
The  presence  of  metals  disposes  them  to  unite  at  a  still  lower  temperature; 
and  of  the  metals,  those  which  have  no  disposition  of  themselves  to  oxidate,  such 
as  gold  and  platinum,  occasion  this  slow  combustion  at  the  lowest  temperature. 
In  1824,  Doberciner  made  the  remark&ble  discovery  that  newly  prepared  spongy 
platinum  has  an  action  upon  hydrogen  mixed  with  oxygen,  independently  of  its 
temperature,  and  quickly  becomes'  red-hot  when  a  jet  of  hydrogen  is  thrown 
upon  it  in  air,  combination  of  the  gases  being  eflected  by  their  contact  with  the 
metal.  In  consequence  of  this  ignition  of  the  platinum  the  hydrogen  itself  is  soon 
inflamed,  as  it  issues  from  the  jet.  An  instrument  depending  upon  this  action  of 
platinum  has  been  constructed  for  producing  an  instantaneous  light.  Afterwards, 
Mr.  Faraday  observed,  that  the  divided  state  of  the  platinum,  although  favourable, 
is  not  essential  to  this  action ;  and  that  a  plate  of  that  metal,  if  its  surface  be  scru- 
pulously clean,  will  cause  a  combination  of  the  gases,  accompanied  with  the  samo 
phenomena  as  the  spongy  platinum.  This  action  of  platinum  is  manifested  at  tem- 
tures  considerably  below  the  freezing  point  of  water,  and  in  an  explosive  mixture 
ly  diluted  with  air  or  hydrogen.  Spongy  platinum,  made  into  pellets  with  a 
little  pipe-elay,  and  dried,  when  intro- 
dnced  into  mixtures  of  oxygen  and  hy- 
drogen will  be  found  to  cause  a  gradual 
and  silent  combination  of  the  gases,  in 
whatever  proportions  they  are  mingled, 
which  will  not  cease  till  one  of  them  is 
completely  exhausted.  The  theory  of  this 
effect  of  platinum  is  very  obscure.  It 
belongs  to  a  class  of  actions  depending 
upon  surface,  not  confined  to  that  metal, 
azid  by  which  other  combustible  vapor- 
ous bodies  are  afiected  besides  hydrogen. 

The  flame  of  hydrogen,  although  so 
•lightly  luminous,  is  intensely  hot ;  few 
combinations  producing  so  high  a  tem- 
perature as  the  combustion  of  hydro- 
gen. In  the  oxi-hydrogen  blow-pipe, 
oxygen  and  hydrogen  gases  are  brought 
by  tubes  o  and  h  (fig.  105),  firom  cuf- 
fi:rcnt    gK»-holdeny    and    allowed    to 
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mix  immediatelj  before  they  escape  bj  the  same  orifice,  at  whidi  Qtej  ue  inflHl 
This  is  most  safely  effected  by  fiziag  a  jet  for  the  oxygen  within  the  jet  of  hydiq 
(fig.  106),  so  that  the  oxygen  is  iatroduced  into  the  middle  of  the  fluoe  of  hjdcq 


— a  conatnietion  first  proposed  by  Mr.  Maugham,  [first  made  and  used  by  PttA 
Hare. — R.  B.]  and  adapted  to  the  use  of  coal-gas  iDsIead  of  hydrogen  bf 
Daniell.  (Pbil.  Mag.  3d  Ber.,  vol.  ii.  p.  57.)  Each  of  the  gases  may  be  mon 
Teniently  conluned  in  a  separate  ur-tight  bag  of  Macintosh  doth  capable  of  bol 
fkim  4  to  6  cubic  feet  of  gas,  and  provided  with  press-boards.  These  require  i 
loaded  with  two  or  three  SGlba.,  when  in  use,  to  send  out  the  gas  with  anil 
pressure.  At  this  flame  the 
Fio.  107.  refractory  substances,  Buch  >■ 

cky,  silica  and  platinum,  are  I 
with  &cility,  and  the  latter 
dissipated  in  the  state  of  TV 
The  flune  itself,  owing  to  tb 
Bcnce  of  solid  matter,  ia  sci 
luminous,  but  any  of  the  less 
ble  earths,  upon  which  it  is  thi 
— a  mass  of  quick-lime,  for  iof 
i  C«i  fig-  lO'*) — '3  heated  mot 

tensely,  and  diffuses  a  light,  n 

for  whiteness  and  brilHancy,  may  be  compared  to  that  of  the  sun.  With  the  i 
site  supply  of  the  gases,  this  light  may  be  sustained  for  hours,  care  being  ta) 
move  the  moss  of  lime  slowly  before  the  flame,  so  that  the  same  surface  may  i 
long  acted  upon;  for  the  high  irradiating  power  of  the  lime  is  soon  impaired 
supposed  from  a  slight  agglutination  of  its  particles  occasioned  by  the  heat. 
light,  placed  in  the  focus  of  a  parabolic  reflector,  was  found  to  be  visible,  i 
direction  in  which  it  was  thrown,  at  a  distance  of  G9  miles,  in  one  experiment 
by  Mr.  Drummond,  when  using  it  as  a  signal  light.  The  heating  cffecta  are 
more  intense  when  the  gases  arc  forced  into  a  common  receptacle,  and  alloi 
escape  &om  under  pressure,  but  there  is  the  greatest  risk  of  the  flame  paaunj 
through  the  exit  tube  and  exploding  the  mixed  gases;  an  accident  which 
expose  the  operator  to  the  greatest  danger.  Mr.  llemming's  apparatus,  fao< 
may  be  used  without  the  least  apprcUonaion,  A  common  bladder  ia  used  t 
the  mixture,  and  the  gas  before  reaching  the  jet,  at  which  it  is  burned,  is  m 

C  through  his  safety  tube.  This  consists  of  a  brass  cylinder  about  ux 
J  and  three-fourths  of  an  inch  wide,  filled  with  fine  brass  wire  of  the 
length,  which  is  tightly  wedged  by  forcibly  inserting  a  pointed  rod  of  metal  h 
centre  of  the  bundle.  The  conducting  power  of  the  metallic  channels  tl 
which  the  gas  has  then  to  pass  is  so  great  as  completely  to  intercept  the  pass 
fiarac.  A  similar  safety  tube  of  smaller  size  is  interposed  at  6,  in  £g.  105, 
first  arrangement. 

Hydrogen  is  capable  of  forming  two  compounds  with  oiygen,  namely, 
which  is  the  protoxide,  and  the  binoxidc  of  hydrogen. 

The  most  important  of  the  present  applications  of  hydrogen  gas  is  in  tl 
hydrogen  blow-pipc.  It  has  been  superseded,  as  a  matcri^d  for  inflating  ba 
by  coal  gas,  the  balloon  being  proportionally  enlarged  lo  compensate  for  tl 
buoyancy  of  the  latter  gas.    [See  &liijiplement,  p.  76^.] 
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feni  9,  OT  112.5  tm  the  oxygen  scale;  formuJa  H  +  0,  or  HO;  density  1; 
05  steam  622  (air  1000);  combining  measttre  of  tteam  \    \    ]  . 

^EiTendish  first  demonstnted,  in  1781,  that  the  product  of  tlie  combustion 
ogen  and  oiygea  is  irat«r.  He  bumcd  known  quantities  of  these  gases  in  & 
»  vessel,  aod  fonnd  that  water  was  formed  in  quantity  exactly  equal  to  the 
of  the  gases  which  disappeared.  It  was  afterwards  eatablisbed  by  Hum- 
ad  Gay-Lussac,  that  the  gases  unite  rigorously  in  the  proportion  of  two 
s  of  hydrogen  to  one  Tolume  of  oxygen,  and  that  the  water  prodneed  by 
lion  occupies,  while  it  remains  in  the  slate  of  vapour,  exactly  two  volumes 
26).  The  proportion  of  the  constituents  of  water  by  weight  was  determined 
eat  care  by  IJcrzelius  and  Dulnng.  Their  method  was  to  transmit  dry  hydro* 
.  over  a  known  weight  of  the  black  oxide  of  copper,  contained  in  a  glass  tube, 
ited  to  redaess  by  a  lamp.  The  gas  wag  afterwards  convoyed  through  another 
1  tube  eontaining  the  hygrometric  salt,  chloride  of  calcium.  The  hydrogen 
>assing  over  the  oxide  of  copper,  combines  with  its  oxygen  and  forms  water, 
B  carried  forward  by  the  excess  of  hydrogen  gas,  and  absorbed  in  the  chloride 
nm  tube.  The  weight  of  this  water  being  ascertained,  the  proportion  of 
it  contains  is  determined  by  ascertaining  the  loss  which  the  oxide  of  copper 
bained  :  the  difierence  is  the  hydrogen. 

apparatus  for  such  an  cxperimonl  is  iliostrotcd  in  the  following  diagram 
8).     The  oxide  of  copper  to  be  reduced  Is  contained  in  F,  it  small  fla^  of 


ass,  having  two  openings,  and  heated  by  a  spirit  lamp.  This  flask  ci 
ith  another,  G,  intended  to  receive  the  greater  part  of  the  water  prodncedin 
lerinicnt,  which  is  followed  by  a  bent  tube  H,  eontaining  fmgmenta  of  pumice 
in  oil  of  vitriol,  intended  to  receive  the  last  portions.  The  hydrogen  gas  for 
rpoee  must  be  very  pure,  and  thoroughly  dry.  It  is  evolved  slowly  from  a 
Uc  A,  and  passes  through  a  second  fettle  B,  and  the  bent  tube  C,  both  con- 
a  coDceotnted  solution  of  caustic  potassa;  and  afterwards  the  bent  tube  D, 
ing  *■  solution  of  chloride  of  mercury  in  pumice :  and  lastly  through  the  bent 
,  ooDtaining  oil  of  vitriol  in  pumice,  proceeding  thence  entirely  purified  into 
tho  exce»  of  hydrogen  gas  escaping  by/.    Numerous  most  careful  expen- 
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ments,  lately  executed  in  tbis  manner  by  M.  Dumas^  prove  that  water  I 
exactly  by  weight  of —  .^ 

Oxygen 88-91 8   .j 

Hydrogen  1109 1    i 

10000  "^    . 

Tbe  oxygen  and  hydrogen  are  therefore  combined  exactly  in  the  propordi 
to  1,  as  appears  by  the  proportions  of  the  last  column.  This  experiment  atf 
only  to  determine  rigorously  the  composition  of  water,  but  it  offers  also  ll 
method  of  ascertaining  the  composition  of  such  metallic  oxides  as  are  da-fl 
by  hydrogen.  i 

Properties.  —  When  cooled  down  to  32^,  water  freezes,  if  in  a  state  of  td 
but  may  retain  the  liquid  condition  at  a  lower  temperature,  if  at  rest  (page  6| 
icC;  however,  into  which  it  is  converted  cannot  be  heated  above  32^  without  M 
Ice  is  lighter  than  water,  its  specific  gravity  being  0-916 ;  and  one  ci  thi 
(fig.  109)  of  its  crystal  is  a  rhomboid,  very  nearly  resembling  Iceland  spar.  •< 
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Water  is  elastic  and  compressible,  yielding,  according  to  Oersted,  53  mfl 
of  its  bulk  to  the  pressure  of  the  atmosphere,  and,  like  air,  in  proportiodi 
compressing  force  for  different  pressures.     The  peculiarities  of  its  expansion  t 
while  liquid,  have  already  been  fully  described  (page  38).     Under  a  bail 
pressure  of  30  inches,  it  boils  at  212°,  but  evaporates  at  all  inferior  tempei 
Its  boiling  point  is  elevated  by  the  solution  of  salts  in  it,  and  the  temperi 
the  steam  from  these  solutions  is  not  constantly  212°,  as  has  been  alleged,  1 
of  the  lu{«t  strata  of  liquid  through  which  the  steam  has  passed.     When  miai 
air,  the  vapour  of  water  has  a  tendency  to  condense,  it  is  said,  in  vesiclef 
inclose  air ;  forming  iu  this  condition  the  masses  of  clouds,  which  remain  sof 
in  the  atmosphere  from  the  lightness  of  the  vesicles,  the  substance  of  mists  tf 
and  '^vapour"  generally,  in  its  popular  meanine.     The  vesicles -may  be  obaa 
a  lens  of  an  inch  in  focal  length,  over  the  dark  surface  of  hot  tea  or  coffee 
with  an  occasional  solid  drop  which  contrasts  with  them.     According  to  thd 
ments  of  Saussure,  made  upon  the  mists  of  high  mountains,  these  vesicles  g 
vary  in  size  from  the  l-4500th  to  the  l-2780th  of  an  inch,  but  are  oooi 
observed  as  large  as  a  pea.     They  are  generally  condensed  by  their  collii 
solid  drops,  and  full  as  rain ;  but  their  precipitation  in  that  form  is  much  : 
in  some  conditions  of  the  atmosphere.     It  is  proper  to  add,  however,  that '. 
Forbes  and  several  other  eminent  meteorologists  disbelieve  entirely  the  exit 
vesicular  vapour. 

It  was  lately  discovered  by  Mr.  Grove  that  the  vapour  of  water  is  dccoD 
a  small  but  sensible  extent  by  an  exceedingly  high  temperature,  and  resol 
its  constituent  gases.  If  a  small  ball  of  platinum,  of  the  size  of  a  large  pea 
wire  attached  to  it,  be  heated  in  the  flame  of  the  oxi-hydrogen  blow-pipe  t 
whiteness,  and  till  it  begins  to  show  symptoms  of  fusion,  and  then  plonged 
water,  minute  bubbles  of  gas  rise  with  the  steam,  which  consist  of  a  mr 
oxygen  and  hydrogen.     Only  a  small  portion  of  the  steam^  not  amountiog 
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one-thousandth  part  of  the  whole  produced  (It  is  supposed)  suffers  decomposition. 
The  occurrence  of  a  decomposition  in  such  circumstances,  which  is  unquestionable, 
appears  singular,  seeing  that  oxygen  and  hydrogen  certainly  combine  at  the  same, 
or  even  a  higher,  temperature  in  the  flame  of  the  blow-pipe,  which  is  employed  to 
heat  the  platinum  ball.  The  combustion  in  the  blow-pipe  may,  indeed,  be  incom- 
plete, but  this  is  unlikely,  for  I  find  that  when  the  mixed  gases  are  exploded  in  a 
glass  tube,  the  combustion  is  so  complete  that  certainly  not  one  part  in  four  thousand, 
if  any  portion  whatever,  escapes  combustion.  It  is  a  question  whether  the  decom- 
position of  the  steam  by  ignited  platinum  is  not  an  exhibition  of  the  deoxidizing 
action  of  light  rather  than  the  effect  of  heat ;  the  blow-pipe  flame  itself  being  scarcely 
visible,  while  the  decomposing  platinum,  although  necessarily  of  a  lower  tempera- 
ture, is  highly  incandescent. 

A  cubic  inch  of  water  at  62®,  Bar.  30  inches,  weighs  in  air  252.458  grains.  The 
imperial  gallon  has  been  defined  to  contain  10  pounds  avoirdupois  (70,000  grains) 
of  distilled  water  at  that  temperature  and  pressure.  Its  capacity  is  therefore  277.19 
cubic  inches.  The  specific  gravity  of  water  at  60*^  is  1,  being  the  unit  to  which  the 
densities  of  all  other  liquids  and  solids  are  conveniently  referred ',  it  is  815  times 
heavier  than  air  at  that  temperature. 

In  its  chemical  relations  water  is  eminently  a  neutral  body.  Its  range  of  aflinity 
Ls  exceedingly  extensive,  water  forming  definite  compounds,  to  all  of  which  the  namo 
hydrate  is  applied,  with  both  acids  and  alkalies,  with  a  large  proportion  of  the  salts, 
and  indeed  with  most  bodies  containing  oxygen.  It  is  also  the  most  general  of  all 
solvents.  Gay-Lussac  has  obscr^'ed  that  the  solution  of  a  salt  is  uniformly  attended 
with  the  production  of  cold,  whether  the  salt  be  anhydrous  or  hydrated,  and  that, 
on  the  contrary,  the  formation  of  a  definite  hydrate  is  always  attended  with  heat ;  a 
circumstance  which  indicates  an  essential  difference  between  solution  and  chemical 
combination  (Ann.  de  Ch.  et  de  Phys.  t.  Ixx.  p.  407).  Even  the  dilution  of  strong 
solutions  of  some  salts,  such  as  those  of  ammonia,  occasions  a  fall  of  temperature. 
The  solvent  power  of  water  for  most  bodies  increases  with  its  temperature.  Thus 
at  57°  water  dissolves  one-fourth  of  its  weight  of  nitre,  at  92*^  one-half,  at  131°  an 
equal  weight,  and  at  212°  twice  its  weight  of  that  salt.  Solutions  of  such  salts,  satu- 
rated at  a  high  temperature,  deposit  crystals  on  cooling.  But  the  crystallization  of 
some  saturated  solutions  is  often  suspended  for  a  time,  in  a  remarkable  manner,  and 
afterwards  determined  by  slight  causes.  Thus,  if  two  pounds  of  crystallized  sulphate 
of  soda  be  dissolved  in  one  pound  of  water,  with  the  assistance  of  heat,  and  the  solu- 
tion be  filtered  while  hot  through  paper,  to  remove  foreign  solid  particles,  and  then 
act  aside  in  a  glass  matrass,  with  a  few  drops  of  oil  on  its  surface,  it  may  become 
perfectly  cold  without  crystallization  occurring.  Violent  agitation  even  may  not 
cause  it  to  crystallize.  But  when  any  solid  body,  such  as  the  point  of  a  glass  rod, 
or  a  grain  of  salt,  is  introduced  into  the  solution,  crystals  immediately  begin  to  form 
about  the  solid  nucleus,  and  shoot  out  in  all  directions  throuch  the  liquid.  The 
Bolubility  of  many  salts  of  soda  and  lime  does  not  increase  with  the  temperature, 
like  that  of  other  salts. 

Water  is  also  capable  of  dissolving  a  certain  quantity  of  air  and  other  gases,  which 
maj  again  be  expelled  from  it  by  boiling  the  water,  or  by  placing  it  in  vacuo.  Kain- 
water  generally  affords  2}  per  cent,  of  its  bulk  of  air,  in  which  the  proportion  of 
oxygen  gas  is  so  hijgh  as  32  per  cent.,  and  in  water  from  freshly  melted  snow  34.8 
per  cent,  according  to  the  observations  of  Gay-Lussac  and  Humboldt,  while  the 
oxygen  in  atmospheric  air  does  not  exceed  21  percent  Boussingault  finds  that  the 
quantity  of  air  retained  by  water,  at  an  altitude  of  6  or  8000  feet,  is  reduced  to 
one-third  of  its  usual  proportion.  Hence  it  is  that  fishes  cannot  live  in  Alpine  lakes, 
{he  air  contained  in  the  water  not  being  in  adequate  quantity  for  their  respiration 
Tbe  following  table  exhibits  the  absorbability  of  different  gases  by  water  deprived 
of  all  its  air  by  ebullition :  — 
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100  cubic  inches  of  water  at  60°  and  30  Bar.,  absorb  ol  i 

Hydrosulphnrie  acid 100  C.  I.  106  253  ' 

Carbonic  acid 100  100  106  ' 

Nitrous  oiide 100  77.6  76  " 

Olefiantgaa 12.5  14  15l 

Oxygen 3.7  3.55  St 

Carbonio  oxide 1.56  2.01  64' 

Nitrogen 1.56  1.47  4J 

Hydrogen 1.64  1.53  4.$ 

The  resnits  of  Sanasuro  are  probably  nearest  the  trath  for  hydrosnlphnrk  act 
nitrous  oxide,  but  for  the  other  gnsea  those  of  Dalton  (Manchester  Mcmotrs,  % 
p.  287)  and  Henry  (Phil.  Trans.  1843,  pp.  29,  274)  are  most  to  be  dependedl 
Uies.  —  Bain  received  after  it  has  continued  to  fall  for  Bome  time  may  bs( 
as  pure  water,  excepting  for  the  air  it  contains.  But  aflcr  onoe  touching  tb4 
it  becomes  impregnated  with  Tarious  earthy  and  organic  mMcTS,  from  whichj 
only  be  completely  purified  by  distillation.     A  copper  still  should  he  oaed  ftl 

Siurpose,  provided  with  a  copper  or  block-tin  worm,  which  is  not  used  for  thaj 
ntion  of  spirits,  as  traces  of  alcohol  remaining  in  the  worm  and  becoming  acctil 
cause  the  formatioii  of  acetate  of  copper,  which  would  he  washed  out  and  c<a| 
nate  the  distilled  water.  The  use  of  white  lead  cement  about  the  joinings  I 
worm  is  also  to  he  avoided,  as  the  oxide  of  lead  is  readily  dissolved  by  dij 
water.  The  first  portions  of  the  distilled  water  should  be  rejected,  as  thgf 
contain  ammonia,  and  the  distillation  should  not  be  carried  to  diyneas. 

Water  employed  for  economical  purposes  is  generally  submitted  to  a  more  I 
process,  that  of  filtration,  by  which  it  is  rendered  clear  and  tiansporent  fc 
removal  of  matter  mechanically  suspended  in  it.  Such  foreign  matter  may  ofl 
removed  in  a  considerable  degree  by  subsidence,  on  which  account  it  Is  deurahl 
the  water  should  stand  at  rest  for  a  time,  before  being  filtered.  The  fillnt 
liquids  generally  is  effected,  on  the  small  scale,  bj  allowing  them  to  flow  H 
unsized  or  filter  paper,  and  that  of  water,  on  the  largo  scale,  by  passing  it  tl 
beds  of  sand.  The  sand  preferred  for  that  purpose  is  not  fine,  but  gravell 
crushed  cinders  or  furnace  clinkers  may  be  substituted  for  it  Its  function,  i 
also  of  the  paper  in  the  chemist's  filter,  is  to  act  as  a  support  for  the  finer  pt 
of  mud  or  prccipibte  which  ore  first  deposited  on  its  surface,  and  form  the  n 
really  filters  the  water.  When  the  mud  accumubtcs  bo  as  to  impede  the  Mil 
the  sand  filter,  the  surface  of  the  sand  is  scraped,  and  an  inch  or  two  of  it  rei 
Pig.  110  is  a  section  of  tbe  watcr-filt«r,  aa  it  ia  nsually  construoted  for 

Fro.  lia 
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works  in  Lancasbirc.  An  excavation  of  about  six  feet  in  depth,  and  of  sufficient 
extent,  is  lined  to  a  considerable  thickness  with  well  puddled  clay,  to  make  it  water- 
tight. Upon  the  clay  floor  is  laid  first  a  stratum  of  large  stones,  then  a  stratum  of 
smaller  stones,  and,  finally,  a  bed  of  coarse  sand  or  gravel,  L  L.  To  allow  the  air 
to  escape  from  the  lower  Ms,  small  upright  tubes,  open  at  both  ends,  B  and  C,  aro 
inserted  in  these  beds,  and  rising  above  the  surface  of  the  water  W  W.  The  filtered 
water  enters,  from  the  lowest  bed,  into  a  large  open  iron  cylinder  A,  the  lower  part 
of  which  is  perforated  for  that  purpose.  The  filtered  water  stands  at  the  same  height 
in  the  gauge  tube  D  as  in  A ;  this  height  is  observed  by  means  of  a  float  balanced 
by  a  weight  which  traverses  a  scale  of  feet  and  inches  at  D. 

Upward  filtration  through  a  bed  of  sand  is  sometimes  practised,  but  it  has  the 
disadvantage  that  the  filter  cannot  be  cleaned  in  the  manner  indicated.  Filtering 
under  high  pressure,  and  with  great  rapidity,  has  been  practised  in  a  very  compact 
apparatus,  consisting  of  a  box,  not  above  three  feet  square,  filled  with  sand.  This 
filter,  which  becomes  speedily  choked  with  the  mud  it  detains,  is  cleansed  by  sud- 
denly reversing  the  direction  in  which  the  water  is  passing  through  the  box,  which 
occasions  a  -shock  that  has  the  effect  of  loosening  the  sand,  and  allowing  the  water 
to  bring  away  the  mud.  The  action  of  such  a  filter,  erected  at  the  IIotel-Dieu  of 
Paris,  was  favourably  reported  on  by  M.  Arago  ( Annal.  de  Chim.  et  de  Phys.  t.  Ixv. 
p.  4-28). 

flatter  actually  dissolved  in  water  is  not  affected  by  filtration.  No  repetition  of 
the  process  would  withdraw  the  salt  from  sea-water  and  make  it  fresh,  lloncc  the 
impregnation  of  peaty  matter,  which  river  water  generally  contains,  and  to  the 
greatest  extent  in  summer,  when  the  water  is  concentrated  by  evaporation,  is  not 
removed  by  filtering.  Animal  charcoal  is  the  proper  substance  for  discolouring 
liquids,  as  it  withdraws  organic  colouring  matter,  even  when  in  a  state  of  solution. 

In  the  process  of  clarifying  liquors  by  dissolving  in  them  the  white  of  egg  and 
other  albuminous  fluids^  the  temperature  is  raised  so  as  to  coagulate  the  albumen, 
which  thus  forms  a  delicate  net-work  throughout  the  liquid,  and  is  afterwaids  thrown 
up  as  scum  in  the  boiling,  carrying  all  the  foreign  matter  suspended  in  the  liquid 
along  with  it. 

Gelatine,  isinglass,  or  other  "  finings,"  added  to  wine  in  a  turbid  state,  produce 
a  precipitate  with  its  tannin,  which  carries  down  all  suspended  matter;  and  on 
the  settling  of  this  precipitate,  or  its  separation  by  filtering,  the  wine  is  found 
transparent. 

The  most  usual  earthy  impurities  in  water,  occasioning  its  hardness,  are  sulphate 
of  lime,  and  the  carbonate  of  lime  dissolved  in  carbonic  acid,  both  of  which  are 
precipitated  on  boiling  the  water,  and  occasion  an  earthy  incrustation  of  the  boiler. 

So  far  as  this  precipitation  is  due  to  carbonate  of  lime  it  may  be  avoided  by 
adding  hydrochlorato  of  ammonia  to  the  water,  by  which  the  lime  is  converted  into 
cliloride  of  calcium  and  becomes  soluble.  Water  containing  carbonate  of  lime  may 
be  also  softened  by  the  addition  of  lime-water,  as  recommended  by  Professor  Clark. 
Thames  water  requires  for  this  purpose  the  addition  of  about  one-fourteenth  of  ita 
bulk  of  lime-water.     This  action  of  lime-water  will  be  explained  under  carbonic  acid# 

When  waters  contain  iron,  they  are  termed  chalybeate :  this  metal  is  most  fre- 
quently in  the  state  of  carbonate  dissolved  in  carbonic  acid,  and  rarely  in  a  propor  • 
tion  exceeding  one  grain  in  a  pound  of  water.  The  sulphurous  waters,  which  are 
recognised  by  their  peculiar  odour,  and  by  blackening  silver  and  salts  of  load,  con- 
tain hydrosulphuric  acid  in  a  proportion  not  exceeding  the  usual  proportion  of  air 
in  spring  water,  and  generally  no  oxygen.  Saline  waters  for  the  most  part  contain 
Tarioua  salts  of  lime  and  magnesia,  and  generally  common  salt.  Their  density  is 
always  considerably  higher  than  that  of  pure  water.  Sea-waier  contains  oj  per 
cent,  of  saline  matter,  and  has  a  density  1.0274.  Its  composition  is  interesting,  as 
the  sea  comes  to  be  the  grand  depository  of  all  the  soluble  matter  of  the  globe.  A 
minute  analysis  of  the  water  of  the  English  Channel,  executed  by  Mr.  Schweitzeri 
is  subjoined :  — 
16 
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Sea-vater  of  the  English  Channel.  Grams. 

Water 964.74372         * 

Chloride  of  sodium 27.05948        '; 

Chloride  of  potassium 0.76552 

Chloride  of  magnesium 8.66658 

Bromide  of  magnesium 0.02929 

Sulphate  of  magnesia 2.29578 

Sulphate  of  lime 1.40662 

Carbonate  of  Ume 0.03301 

1000.0000 

In  addition  to  those  constituents,  distinct  traces  of  iodine  and  of  ammonia  1 
detected  (Phil.  Mag.  3d  scr.  vol.  xv.  p.  58).  According  to  Professor  Forchann 
the  whole  quantity  of  saline  matter  in  water  from  different  parts  of  the  Atb 
varied  from  35.7  parts  (German  sea)  to  36.6  parts  (tropics)  in  1000  parts  of 
wat<?r.  The  relative  proportion  of  the  salts  in  the  water  of  different  seas  varied  i 
little  (Reports  of  the  British  Association,  1846,  p.  90). 


BIXOXIDE   OP   HYDROGEN. 

Equivalent,  17,  or  212.5  on  Oxygen  Scale;  formula  11  +  20  or  IIO2. 

The  second  compound  of  hydrogen  and  oxygen  is  a  liquid,  containing  twi 
much  oxygen  as  water,  and  is  a  body  possessed  of  very  extraordinary  prope 
It  was  discovered  by  Thenard,  in  1818,  who  prepared  it  by  a  long  and  inti 
process. 

Preparation. — The  formation  of  the  binoxide  of  hydrogen  depends  upoi 
existence  of  a  corresponding  binoxide  of  barium.     The  latter  is  obtained  by  eale 
pure  nitrate  of  baryta  at  a  high  temperature  in  a  porcelain  retort,  and  after 
exposing  the  earth  baryta  or  protoxide  of  barium,  which  is  left,  in  a  porcelain 
heated  to  redness,  to  a  stream  of  oxygen  gas,  which  the  protoxide  rapidly  ab 
becoming  binoxide.     Treated  with  a  little  w^ater,  the  binoxide  of  barium  slake 
falls  to  powder,  forming  a  hydrate,  of  which  the  formula  is  Ba02  4-HO.     1 
acids  have  a  peculiar  action  upon  this  hydrate,  which  will  be  easily  understc 
the  binoxide  of  barium  is  represented  as  the  protoxide  united  with  an  add) 
equivalent  of  oxygen,  or  as  BaO  +  0.     They  combine  with  the  protoxide  of  bi 
forming  salts  of  baryta,  and  the  second  equivalent  of  oxygen,  instead  of  bein| 
rated  in  conseciuenco,  unites  with  the  water  of  the  hydrate,  the  HO  of  the  prw 
formula  giving  rise  to  HO-f  0  or  the  binoxide  of  hydn>gen,  which  dissolves 
water.     Although  it  would  be  inconvenient  to  abandon  the  systematic  name  bii 
of  hydrogen  for  this  compound,  still  it  must  be  allowed  that  the*  properties  ' 
body,  as  well  as  its  mode  of  preparation,  are  more  favourable  to  the  idea 
being  a  combination  of  water  with  oxygen,  or  oxygenated  water,  as  it  wa 
named  by  its  discoverer,  than  a  direct  combination  of  its  elements.     It  is  : 
mended  by  Thenard  to  dissolve  the  bino.\ide  of  barium  in  hydrochloric  acid 
derably  diluted  with  water,  and  to  remove  the  baryta  by  sulphuric  acid,  which 
an  insoluble  sulphate  of  baryta.     The  hydrochloric  acid,  again  free  in  the  liq 
saturated  a  second  time  with  binoxide  of  barium,  and  precipitated ;  and  after  1 
repetitions  of  these  two  operations,  the  hydrochloric  acid  itself  is  removed 
cautious  addition  of  sulphate  of  silver,  and  the  sulphuric  acid  of  the  last  salt  l 
baryta.     Such  is  an  outline  of  the  process,  but  its  success  requires  attentio 
number  of  minute  precautions,  which  are  fully  detailed  in  the  Traits  de  Ghc 
the  author  quoted  (vol.  i.  p.  479,  6th  ed.)     The  weak  solution  of  bino] 
hydrogen,  which  this  process  affords,  maybe  concentrated  by  placing  it  with  1 
of  strong  sulphuric  acid  under  the  receiver  of  an  air-pump^  until  the  solutioii 
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a  density  of  1.452,  when  the  binoxidc  itself  begins  to  rise  in  vapour  without  change. 
It  then  contains  475  times  its  volume  of  oxygen. 

M.  Pclouze  abridges  this  process  considerably  by  employing  hydro-fluoric  acid  or 
fluosilicic  acid,  in  place  of  hydrochloric  acid,  to  decompose  the  binoxidc  of  barium. 
By  this  operation,  the  baryta  separates  at  once  with  the  acid,  in  the  state  of  the  in- 
soluble fluoride  of  barium,  and  nothing  remains  in  solution  but  the  binoxide  of 
hydrrigen.  After  thus  decomposing  several  portions  of  binoxide  of  barium  succes- 
sively in  the  same  liquor,  the  fluoride  of  barium  may  be  separated  by  filtration,  and 
the  binoxide  of  hydrogen,  which  is  still  dilute,  be  concentrated  by  means  of  the 
air-pump. 

Properties.  —  Binoxide  of  hydrogen  is  a  colourless  liquid  resembling  water,  but 
less  volatile,  having  a  metallic  tnste,  and  instantly  bleaching  litmus  and  other  or- 
ganic colouring  matters.  It  is  decomposed  with  extreme  facility,  effervescing  from 
escape  of  oxygen  at  a  temperature  of  59°,  and  when  suddenly  exposed  to  a  greater 
heat,  such  as  212°,  actually  exploding  from  the  rapid  evolution  of  that  gas.  It  is 
rendered  more  permanent  by  dilution  with  water,  and  still  more  so  by  the  additiou 
of  the  stronger  acids,  while  alkalies  have  the  opposite  effect. 

The  circumstances  attending  the  decomposition  of  this  body  are  the  most  curious 
facts  in  its  history.  Many  pure  metals  and  metallic  oxides  occasion  its  instantaneous 
resolution  into  water  and  oxygen  gas,  by  simple  contact,  without  undergoing  any 
change  themselves,  affording  a  striking  illustration  of  catalysis  (page  186);  and  this 
decomposition  may  excite  an  intense  temperature,  the  glass  tube  in  which  the  expe- 
riment is  made  sometimes  becoming  red  hot.  Some  protoxides  absorb  at  the  same 
time  a  portion  of  the  oxygen  evolved,  and  are  raised  to  a  higher  degree  of  oxidation, 
but  most  of  them  do  not ,  and  certain  oxides,  such  as  the  oxides  oi  silver  and  gold, 
are  reduced  to  the  metallic  state,  their  own  oxygen  going  off"  along  with  that  of  the 
binoxide  of  hydrogen.  The  decomposition  of  these  metallic  oxides  cannot  be 
ascribed  to  the  heat  evolved,  for  oxide  of  silver  is  reduced  in  a  very  dilute  solution 
of  the  binoxide  of  hydrogen,  although  the  decomposition  is  not  then  attended  with 
a  sensible  elevation  of  temperature.  The  metallic  oxides  which  are  decomposed  in 
tljis  remarkable  manner  are  originally  formed  by  the  decomposition  of  other  com- 
pounds, and  not  by  the  direct  union  of  their  elements,  which,  in  fact,  exhibit  little 
affinity  for  each  other.  In  this  general  character  they  agree  with  binoxidc  of  hydro- 
gen itself. 

Uses.  — The  binoxide  of  hydrogen  is  a  substance  which  it  is  exceedingly  desirable 
to  possess,  with  the  view  of  employing  it  in  bleaching,  and  for  other  purposes,  as  a 
powerful  oxidating  agent.  But  the  expense  and  uncertainty  of  the  process  for  pre- 
paring this  compound  have  hitherto  prevented  any  application  of  it  in  the  arts,  or 
even  its  occasional  use  as  a  chemical  re-agent. 


SECTION  III. 

NITROGEN. 

Synonyme,  azote.     Equiv.  14,  or  175  (0=100);  symbol  N;  density  971.37; 

combining  measure   I 


Dr.  Rutherford,  of  Edinburgh,  examined  the  air  which  remains  after  the  respira- 
tion of  an  animal,  and  found  that  after  being  washed  with  lime-water,  which  removes 
carbonic  acid,  it  was  incapable  of  supporting  either  combustion  or  respiration.  He 
concluded  that  it  was  a  peculiar  gas.  Lavoisier  afterwards  discovered  that  this  gas 
exists  in  the  air  of  the  atmosphere,  forming  indeed  4-5ths  of  that  mixture,  and  gave 
it  the  name  aiotc,  (from  o,  privative,  and  Ccdi^,  life),  from  its  inability  to  support  re- 
spiRitioD.  It  was  afterwards  named  nitrogen  by  Chaptal,  because  it  is  an  element 
of  nitric  add.    Besides  existing  in  air,  nitrogen  forms  a  constituent  of  most  animal 
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and  of  many  vegetable  substances.    In  a  natural  arrangement  of  the  elements,  nitH 
gen  appears  to  have  its  place  between  oxygen  and  phosphorus  (page  147). 

Preparation,* — Nitrogen  is  generally  procured  by  allowing  a  combustible  bodji 

combine  with  the  oxygen  of  a  certain -quantity  of  air  oonfiw 
Fio.  111.  iQ  a  vessel.     For  that  purpose  a  little  metallic  or  porceU 

cup  may  be  floated,  by  means  of  a  cork,  on  the  sorfaco  of  d 
water-trough.  A  few  drops  of  alcohol  are  then  introdmi 
into  the  cup,  or  a  small  piece  of  phosphorus  is  placed  in  I 
and  being  kindled,  a  tall  bell  jar  is  held  over  the  cup,  wil 
its  lip  in  the  water.  The  combustion  soon  terminates,  H 
the  water  of  the  trough  rises  in  the  jar.  Alcohol  does  n 
consume  the  oxygen  entirely,  a  small  portion  of  it  still  i 
maining  mingled  with  the  nitrogen;  a  certain  quantity  ( 
carbonic  acid  gas  is  also  produced  by  its  combustion.  B 
the  combustion  of  phosphorus  exhausts  the  oxygen  oQi 
plctcly,  and  leaves  nitrogen  unmixe(l  with  any  other  gas. 
Nitrogen  may  bo  likewise  conveniently  obtained  by  oc 
ducting  chlorine  gas  into  diluted  ammonia.  For  delicate  purposes  of  research  ti 
gas  is  best  prepared  by  carrying  air  through  a  tube  filled  with  reduced  metal 
copper  in  a  pulverulent  form,  and  heated  to  redness,  by  which  the  oxygen  is  i 
tirely  absorbed. 

Properties. — Nitrogen  gas  is  tasteless  and  inotlorous;  has  never  been  liqucfi 
and  is  less  soluble  in  water  than  oxygen.     It  is  a  little  lighter  than  air,  (spec 
gravity  .9714),  which  possesses  the  mean  density  of  79.1  volumes  pf  nitrogen  i 
20.9  volumes  of  oxygen.     Nitrogen  is  a  singularly  inert  substance,  and  does  : 
unite  directly  with  any  other  single  element,  so  far  as  I  am  aware,  under  the  in 
ence  of  light  or  of  a  high  temperature,  unless,  perhaps,  oxygen  and  carbon, 
burning  taper  is  instantly  extinguished  in  this  gas,  and  an  animal  soon  dies  in 
not  because  the  gas  is  injurious,  but  from  the  privation  of  oxygen,  which  is  rcqui 
in  the  respiration  of  animals.     Nitrogen  appears  to  be  chiefly  useful  in  the  at 
sphere,  as  a  diluent  of  the  oxygen,  thereby  repressing  to  a  certain  degree  the  acti' 
of  combustion  and  other  oxidating  processes.     Of  the  fixation  of  free  nitrogen 
plants,  there  is  no  evidence.     When  heated  with  oxygen,  nitrogen  does  not  b 
like  hydrogen,  nor  undergo  oxidation.     But  nitrogen  may  be  made  to  unite  i 
oxygen  by  transmitting  several  hundred  electric  sparks  through  a  mixture  of  tl 
gases  in  a  tube,  with  water  or  an  alkali  present,  and  nitric  acid  is  produced, 
water  formed  by  the  combustion  of  hydrogen  in  air,  or  of  a  mixture  of  hydit 
and  nitrogen  in  oxygen,  has  often  an  acid  reaction,  which  is  due  to  a  trace  of  n 
acid.     But  when  the  hydrogen  is  mixed  with  air  in  excess,  so  as  to  prevent  g 
elevation  of  temperature  during  the  combustion,  tlie  oxidation  of  the  nitrogen  • 
not  take  place  (Kolbe).     Nitric  acid  is  also  a  product  of  the  oxidation  of  a  vai 
of  compounds  containing  nitrogen.     Ammonia  mixed  with  air,  on  passing 
spongy  platinum  at  a  temperature  of  about  072°,  is  decomposed,  and  the  uitr 
it  contains  is  completely  converted  into  nitric  acid,  by  combining  with  the  ox; 
of  the  air.     Cyanogen  and  air,  under  similar  circumstances,  occasion  the  form: 
of  nitric  and  carbonic  acids.     (Kuhlman,  Phil.  3Iag.  3d  scr.,  voL  xiv.  p.  1 
Nitric  acid  is  also  largely  produced  by  the  oxidation  of  organic  matters  di 
putrefaction  in  air,  when  an  alkali  or  lime  is  present,  as  in  the  natural  nitre 
and  artificial  nitre  beds. 

A  suspicion  has  always  existed  that  nitrogen  may  be  a  compound  body,  but  i 
resisted  all  attempts  to  decompose  it,  and  the  evidence  of  its  elementary  char 
is  equally  good  with  that  of  must  other  bodies  reputed  simple.  Before  consid< 
the  compounds  of  nitrogen  with  oxygen,  we  may  notice  the  properties  of  atmosp 
air,  which  is  regarded  as  a  mechanical  mixture  of  these  gases. 

«  [See  SuppUment,  p.  705.] 
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According  to  the  new  and  most  careful  determination  of  the  weight  of  air  hy  M. 
Regnault,  100  cubic  inches  of  atmospheric  air,  deprived  of  aqueous  vapour  and  the 
small  quantity  of  carbonic  acid  it  usually  contains,  weigh  30.82926  grains,  at  60° 
and  30  Bar.  Its  density  at  the  same  temperature  and  pressure  is  estimated  at  1000, 
and  is  conveniently  assumed  as  the  standard  of  comparison  for  the  densities  of 
gaseous  bodies,  as  water  is  for  solids  and  liquids.  Hence,  at  62°,  air  is  810  times 
lighter  than  water,  and  11,1)00  times  lighter  than  mercur}'.  The  bulk  of  air  varies 
with  its  temperature  and  the  pressure  affecting  it,  according  to  the  same  laws  as 
other  gases  (pages  40  and  81).* 

The  mean  pressure  of  the  atmosphere  at  the  surface  of  the  sea  is  generally  esti- 
mated as  equal  to  the  weight  of  a  column  of  mercury  of  30  inches  in  height,  which 
is  about  15  pounds  on  the  square  inch  of  surface,  and  is  equivalent  to  a  column  of 
water  of  nearly  34  feet  in  height.  The  oxygen  alone  is  equal  to  a  column  of  7.8 
feet  of  water  over  the  whole  earth's  surface,  from  which  an  idea  may  be  formed  of 
the  immense  quantity  of  that  element,  and  how  small  the  effect  must  be  of  tho 
oxidating  processes  observed  at  the  earth's  surface  in  diminishing  it.  *  If  the  atmo- 
sphere were  of  uniform  density,  its  height,  as  inferred  from  the  barometer,  would 
be  11,000  times  30  inches,  or  5.208  miles,  but  the  density  of  air  being  proportional 
to  the  pressure  upon  it,  diminishes  with  its  elevation,  the  superior  strata  being  always 
more  rare  and  expanded  than  the  inferior  strata  upon  which  they  press. 

DENSITY  OP  THE  ATMOSPHERE. 

Height  aboTc  the  sea  in  miles.  Yolame. 

0  1 

2-705  2 

5-41     4 

8115  8 

10  82     16 

13-424  32 

16-23     64 

At  a  height  of  2.705  miles  (11,556  feet)  the  atmosphere  is  of  half  density,  by 
calculation,  or  one  volume  is  expanded  into  2,  and  the  jjaromctcr  would  stand  at  15 
inches ;  tho  density  is  again  halved  for  every  2.7  miles  additional  elevation.  From 
calculations  founded  on  the  phenomena  of  refraction,  the  atmosphere  is  supposed  to 

>  I.  Weiout  op  1  LiTEB  OF  Qabeb,  at  O^'  C,  Bar.  0.76  metro  (Regnaalt). 

In  Grammes. 

Atmospheric  Air  1.203187 

Nitrogen 1.2:>G1C7 

Oxvpen 1.420802 

Hydropen 0.080578 

Carbonic  Acid  1.077414 

II.  Weight  of  100  Cubic  Incues  of  Gases  ;  Bar.  20.02  inches. 

At  32°  F.  At  60®  F. 

In  Grains.  In  Grains. 

Atmospheric  Air 32.58684 30.82026 

Nitrogen  31.60020 20.95260 

Ozvgen  86.138% 84.18979 

Hydrogen 2.16216 2.04554 

Carbonic  Acid 50.a3856 47.38972 

Hera  the  French  litre  ia  token  at  61.028  English  cubic  inches;  the  gramme  at  16.4440 
f!T«ins;  and  the  volume  of  air  and  the  other  jfiises,  at  60®',  1.05701,  their  volume  at  81 
being  1.     (Regnanlt,  Compt  Rond.  t  20,  p.  975). 
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extend,  in  a  state  of  sensible  density,  to  a  height  of  nearly  45  miles.  It  is  eertaint 
limited,  probably  from  the  expansibility  of  the  aerial  particles  having  a  natural  liou 
(page  81).  The  atmospheric  pressure  also  varies  at  the  same  place,  from  the  efibc 
of  winds  and  other  causes,  which  are  not  fully  understood.  Hence  the  use  of  th 
barometer  as  a  weather  glass ;  for  wet  and  stormy  weather  is  cenerallj  preceded  b 
a  fall  of  the  mercury  in  the  barometer,  and  fair  and  calm  weather  by  its  rise. 

The  temperature  of  the  atmosphere  is  greatest  at  the  earth's  surface,  and  has  boe 
observed  to  diminish  one  degree  for  every  352  feet  of  ascent,  in  the  lower  strat 
It  is  believed,  however,  that  the  progressive  diminution  is  less  rapid  at  great  distano 
from  the  earth.     But  at  a  certain  height,  the  region  of  perpetual  congelation 
attained  even  in  the  warmest  climates ;  the  summits  of  the  Andes,  which  rise  21, (K 
feet,  being  perpetually  covered  with  snow  under  the  equator.     The  line  of  perpctu 
congelation,  which  has  been  fixed  at  15,207  feet  at  0^  latitude,  descends  progn 
sively  in  higher  latitudes,  being  3,818  feet  at  G0°,  and  only  1,016  feet  at  75°.  T) 
decrease  of  temperature  with  elevation  in  the  atmosphere  is  ascribed  to  two  caus< 
1.  To  the  property  which  air  has  of  becoming  cold  by  expansion,  which  arises  fro 
an  increase  of  its  latent  heat  with  rarefaction.     The  actual  temperature  of  the  diffi 
ent  strata  of  the  atmosphere  is  indeed  believed  to  be  that  due  to  their  dilatatic 
supposing  that  they  had  all  the  same  original  temperature  and  density  as  the  lowf 
stratum.     2.  To  the  circumstance  that  the  atmosphere  derives  its  heat  principal 
from  contact  with  the  earth's  surface.     The  sun's  rays  appear  to  suffer  little  absoi 
tion  in  passing  through  the  atmosphere;  but  there  are  some  observations  on  t 
force  of  solar  radiation  which  arc  not  easily  reconciled  with  that  circumstance, 
thermometer  of  which  the  bulb  is  blackened,  rises  a  certain  number  of  degrees  abo 
the  temperature  of  the  air,  when  exposed  to  the  sun,  but  the  rise  is  decidedly  grea' 
on  high  mountains  than  near  the  level  of  the  sea,  and  in  temperate,  or  even  arc 
climates,  which  is  more  remarkable,  than  within  the  tropics.     It  is  a  question  h 
solar  radiation  is  obstructed  in  the  hotter  climates  (Daniell's  Meteorological  Essa' 
2d  edit.) 

The  blue  colour  of  the  sky  has  been  found  by  Brewster  to  be  due  to  light  tl 
has  suflfered  polarization,  which  is  therefore  reflected  light,  like  the  white  light 
clouds.  The  air  of  the  atmosphere  must  therefore  have  a  disposition  to  absorb  1 
red  and  yellow  solar  rays,  and  to  reflect  the  blue  rays.  At  great  heights,  the  bl 
colour  of  the  sky  was  observed  by  Theodore  de  Saussure  to  become  deeper  a 
deeper,  being  mixed  with  black,  owing  to  the  absence  of  white  reflecting  vapour 
clouds.  The  red  and  golden  tints  of  clouds  appear  to  be  connected  with  a  rema 
able  property  of  steam  observed  by  Professor  J.  Forbes.  A  light  seen  at  ni| 
through  steam  issuing  into  the  atmosphere  from  under  a  pressure  of  from  5  to 
pounds  on  the  inch,  is  found  to  appear  of  a  deep  orange  red  colour,  exactly  as 
observed  through  a  bottle  containing  nitrous  acid  vapour.  The  steam,  when  it  p 
scsses  this  colour,  is  mixed  with  air,  and  on  the  verge  of  condensation ;  and  it 
known  that  the  golden  hues  of  sunset  depend  upon  a  large  proportion  of  vapour 
the  air,  and  are  indeed  a  popular  prognostic  of  rain  (Phil.  Mag.  3d  ser.  vol.  xiv. 
121.  425,  and  vol.  xv.  pp.  25,  419.) 

JVinds.  —  The  movement  of  masses  of  air,  or  wind,  is  always  produced  by  i 
quality  of  temperature  of  the  atmosphere  at  different  points  of  the  earth's  surfa 
or  in  different  regions  of  the  atmosphere  of  equal  elevation.  The  primary  djo 
mcnt  is  always  an  ascending  current,  the  heated  and  expanded  air  over  some  s 
rising  in  a  vertical  column.  Dense  and  colder  air  flows  towards  that  point,  p 
ducing  the  horizontal  current  which  is  remarked  by  an  obser\'er  on  the  earth's  s 
face.  Some  winds  are  of  a  very  limited  range,  and  depend  upon  local  circB 
stances;  such  are  the  sea  and  land  breeze  experienced  upon  tlie  coasts  of  tropi 
countries.  From  its  low  conducting  power,  the  surface  of  the  land  is  more  quid 
heated  than  the  sea,  so  that  soon  after  sunrise  the  expanded  air  over  the  fom 
begins  to  ascend,  and  is  replaced  by  colder  air  from  the  sea,  forming  the  sca^brec 
But  after  sunset,  the  earth's  heat,  being  less  in  quantity,  is  more  quickly  dissipai 
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by  radiation  than  that  of  the  sea,  and  the  air  over  the  land  becomes  dense  raid  flows 
outwards,  displacing  the  air  over  the  sea,  and  producing  the  land-breeze.  It  is 
obvious  that  these  inferior  currents  must  be  attended  by  a  superior  current  in  an 
oppoj*itc  direction,  or  that  the  air  in  these  winds  is  carried  in  a  perpendicular  vortex 
of  no  great  extent,  of  which  the  motion  is  reversed  twice  every  twenty^four  hours. 
A  grand  movement  of  a  similar  nature  is  produced  in  the  atmosphere,  from  the 
liigh  temperature  of  the  equatorial  compared  with  the  polar  regions  of  the  globe ; 
the  air  over  the  former  constantly  ascending,  and  having  its  place  supplied  by  hori- 
zontal currents  from  the  latter,  within  the  lower  region  of  the  atmosphere.  Hence, 
if  the  earth  were  at  rest,  the  wind  would  constantly  blow  at  its  surface,  from  the 
poles  to  the  equator,  and  in  the  opposite  direction  in  the  upper  strata  of  the  atmo- 
hphere.  But  the  earth,  accompanied  by  its  atmosphere,  makes  a  diurnal  revolution 
u]X)n  its  axis,  in  which  any  point  on  its  surface  is  always  passing  to  a  point  in  space 
previously  to  the  east  of  it,  and  with  a  velocity  proportional  to  its  circle  of  latitude 
on  the  globe ;  a  velocity  which  is  consequently  nothing  at  the  poles,  and  attains  its 
maximum  at  the  equator.  The  result  of  this  is,  that  the  lower  current  or  polar 
stream,  in  tending  to  the  equator,  is  constantly  passing  over  parallels  of  latitude 
which  have  a  greater  degree  of  velocity  of  rotation  to  the  east,  than  the  stream  itself, 
which  comes  thus  t^  be  felt  as  a  resistance  from  the  east;  and  instead  of  appearing 
as  a  wind  directly  from  the  north,  as  it  really  is,  this  stream  appears  as  a  wind  from 
the  east,  with  a  certain  northerly  declination,  which  diminishes  as  the  stream 
appn>athes  the  equator,  where  it  flows  directly  from  the  east,  constituting  the  great 
trade-wind  which  constantly  blows  across  the  Atlantic  and  Pacific  Oceans  from  east 
to  west  within  the  tropics.  Our  keen  east  winds  in  spring  have  a  low  temperature, 
which  attests  their  arctic  origin.  The  upper  or  equatorial  current  has  its  course 
deflrcted  by  similar  causes;  starting  from  the  equator  it  has  a. greater  projectile 
firoc  to  the  east  than  the  parallels  of  latitude  overwhichithas  to  pass,  and  retaining 
ih'iii  motion  towards  the  east  it  appears,  as  it  passes  over  them,  a  west  wind  or  wind 
from  the  west.  The  upper  current,  flowing  in  the  opposite  direction  from  the  trade- 
wind  bolow,  was  actually  experienced  by  Humboldt  and  Bonpland  on  the  summit 
of  the  Peak  of  Teneriffe,  and  has  been  indicated  at  various  times  by  the  transport 
of  volcanic  a.shes  by  its  means. 

The.^HJ  currents,  instead  of  flowing  in  a  uniform  manner  over  and  under  each  other, 
appear  often  to  descend,  and  to  flow  side  by  side,  giving  rise  to  hot  and  cold  seasons 
in  their  different  courses,  and  the  great  variability  of  climate  of  the  temperate  zone. 
On  the  great  oceans,  within  the  temperate  zone,  westerly  winds  prevail  greatly  over 
easterly,  which  are  supposed  by  some  to  be  the  upper  current  descending  to  the 
surface  of  the  earth.  These  westerly  winds  temper  the  climate  of  tl>e  western  sea- 
board both  of  Europe  and  America,  which  is  much  milder  than  the  climate  of  their 
eastern  coasts. 

The  nature  of  the  movement  of  the  atmosphere  in  hurricanes  has  lately  received 
considenible  elucidation.  It  appears  that  they  move  in  circles,  and  are  great  hori- 
zontal vortices,  which  are  probably  produced  by  currents  of  air  meeting  obliquely, 
like  the  little  eddies  or  whirlwinds  formed  at  the  corner  of  streets.  The  whole 
vortex  also  travels,  but  its  movement  of  translation  is  slow  compared  with  its  velocity 
of  rotation  (Colonel  Ileid  on  the  Law  of  Storms;  also  the  work  of  Mr.  Espy). 

Some  hurricanes  in  the  United  States  have  a  path  of  only  a  few  hundred  yards 
in  width,  but  extending  for  many  miles.  An  interesting  theory  of  the  origin  of 
these,  and  many  other  local  winds,  has  been  proposed  by  Mr.  Espy,  and  favourably 
reported  upon  by  M.  Babinet,  to  the  French  Institute.  When  a  column  of  air, 
saturated  with  vapour  at  a  high  temf>erature,  ascends  in  the  atmosphere,  it  expands 
by  the  removal  of  pressure  and  becomes  colder,  as  happens  with  dry  air  of  the  same 
tcmi>eniture.  But  on  being  cooled  to  a  certain  point  of  temperature  by  its  ascent, 
vapt>ur  condenses  in  the  former,  and  raising  the  temperature  of  the  column  makes  it 
specifically  lighter  and  more  buoyant.  The  ascent  of  damp  air  has  thus  a  tendency 
to  perpetuate  itself,  and  may  give  rise  to  a  most  powerful  upward  aspiration,  as  is 
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sbown  Ly  calculation,  quite  adequate  to  prostrate  trees,  and  produce  the  medi^ 
effects  observed ;  the  whole  funnel  being  carried  over  the  surface  of  the  earth 
more  general  movement  of  the  atmosphere. 

Vapour,  —  The  properties  of  the  atmosphere  are  much  affected  by  the  proi 
of  watery  vapour  in  it,  which  it  acquires  from  contact  with  the  surface  of  the 
lakes,  rivers,  and  humid  soil.  The  quantity  which  can  rise  into  the  air  is  111 
by  its  temperature  (page  90),  and  comes  to  be  deposited  again  from  various  Oi 
The  surface  of  the  earth  is  cooled  by  radiation,  and  occasions  the  precipitatk 
dew  from  the  air  in  contact  with  it.  Vapour  is  also  condensed  into  dropa, 
various  agencies  within  the  atmosphere  itself.  The  following  are  the  priB 
causes  of  clouds  and  rain.  1.  The  ascent  of  air  in  the  atmosphere,  and  its  o 
quent  rarefaction,  which  is  attended  with  cold.  A  cloud  will  be  observed  withn 
receiver  of  an  air-pump,  on  the  plate  of  which  a  little  water  has  been  spilt,  on  mi 
two  or  throe  rapid  strokes  of  the  pump,  which  is  due  to  this  cause.  It  is  obsi 
in  (tperation  in  the  formation  of  the  clouds  and  mists  which  settle  on  the  sun 
of  mountains.  The  wind  passing  over  the  surface  of  a  level  country  is  impede 
a  mountain ;  rising  in  the  atmosphere  the  stream  overcomes  the  obstacle,  and 
duces  a  cloud  as  it  passes  over  the  mountain,  which  appears  stationary  on  its : 
mit.  2.  The  mixing  of  opposite  currents  of  hot  and  cold  air,  both  saturated 
humidity,  may  occasion  rain,  from  the  circumstance,  first  conjectured  by  Dr.  Ho 
that  the  currents  of  air  on  mixing  and  attaining  a  mean  temperature  are  inct] 
of  sustaining  the  mean  quantity  of  vapour.  Thus,  supposing  equal  volumes  o 
at  00°  and  40°,  both  saturated  with  vapour,  to  be  mixed,  the  tension  of  vapo 
the  former  temperature  being  the  0.524th  of  an  inch  of  mercury,  and  at  the  i 
the  0.203d  of  an  inch,  the  mean  tension  is  0.393d  of  an  inch.  But  the  tenak 
vapour  at  50°,  the  intermediate  temperature  is  only  the  0.375th  of  an  inch; 
consequently  the  excess  of  the  former  tension,  or  vapour  of  the  0.01  Sth  of  an 
of  tension,  must  condense  as  rain.  But  this  is  an  inconsiderable  cause  of  rain 
pared  with  the  next.  3.  Contact  of  air  in  motion  with  the  cold  surface  of  eart 
mere  proximity,  appears  to  be  the  most  usual  cause  of  its  refrigeration,  and  d 
precipitation  of  rain  from  it.  The  mean  temperature  of  January  in  this  OM 
IS  about  34°,  but  with  a  south-west  wind  the  thermometer  may  be  observed  g 
ally  to  rise  in  the  course  of  48  hours  to  54°.  Now  supposing  this  wind  to  be 
rated  with  vapour  at  54°,  and  to  be  cooled  to  34°,  as  it  is  on  its  first  arrive] 
moisture  which  it  must  deposit  is  very  considerable,  as  will  appear  by  the  folio 
calculation :  — 

Tension  of  vapour  at  54° 0.429  inch. 

«  '<       at  34° 0.214     « 

Condensed 0.215     " 

The  mean  annual  fall  of  rain  in  London  amounts  to  a  column  of  23  in 
The  quantity  collected  by  a  rain-gauge  is  found  to  be  affected  to  an  extraordi 
extent  by  very  moderate  differences  of  elevation.  Thus  the  annual  fall  of  rei 
three  situations  was  found,  by  Professor  J.  Phillips,  to  be  as  follows :  — 

Inches.  Height 

Top  of  York  Minster 15-910  242  feet 

Hoof  of  Museum 20.401  73     « 

Surface  of  ground 24.401  0     " 

The  last  stated  cause  of  rain  throws  some  light  on  this  inequality :  the  air  ie: 
cooled  near  the  ground,  and  therefore  deposits  most  humidity. 

The  annual  fall  is  greater  near  the  equator,  and  diminishes  in  high  latitudes. 
Granada  (lat.  12°  N.),  it  is  120  inches;  at  Calcutta  (lat  19°  40'),  81  im 
Rome^  39  inches;  average  of  England,  31  inches;  St.  Petersburgh^  16  i 
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is  contorted 


Uleaboi^,  13}  inclies.     The  number  of  rainy  days  follows  a  different  proporUon, 
Uie  aveniga  during  ihc  year  being  about  as  follows :  — 

In  Northern  Europe 180 

Id  Central  Europe 146 

In  Southern  Europe 120' 

Wben  clonds  form  at  temperatures  below  32°,  the  aqueous  vapour  ii 
into  an  infinity  of  little  needle-like  crystils,  which  often  diverge  from  each  other  at 
angles  of  GO'  and  120°,  as  do  also  the  thin  crys- 
tals in  freezing  water.  Snow  differs  very  much  ^"'-  ''— 
in  the  arrangement  of  these  spiculic  (fij;.  112),  but 
the  fiakcs  are  all  of  the  same  con [igii ration  in  the 
same  storm.  The  figures  are  efwnlijilly  referable 
to  a  hexagonal  stur  or  prism,  one  of  the  ciystal- 
linc  forms  of  ice.  Hail  is  also  produced  by  cold, 
but  in  circumst-inces  which  are  entirely  different. 
It  occurs  only  in  sonjnier  or  in  warm  climates, 
and  when  the  sun  is  above  the  liorimn.  It  seems 
to  be  produced  in  a  liumid  ascending  current  of 
air,  greatly  cooled  by  rarefaction,  which  has  an 
npward  vctiieity  sufficient  to  RU-'^lain  the  fulling 
bailstones  at  ihe  same  place  till  they  attain  consi- 
derable magnitude.  The  formation  nf  hail  is 
always  attiiiidcd  with  thunder  or  signs  of  elcctii- 
ntyj  and  it  has  been  found  that  small  districts 
may  be  protected  from  its  devastations  by  the  ele- 
Tation  of  many  thunder  rods. 

Analysis  of  air.  —  A  knowledge  of  the  ci 
po.sition  of  the  almnsplicrc  followed  that  of  its 
constituent  gnscs.     Various  modes  of  analysis 
practiced :  —  1.  A  slick  of  phosphorus  introduced 
into  a  known  measure  of  air  in  a  graduated  tube, 

cfiVcts  a  complete  absorption  of  the  oz}'gen  in  24  hours.  On  afterwards  withdraw* 
ing  the  phosphorus  the  diminution  of  volume  may  be  observed,  which  always  indi- 
cates 20  or  21  per  cent,  of  osygen.  2.  A  known  measure  of  air  may  be  mixed 
vitb  a  slight  excess  of  hydrogen  more  than  sufScient  to  combine  with  its  oxygen, 
100  vnlumea  of  air,  for  example,  with  50  volumes  of  hydrogen,  and  the  mixture 
eiploilcd  in  a  strong  glass  tube  of  proper  construction,  by  means  of  the  electric  spark. 
The  diminution  in  volume  of  the  gases  after  combustion  is  observed;  and  as  oxygen 
and  hydrogen  unite  in  (he  exact  ritio  of  one  volanic  of  the  first  to  two  volumes  of 
the  second,  one-third  of  the  diminution  represents  the  volume  of  oxygen  in  the 
measure  of  air  employed.  The  tube  used  for  this  purpose  is  called  the  voltaia 
endiomcter.  The  nyphon  eudiometer  is  a  convenient  instru- 
ment of  this  kind.  It  is  formed  of  a  straight  tube  moderately 
stout,  of  about  I-4th  or  3-8tha  of  an  inch  internal  diameter, 
■calcd  at  one  cnil,  and  about  22  inches  long.  The  closed  end 
of  this  tube  being  softened  by  heat,  two  stout  platinum  wires 
arc  thni.st  ihruugli  the  gla.'is  from  opposite  sides  of  the  tubes, 
n  that  their  extremities  in  the  tube  approach  within  one-tenth 
of  an  inch  of  each  other.  These  are  intended  for  Ihc  trans- 
mission of  Ibe  electric  sjiark,  and  arc  retained,  as  if  cemented,  I 
in  the  apertures  of  the  glass  when  the  latter  cools.  One-half 
the  tube  next  the  closed  end  is  afterwards  graduated  into  | 
hundredths  of  a  cubic  inch,  and  the  tube  is  bent  in  the  middle, 
like  a  syphon,  as  represented  by  a  in  the  fij^re.  By  a  little 
dozterity,  a  portion  of  tbe  gaseous  mixture  to  bo  exploded  is 

B«c  MQUcr's  Phjsiei  and  Metaorology,  and  Kilmtt's  Meteorology,  by  ^Valker. 
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transferred  to  the  eeolcd  limb  of  the  inatniment,  at  tho  water  or  mercnritl  In 
and  the  measure  noted  vith  the  liquid  at  the  same  height  in  both  limbi. 
mouth  of  ibo  open  limb  may  then  be  closed  by  a  cork,  vhioh  can  be  fixed  dn 
soft  copper  wire.  A  chiun  being  now  hung  to  one  platinum  wire,  the  otbeiii 
Bcntcd  to  the  prime  conductor  of  an  electrio  machine,  or  the  knob  of  a  charged 
den  phial  b,  so  as  to  take  a  spark  through  the  mixture,  which  is  thereby  eipl 
The  risk  of  the  tube  beiug  broken  by  the  explosion,  which  is  considerable  ii 
ordinary  form  of  the  eudiometer,  is  completely  avoided  in  this  tnstrameDt  b 
compression  of  the  air  rctuiucd  by  the  cork  in  the  open  limb,  this  ur  aclJog 
recoil  spring  upon  the  occurrence  of  the  explosion  iu  the  other  limb.  3.  The 
bustioD  of  the  mixed  gases  may  be  determined  without  explosion  by  means  of  a 
pellet  of  spongy  platinum,  and  the  cipcrimeDt  can  then  be  conducted  over  me 
in  an  ordinary  graduated  tube.  4.  Another  exact  method  of  removing  oiygeQ 
air,  recommended  by  Gay-Lussac,  is  the  introduction  into  the  mr  of  slips  w  < 
moblened  with  hydrochloric  acid,  which  absorb  oxygen  with  great  avidity. 

5.  A  BolutioD  in  ommonia  of  the  subohloridc  of  copper,  or  of  any  salt  of  thi 
oxide  of  that  mctul,  such  as  the  sulphite,  absorbs  oxygen  with  great  avidit; 
may  be  used  in  the  analysis  of  air. 

6.  In  the  recent  careful  anolyscsof  air  by  MM.  Dumas  and  Boussingnult  (C 
Rend.  12,  1005)  the  oxygon  was  withdrawn,  by  passing  air  over  reduced  m 
copper  at  a  riid  heat.  To  obtain  the  necessary  precision  in  the  results,  the  ( 
mcut  was  conducted  in  the  foUowiug  manner.     In  fig.  114,  a  &  is  a  tube 

Fio.  114. 


difTioultly  fusible  or  liard  glass  used  in  organic  analysis,  wbicb  is  fille 
metallic  copper  (reduced  from  the  black  oside  of  copper  by  hydrogen),  and 
in  a  long  trotigh-fiirnuce  of  sheet  iron,  in  which  it  can  be  heated  to  redness  tl 
out  its  whole  length.  The  tube  is  provided  with  Btopcocks  at  bolb  en< 
attached  by  caoutchouc  tubes  to  small  glass  tubes.  By  one  of  these  smal 
it  communicates  with  a  glass  balloon  V,  of  about  1200  cubic  inches  in  a 
having  a  stopcock  u;  and  by  the  other  r,  with  a  series  of  tubes  A,  B,  and  ) 
these  A  is  a  scriea  of  bulbs  containing  a  concentrated  solution  of  daustic  ( 
&a.d  is  intended  for  the  absorption  of  the  small  portion  of  carbonic  acid  pn 
air;  the  U-shaped  tube  IJ  contains  fragments  of  pumice  intpregnatcd  w 
samo  alkaline  solution;  and  the  similar  tube  C  is  filled  with  pumice  imprt 
with  oil  of  vitriol,  in  order  to  dry  the  nir. 

The  balloon  V  is  weighed  and  applied  to  the  other  apparatus  in  a  ncuoo 
The  tube  a  b  containing  the  metallic  copper  is  also  weighed  beforehand.     I) 


THE    ATMOSPHERE.  251 

mod  copper  being  heated  to  low  redness,  tbo  stopcocks  are  partially  opened,  and  air 
allowed  to  flow  in  a  gradual  manner  into  V.  The  oxygen  is  entirely  absorbed  by 
the  copper,  and  the  weight  of  that  constituent  ascertained  by  weighing  the  tube  a  h 
mftcr  the  experiment.  The  nitrogen  passes  on  alone  into  V,  and  its  weight  is  found 
Dj  again  weighing  that  balloon.  A  great  many  analyses  made  in  this  way  gave  the 
following  mean  results : — 

Air  by  weight.  Air  by  Tolume. 

Oxygen 23.10 20-90 

Nitrogen 70.90 79.10 

loo^  Too^ 

Air  from  distant  localities  and  different  elevations  has  not  exhibited  any  sensible 
variation  in  composition.     \^S€e  SupplemnUj  p.  702.] 

The  theory  of  the  constitution  of  mixed  gases  of  Dalton  supposes  that  the  oxygen 
and  nitrogen  of  air  form  independent  atmospheres,  the  one  gas  not  pressing  upon  or 
interfering  with  the  other.  If  each  of  these  atmospheres  were  of  uniform  density, 
their  heights  would  obviously  bo  inversely  as  the  densities  of  the  two  gases,  the 
height  of  the  nitrogen  column  8,  and  that  of  the  oxygen  7 ;  and  the  proportion  of 
the  one  gas  to  the  other  would  vary  with  the  elevation.  The  same  variation  should 
occur  in  the  atmosphere  in  ita  actual  state :  the  proportion  being  supposed  21  per 
cent,  at  the  level  of  the  sea,  by  a  calculation  on  this  principle  it  should  be  20.070 
per  cent,  at  a  height  of  10,000  Parisian  feet,  and  19.140  per  cent,  at  a  height  of 
20,000  feet.  But  as  the  influence  of  the  great  polar  and  equatorial  currents  is 
allowed  to  extend  to  a  greater  height  in  the  atmosphere  than  the  last,  and  than  has 
ever  been  reached  by  man,  it  is  not  to  be  wondered  at  that  no  diminution  in  the 
proportion  of  oxygen  is  ob5?er%'able  in  the  accurate  analyses  of  air  from  the  summit 
of  the  Faulhorn  (8000  feet)  which  were  lately  made  by  Brunner,  with  the  view  of 
testing  this  hypothesis.    (Poggcndorif,  Handworterbuch  der  Chemie,  13d.  i.  S.  570). 

Besides  these  constituents,  the  atmosphere  always  contains  a  variable  quantity  of 
watery  vapour  and  carbonic  acid  g;is.  The  presence  of  the  latter  is  observed  by 
exposing  to  the  air  a  bason  of  lime-water,  which  is  soon  covered  by  a  pellicle  of 
carlronatc  of  lime.  Its  proportion  is  ascertained  by  adding  baryta-water  of  a  known 
strength,  from  a  graduated  pipette,  to  a  large  bottle  of  the  air  to  be  examined; 
agitating  after  each  addition,  till  a  slip  of  yellow  turmeric  paper  is  made  perma- 
nently brown  by  the  baryta-water  after  agitation,  which  proves  that  more  of  the 
latter  has  been  added  than  is  neutralized  by  the  carbonic  acid  of  the  air.  The  car- 
bonic acid  is  in  the  equivalent  proportion  (by  weight)  of  the  quantity  of  barytiw 
which  has  been  neutralized. 

Another  and  f>erhap3  more  exact  method  is  to  draw  a  large  but  known  volume  of 
dry  air  through  a  U  tube,  containing  pumice  impregnated  with  caustic  potassa,  and 
to  pass  it  afterwards  through  a  second  U  tube,  containing  oil  of  vitriol.  The  in- 
crease of  weight  on  both  tubes  weighed  together  is  the  proportion  of  carbonic  acid. 

Like  every  subject  connected  with  the  atmosphere,  the  proportion  of  carbonio 
acid  which  it  ct>n tains  was  ably  investigated  by  the  Saussures.  The  elder  philoso- 
pher of  that  nau)e  detected  the  presence  of  this  gas  in  the  atmosphere  resting  upon 
the  perpetual  snows  of  the  summit  of  Mont  Blanc,  so  that  there  can  be  no  doubt 
that  carbonic  acid  is  diff^uscd  through  the  whole  mass  of  the  atmosphere.  The 
younger  Sau.ssuro  has  ascertained,  by  a  series  of  several  hundred  analyses  of  air, 
that  the  mean  proportion  of  carbonic  acid  is  4.9  volumes  in  10,000  volumes  of  air, 
or  almost  exactly  1  in  2000  volumes;  but  it  varies  from  6.2  as  a  maximum  to  3.7, 
as  a  minimum  in  10,000  volumes.  Its  proportion  near  the  surface  of  the  earth  is 
greater  in  summer  than  in  winter,  and  during  night  than  during  day  upon  an  ave- 
rage of  many  observations.  It  is  also  rather  more  abundant  in  elevated  situations, 
as  on  the  summits  of  high  mountains,  than  in  the  plains;  a  distribution  of  this  gaa 
which  proves  that  the  action  of  vegetation  at  the  surface  of  the  earth  is  sufficient  to 
keep  down  the  proportion  of  it  in  the  atmosphcrei  within  a  certain  limit.  (SaussurOi 
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Ann.  de  Chim.  ct  de  Phjs.  t.  zzzviii.  p.  411 ;  and  t  zliv.  p.  5).  An  enf^ 
quantity  of  carbonic  acid  is  discharged  from  the  elevated  cones  of  the  active: 
noes  of  America,  according  to  the  observations  of  Boussingault^  which  maj^ 
account  for  the  high  proportion  of  that  eas  in  the  upper  regions  of  the  atmQi| 
The  gas  emitted  from  the  volcanoes  of  the  old  world,  according  to  Davy  and  | 
\s  principully  nitrogen. 

Carbonic  acid  is  a  constituent  of  the  atmosphere  which  is  essential  to  vqi 
life,  plants  absorbing  that  gas,  and  deriving  from  it  the  whole  of  their  carbon. 
lensive  forests,  such  as  those  of  the  Landes  in  France,  which  grow  upon  sandi 
lutely  destitute  of  carbonaceous  matter,  can  obtain  their  carbon  in  no  other  m 
But  the  oxygen  of  the  carbonic  acid  is  not  retained  by  the  plant,  for  the  lign 
other  constituent  principles  of  vegetables,  contain,  it  is  well  known,  no  more  c 
than  is  sufficient  to  form  water  with  thoir  hydrogen,  and  which,  indeed,  has  fl 
the  plant  as  water.     The  oxygen  of  the  carbonic  acid  must  therefore  be  retui 
some  form  to  the  atmosphere.     The  discharge  of  pure  oxygen  gas  from  the 
of  plants  was  first  observed  by  Priestley,  and  the  general  action  of  plants  up 
atmosphere  has  subsequently  been  minutely  studied  by  Sir  H.  Davy  and  Di 
beny.     The  decomposition  of  carbonic  acid  requires  the  concurrence  of  ligh 
is  not  therefore  sensible  during  the  night.     That  plants  fully  compensate 
loss  of  oxygen  occasioned  by  the  respiration  of  animals  and  other  natural  pi 
is  not  improbable ;  but  the  mass  of  the  atmosphere  is  so  vast  that  any  chang 
composition  must  be  very  slowly  effected.     It  has,  indeed,  been  estimated  t 
proportion  of  oxygen  consumed  by  animated  beings  in  a  century  does  not 
l-7200th  of  the  whole  quantity. 

Other  gases  and  vaporous  bodies  are  obser\'ed  to  enter  the  atmosphere,  b 
of  them  can  afterwards  be  detected  in  it,  with  the  exception  of  hydrogen  i 
form,  probably  as  the  Uglit  carburctted  hydrogen  of  marshes,  of  which  Bousf 
believes  that  he  has  boon  able  to  detect  the  presence  of  a  minute  but  app 
proportion.  (Ann.  de  Chim.  et  de  Phys.  Ivii.  148).  He  also  observed  cona 
sulphuric  acid  to  be  blaekeuod  when  exposed  in  a  glass  capsule  to  the  air,  p 
from  dust,  and  at  a  dijitance  from  vegetation,  which  he  ascribes  to  the  oc 
presence  in  the  air  of  some  volatile  carbonaceous  compound  which  is  absor 
decomposed  by  the  acid. 

Ammonia  (N  II3)  also  is  a  minute  but  essential  constituent  of  air,  pro 
the  form  of  carbonate.  It  is  brought  down  by  rain,  and  is  the  principal  s* 
the  nitrogen  of  plants. 

Omitting  the  aqueous  vapour  always  present  in  air,  but  of  which  the  pr 
is  constantly  fluctuating,  it  may  be  represented  as  follows,  in  10,000  volum* 

COMPOSITION   OF  DRY  AIR  BY  VOLUME. 

Nitrogen 7912 

Oxygen  2080 

Carbonic  acid  4 

Carburetted  hydrogen  (C  II2) 4 

Ammonia Trace 

10,000 

Of  the  odoriferous  principles  of  plants,  the  miasmata  of  marshes  and  ot 
ters  of  contagion,  the  presence,  although  sufficiently  obvious  to  the  sense  • 
or  by  their  effects  upon  the  human  constitution,  cannot  be  detected  by 
tests.  But  it  may  be  remarked  in  regard  to  them,  that  few  or  none  of 
pound  volatile  bodies  we  perceive  cnt<jring  the  atmosphere,  could  long  es 
struction  from  oxidation.  The  atmosphere  contains,  indeed,  within  itself,  tl 
of  its  own  purification,  and  slowly  but  certainly  converts  all  organic  subst' 
posed  to  it  into  simpler  forms  of  matter,  such  as  water,  carbonic  acid,  ni 
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md  ammonia.  Although  the  occasional  presence  of  matters  of  conta^^ion  iu  tho 
itmo^phere  is  not  to  be  disput<id,  still  it  is  an  assumption,  without  evidence,  that 
these  substances  are  volatile  or  truly  vaporous.  Other  matters  of  infection  with 
rhich  we  can  compare  them,  such  as  the  matter  of  cow-pox,  may  be  dried  in  tho 
ur,  and  arc  not  in  the  least  degree  volatile.  Indeed,  volatility  of  a  body  implies  a 
certain  simplicity  of  constitution  and  limit  to  the  number  of  atoms  in  its  integrant 
particle,  which  true  organic  bodies  appear  not  to  possess.  Again,  the  source  of  such 
bodies  being  at  all  times  inconsiderable,  they  would,  if  vapours,  be  liable  to  a  speedy 
ittenoation  by  diffusion  so  great  as  to  render  their  action  wholly  inconceivable.  It 
a  more  probable  that  matters  of  contagion  arc  highly  organized  particles  of  fixed 
Datter,  which  may  find  its  way  into  the  atmosphere,  notwithstanding,  like  the  pollen 
»f  flowers,  and  remain  for  a  time  suspended  in  it ;  a  condition  which  is  consistent 
rith  the  admitted  difficulty  of  reaching  and  destroying  those  bodies  by  gaseous 
chlorine,  and  with  the  washing  of  walls  and  floors  as  an  ordinary  disinfecting  prac- 
ice.  On  this  obscure  subject,  I  may  refer  to  a  valuable  paper  by  the  late  Dr. 
Senry  upon  the  application  of  heat  to  disinfection,  in  which  it  is  proved  that  a  tem- 
)crature  of  21*2°  is  destructive  to  such  contagious  matters  as  could  be  made  the 
jubjcct  of  experiment.  (Phil.  iMag.  •2d  ser.,  vols.  x.  p.  803 ;  xi.  pp.  22,  207  (1832). 
With  reference  to  gaseous  disinfectants,  it  may  be  remarked  that  sulphurous  acid 
sas  (obtained  by  burning  sulphur)  is  preferable,  on  speculative  grounds,  to  chlorine. 
So  agent  checks  more  effectually  the  first  development  of  animal  or  vegetable  life. 
rhia  it  docs  by  preventing  oxidation.  In  the  same  manner  it  renders  impossible  the 
bst  step  in  putrefactive  decomposition  and  fermentation.  All  animal  odours  and 
imanations  are  most  immediately  and  effectively  destroyed  by  it.  The  foetid  odour 
Tom  the  boiling  solution  of  cochineal  (for  instance),  which  is  so  persistent  in  dye- 
louses,  is  most  completely  removed  by  the  admission  of  sulphurous  acid  vapour  (J. 
3mham). 

The  compounds  of  nitrogen  or  ox\'gcn  arc  the  following  :  — 

Protoxide  of  nitrogen  or  nitrous  oxide NO 

Binoxide  of  nitrogen  or  nitric  oxide NOj 

Nitrous  acid NO3 

Peroxide  of  nitrogen  (hyponitric  acid  of  Thenard) NO4 

Nitric  acid NO5 


PROTOXIDE  OP   NITROGEN. 

Syn.  PROTOXIDE  of  azote,  nitrous  oxide;  Eg.  22  or  27b;  NO;  density 

1520-4; 


Tliis  gas  was  discovered  by  Dr.  Priestley  about  1776,  and  studied  by  Davy, 
prhosc  "  Researches,  Chemical  and  Philosophical,*'  published  in  1809,  contain  an 
elaborate  investigation  of  its  properties  and  composition.  Davy  first  observed  tho 
itimulating  power  of  nitrous  oxide  when  taken  into  the  lungs,  a  property  which  has 
BDce  attr4icted  a  considerable  degree  of  popular  attention  to  this  gas. 

Preparation* — Protoxide  of  nitrogen  is  always  prepared  from  the  nitrate  ot 
immonia.  i:?omo  attention  must  be  paid  to  the  purity  of  that  salt,  which  should 
xmtaiu  no  hydrochloratc  of  ammonia.  It  is  formed  by  adding  pounded  carbonate 
)f  ammonia  to  pure  nitric  acid,  which,  if  concentrated,  may  be  previously  diluted 
irith  half  its  bulk  of  water,  so  long  as  there  is  effervescence;  and  a  small  excess  of 
ihc  carlxinate  may  be  left  at  the  end  in  the  liquor.  The  solution  should  be  filtered, 
md  eoncentrated  till  its  boilinff  point  begins  to  rise  above  250°,  ?ind  a  drop  of  it 
lecomes  solid  on  a  cool  glass  plate.  On  cooling,  it  forms  a  solid  cake,  which  may 
>e  broken  into  fragments.  To  obtain  nitrous  cxide,  a  quantity  of  this  salt,  which 
iboold  never  be  less  than  6  or  8  ounces,  is  introduced  into  a  retort,  or  a  globular 

*  [See  Supphment,  p.  760.] 
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Fig.  115.  flask,  called  a  bolt-head  a,  and  beaM 

charcoal  choffer  fr,   the  difFoaed  fadi 
which  is  more  suitable  than  the  faeM 
lamp.     Paper  may  be  pasted  over  tW 
of  the  bolt-head  to  keep  it  air-tight  "' 
temperature  not  under  840^  the  satf 
and  begins  to  undergo  decompositioD|1 
resolved  into  nitrous  oxide  and  water, 
heat  is  evolved  in  this  decomposition,  i 
is  a  kind  of  combustion  or  dcflagratioo 
choffer  must  be  withdrawn  to  such  i 
tance  from  the  flask  as  to  sustain  o 
moderate  ebullition.     If  the  tempcrati 
allowed  to  rise  too  high,  the  ebullitio 
comes  tumultuous,  and  the  flask  is 
with  white  fumes,  which  have  an  irritating  odour ;  and  the  gas  which  then  ( 
off  is  little  more  than  nitrogen.     Nitrous  oxide  should  be  collected  in  a  gasoi 
or  in  a  gas-holder  filled  with  water  of  a  temperature  about  90^,  as  cold  water  al 
much  of  this  gas.     The  whole  salt  undergoes  the  same  decomposition,  and  no 
whatever  is  left  in  the  retort.* 

Nitrous  oxide  is  likewise  produced  when  the  salt  called  nitro-sulphate  of  anu 
is  thrown  into  an  acid;  and  also  when  zinc  and  tin  are  dissolved  in  dilute 
acid,  but  the  latter  processes  do  not  afford  the  gas  in  a  state  of  purity. 

The  nature  of  the  decomposition  of  the  nitrate  of  ammonia  will  be  best  cxp 
by  the  following  diagram,  in  which  an  equivalent  of  the  salt,  or  80  parts,  s 
posed  to  be  used.  It  will  be  observed  that  the  three  equivalents  of  hydro| 
the  ammonia  are  burned,  or  combine  with  three  equivalents  of  the  oxygen  < 
nitric  acid,  and  form  water,  while  the  two  equivalents  of  nitrogen  in  the  am 
and  nitric  acid  combine  with  the  two  remaining  equivalents  of  the  oxygen  • 
latter :  -^ 


Before  dcoompoeiUon. 


After  dooompoeitlon. 


80  Nitrate  of  ammonia.    < 


80 


[Oxyfren 
OxyKvn 

64  Nitric  add  ]  '^11^^ 

Oxyjrcn 
.  Nitrogen 
Nitrogen 
17  Ammonia       ;[y«|«>iwn 

^  Hydrogen 
9  Water  Water 

80 


r-22  Nitroniozldc 
22  Nitrous  oxUa. 


9  Water. 
9  Water. 
9  Water. 
9  Water. 


SO 


80 


Or  in  symbols :  — 


NH,,  H0  +  N0i=2N0  and  4H0. 


From  the  diagram  it  appears  that  80  grains  of  the  salt  yield  44  grains  of 
oxide  and  35  grains  of  water.     One  grain  of  salt  yields  rather  more  than  on 
inch  of  gas. 

Properties.  —  Nitrous  oxide  possesses  the  usual  mechanical  properties  of 
and  has  a  faint  agreeable  smell.  It  has  been  liquefied  by  evolving  it  fr 
decomposition  of  the  nitrate  of  ammonia  in  a  sealed  tube,  and  possessed  in  tl» 
state  an  elastic  force  of  above  50  atmospheres  at  45°.  [It  has  also  been  U 
by  mechanical  compression  (Natterrer,  Ann.  de  Phar.  54,  254).  Liquid 
oxide  is  colourless,  very  volatile,  boils  under  the  pressure  of  one  atmosp 


>  For  the  preparation  and  properties  of  this  and  other  gases,  the  Elements  of  CI 
;f  829)  of  the  late  Dr.  Henry  may  still  be  consulted  with  advantage. 
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— 125^  (Hcgnault,  Compt  Bend.  t.  28,  833) :  a  drop  falling  on  the  Land  produces 
effects  similar  to  a  bum ;  potassium,  charcoal,  sulphur,  and  phosphorus  float  on  its 
surface  unaltered,  but  ignited  charcoal  bums  with  brilliancy.  Water  poured  on  it| 
freezes  instantly,  and  the  liquid  is  converted  into  gas  with  almost  explosive  rapiditj. 
Issuing  from  a  jet  pipe,  part  is  reduced  to  a  solid  state  by  the  sudden  evaporation 
of  the  rest  The  solid  is  snowlike,  and  placed  on  the  hand  produces  the  same  effects 
as  the  liquid  (Dumas,  Compt.  Rend.  t.  27,  4G3).  When  the  liquid  is  exposed  to 
the  cold  produced  by  the  vaporization  of  solid  carbonic  acid  and  ether,  it  freezes  at 
the  temperature  of  — 150**  (Faraday).  — 11.  B.]  The  gas  is  formed  by  the  union 
of  a  combining  measure,  or  2  volumes  of  nitrogen,  with  n  combining  measure,  or  1 
Tolamc  of  oxygen,  which  are  condensed  into  2  volur^c<!,  the  combining  measure  of 
this  gas.  The  weight  of  a  single  volume,  or  the  density  of  the  gas,  is  therefore  by 
calculation  — 

071.4+971.4  +  1105.6      ^.^.  ^ 

—     — =li)24.2 

Cold  water  agitated  with  this  gas  dissolves  about  three-fourths  of  its  volume  of  the 
gas,  and  acquires  a  sweetish  taste,  but,  I  believe,  no  stimulating  properties.  Bodies 
which  burn  in  air,  burn  with  increased  brilliancy  in  this  gas,  if  introduced  in  a  state 
of  ignition.  A  newly  blown  out  taper  with  a  red  wick  may  be  rekindled  in  it,  as  in 
oxygen.  3Iixed  with  an  equal  bulk  of  hydrogen,  and  ignited  by  flame  and  tho 
electric  spark,  it  detonates  violently.  In  all  these  cases  of  combustion,  the  nitrous 
oxide  is  decomposed,  its  oxygen  uniting  with  the  combustible  and  its  nitrogen  being 
set  free.  When  transmitted  through  a  red-hot  porcelain  tube,  nitrous  oxide  is 
likewise  decomposed  and  resolved  into  oxygen,  nitrogen,  and  the  peroxide  of 
nitrogen. 

Nitrons  oxide  was  supposed  by  Davy  to  combine  with  alkalies,  when  generated 
in  contact  with  them,  but  these  compounds  have  since  been  found  to  contain  nitro* 
sulphuric  acid. 

This  gas  may  be  respired  for  two  or  three  minutes  without  inconvenience,  and 
wl.cn  the  gas  is  unmixed  with  air,  and  the  lungs  have  been  well  emptied  of  air 
bt  fore  respiring,  it  induces  an  agreeable  state  of  reverie  or  intoxication,  often  accom- 
panied with  considerable  excitement,  which  lasts  for  a  minute  or  two,  and  disappears 
without  any  unpleasant  consequences.  The  gas  from  an  ounce  and  a  half  or  two 
ounces  of  nitrate  of  ammonia  is  sufficient  for  a  dose,  and  it  should  be  respired  from 
a  bag  of  the  size  of  a  large  ox-bladder,  and  provided  with  a  wooden  tube  of  an  inch 
internal  diameter.  The  volume  of  the  gas  diminishes  rapidly  during  the  inspiration, 
and  finally  only  a  few  cubic  inches  remain.  An  animal  entirely  confined  in  this 
gas  soon  dies  from  the  prolonged  effects  of  the  intoxication. 


BINOXIDE  OF   NITROGEN. 
S^n.  BINOXIDE,  OR  DEUTOXIDE  OF  AZOTE,  NITRIC  OXIDE;  Eq.  30  or  875; 

NOa;  rfcn5i/y  1038-8; 


This  gas,  which  comes  off  during  the  action  of  nitric  acid  upon  most  metals, 
appears  to  have  been  collected  by  Dr.  Hales,  the  father  of  pneumatic  chemistry,  but 
ili  properties  were  first  minutely  studied  by  Dr.  Priestley. 

Prrparation* — Hinoxide  of  nitrogen  is  easily  procured  by  the  action  of  nitrio 
add  dilute^!  to  the  specific  gravity  1.2,  upon  sheet  copper  clipped  into  small  pieces. 
As  DO  heat  is  required,  this  gas  may  bo  evolved  like  hydrogen  from  a  gas  bottle 
(page  234).  Mercury  may  be  substituted  for  copper,  but  it  is  then  necessary  to 
apply  a  gentle  heat  to  the  materials.  This  gas  may  be  collected  and  retained  over 
inUcr  without  loss. 

*  [<Si(M  Svppltment,  p.  760.] 


\ 
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In  dissolving  in  nitric  acid,  the  copper  takes  oxygen  from  one  portion  of  acidi 
becomes  oxide  of  copper,  which  combines  with  another  portion  of  nady  and  lb 
the  nitrate  of  copper,  the  solution  of  which  is  of  a  blue  colour.  The  portiflil 
nitric  acid  which  is  decomposed  losing  three  equi\*alents  of  ozjgcn  and  retaii 
two,  appears  as  nitric  oxide  gas.  This  is  more  clearly  shown  in  the  folloitf 
diagram:  — 

ACTION   OF  NITRIC  ACID  UPON  COPPER. 


54  Nitric  acid 


Before  decomposition. 

^Nitrogen  14 

Oxygen 8 

Oxygen 8 

Oxygen 8 

Oxygen 8 

^Oxygen 8 

82  Copper Copper 32 

54  Nitric  acid  ....  Nitric  acid 54 

82  Copper Copper 32 

54  Nitric  acid  ...  Nitric  acid 54 

82  Copper Copper 32 

54  Nitric  acid  ....  Nitric  acid 54 


After  decompontioiL 
30  Binoxide  of  nitrogea 


312 


312 


94  Nitrate  of  copper. 

94  Nitrate  of  copper. 

94  Nitrate  of  copper. 
312 


Or  in  symbols : — 

4N06  and  3Cu=3(Cu  0,  NO*)  and  NO,. 

Properties. — This  gas  is  colourless,  but  when  mixed  with  air  it  produces  n 
fumes  of  the  peroxide  of  nitrogen.  It  is  irri tilting,  and  causes  the  glottis  to  con: 
spasmodically  when  an  attempt  is  made  to  respire  it.  Nitric  oxide  has  never  I 
liquefied :  water  at  60°,  according  to  Dr.  Ileiiry,  takes  up  only  5  or  6  per  cen 
this  gas.  It  is  formed  of  one  combining  measure  of  nitrogen  or  2  volumes,  and 
combining  measures  of  oxygen  or  2  volumes,  united  without  condensation,  so 
the  combining  measure  of  nitric  oxide  contains  4  volumes.  The  weight  of  on 
lumC;  or  the  density  of  the  gas,  is  therefore 

971.4+971.4-hll05.6-hn0o.6_.^Qgg  5 
4 

This  gas  is  not  decomposed  by  a  low  red  heat 

Many  combustibles  do  not  burn  in  nitric  oxide,  although  it  contains  half  il 
lume  of  oxygen.  A  lighted  candle  and  burning  sulphur  are  extinguished  \ 
mixed  with  hydrogen,  it  is  not  exploded  by  the  electric  spark  or  by  flame,  1 
imparts  a  green  colour  to  the  flame  of  hydrogen  burning  in  air.  Phosphom 
charcoal,  however,  introduced  in  a  state  of  ignition  into  this  gas,  continue  to 
with  incrca.scd  vehemence.  The  state  of  combination  of  the  oxygen  in  thi 
appears  to  prevent  that  substance  from  uniting  with  combustibles,  unless,  lik 
two  last  mentioned,  they  evolve  so  much  heat  as  to  decompose  the  nitric  < 
Several  of  the  more  oxidable  metals,  such  as  iron,  withdraw  the  half  of  the  oo 
from  this  gas,  when  left  in  contact  with  it,  and  convert  it  into  nitrous  oxide. 

No  property  of  nitric  oxide  is  more  remarkable  than  its  attraction  for  oi 
and  it  may  be  employed  to  separate  this  from  all  other  gases.  Nitric  oxide  ind 
the  presence  of  free  oxygen  in  a  gaseous  mixture,  by  the  appearance  of  fumes 
arc  pale  and  yellow  with  a  small,  and  reddish  brown  and  dense  with  a  large  p 
tion  of  the  latter  ^s ;  and  also  by  a  subsequent  contraction  of  the  gaseous  tc 
arising  from  the  absorption  of  these  fumes  by  water.  Added  in  sufiScient  qiu 
nitric  oxide  will  thus  withdraw  oxygen  most  completely  from  any  mixture. 
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notwithsiandiDg  this  property,  nitric  oxide  cannot  be  employed  with  advantage  in 
the  analysis  of  air  or  similar  mixtures,  for  the  contraction  which  it  occasions  does 
not  affoi-d  certain  data  for  determining  the  proportion  of  oxygen  which  has  disap- 
peared. Nitric  oxide  is  capable  of  combining  with  diflPerent  proportions  of  oxygen, 
a  combining  measure  or  4  volumes  of  the  gas  uniting,  in  such  experiments,  with  1, 
2  or  3  volumes  of  oxygen,  and  forming  nitrous  acid,  peroxide  of  nitrogen  or  nitric 
acid,  or  several  of  these  compounds  at  the  same  time. 

This  oxide  of  nitrogen,  like  the  preceding,  is  a  neutral  body,  and  has  a  very 
limited  range  of  aflBuity.  A  substance  is  left  on  igniting  the  nitrate  of  potassa  or 
baryta,  which  was  supposed  to  be  a  compound  of  nitric  oxide  with  potassium,  or 
barium,  but  Mitscherlich  finds  it  to  be  either  the  caustic  protoxide  itself  or  the 
peroxide  of  the  metal.  But  nitric  oxide  is  absorbed  by  a  solution  of  the  sulphate 
of  iron,  which  it  causes  to  become  black ;  the  greater  part  of  the  gas  may  be  ex- 
pelled again  by  boiling  the  solution.  All  the  soluble  proto-salts  of  iron  have  the 
same  property,  and  the  nitric  oxide  remains  attached  to  the  oxide  of  iron  when  pre- 
cipitated in  the  insoluble  salts  of  that  metal.  The  proportion  of  nitric  oxide  in 
these  combinations  is  found  by  Peligot  to  be  definite ;  one  eq.  of  the  nitric  oxide  to 
four  of  the  protoxide  of  iron  j  or,  the  nitric  oxide  contains  the  proportion  of  oxygen 
required  to  convert  the  protoxide  into  scsquioxide  of  iron.  (Ann.  de  Chim.  et  de 
Phys.  t.  liv.  p.  17).  Nitiic  oxide  is  also  absorbed  by  nitric  acid.  With  sulphurous 
acid  nitric  oxide  forms  a  compound  which  will  be  more  particularly  noticed  under 
that  acid. 

NITROUS   ACID. 

Syn.  AZOTOUS  acid  {Thcnard).     Eq.  38  or  475;  NO3. 

The  direct  mode  of  forming  this  compound  is  by  mixing  4  volumes  of  binoxide 
of  nitrr^gcn  with  1  volume  of  oxygen,  both  perfectly  dry,  and  exposing  the  mixture 
to  a  great  degree  of  cold.  The  gases  unite,  and  condense  into  a  liquid  of  a  green 
colour,  which  is  very  volatile,  and  fqrms  a  deep  reddish  yellow  coloured  vapour. 
Nitrous  acid  prepared  in  this  way  is  decomposed  at  once  when  thrown  into  water; 
an  effervescence  occurring,  from  the  escape  of  nitric  oxide,  and  nitric  acid  being 
produced,  which  gives  stability  to  a  portion  of  the  nitrous  acid.  Nitrous  acid  cannot 
be  made  to  unite  directly  with  alkalies  and  earths,  probably  owing  to  the  action  of 
water  first  described.  But  when  oxygen  gas  is  mixed  with  a  large  excess  (»f  nitric 
oxide,  in  contact  with  a  solution  of  caustic  potassa,  the  gases  were  found  by  Gay- 
Lussac  always  to  disappear  in  the  proportions  of  nitrous  acid,  which  was  produced 
and  entered  into  combination  with  the  potassa,  forming  a  nitrite  of  potassa.  Similar 
nitrites  may  also  be  produced  by  calcining  the  nitrate  of  soda  till  the  fused  salt  be- 
comes alkaline ;  or  by  boiling  the  nitrate  of  lead  with  metallic  lead.  The  nitrite 
of  soda  may  be  dissolved  and  filtered,  and  the  solution  precipitated  by  nitrate  of 
silver;  a  process  which  gives  the  nitrite  of  silver,  a  salt  possessing  a  sparing  degree 
of  solubility,  like  that  of  cream  of  tartar,  but  which  may  be  purified  by  solution 
and  crystallization,  and  then  affords  ready  means  of  obtaining  the  other  nitrites  by 
double  decomposition  (Mitscherlich).  Nitrous  acid  is  liberated  from  the  nitrites  by 
acetic  acid.  When  free  sulphuric  acid  is  added  to  a  solution  of  nitrite  of  silver,  the 
disengaged  nitrous  acid  is  immediately  resolved  into  nitric  acid  and  nitric  oxide. 
The  subnitrite  of  lead,  on  the  other  hand,  may  be  decomposed  by  the  bisulphate  of 
potassa  or  soda  to  obtain  a  neutral  nitrite  of  one  of  these  bases  (Berzelius).  The 
nitrites  of  potassa  and  soda  are  soluble  in  alcohol,  while  the  nitrates  are  not  so. 

Nitrous  acid  is  also  capable  of  combining  with  several  acids,  in  particular  with 
iodic,  nitric,  and  sulphuric  acids.  Its  combination  with  the  last  is  obtained  by  seal- 
ing np  together  liquid  sulphurous  acid  and  peroxide  of  nitrogen  (NO4)  in  a  gla^s 
tabe.  In  the  course  of  a  few  days  the  tube  may  be  opened :  the  substances  arc 
oombined,  and  form  a  solid  mass,  which  may  be  heated  up  to  (200°  C.)  its  point  of 
fusion.  At  a  higher  temperature  it  distils  without  alteration.  In  this  experiment, 
inlphunma  acid  acquires  an  equivalent  of  oxygen^  and  becomes  sulphuric  acid. 
17 
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while  peroxide  of  nitrogen  loses  an  equivalent  of  oxygen,  and  becomes  nitronfl  a 
but  one  half  only  of  the  latter  acid  formed  unites  wiu  sulphurio  add,  the  comp 
tion  of  the  body  formed  being  NOg+^SOs.  The  reaction  is  expressed  as  follaifi 

2S0,  and  2N04=  NO, + 2S0,  and  NO,. 

This  compound  is  soluble  in  strong  oil  of  vitriol  without  decompositioii ;  but  i 
sulphuric  acid  somewhat  diluted  it  takes  water,  and  forms  a  crystalline  snbsta 
which  often  appears  in  the  manufacture  of  sulphurio  acid,  as  we  shall  aftcrwi 
find.  The  original  solid  compound  is  decomposed  by  pure  water  or  highly  dik 
sulphuric  acid,  and  the  sulphuric  and  nitrous  acids  become  free.  The  tendenq 
nitrous  acid  to  combine  with  other  acids  has  already  been  noticed,  as  assimiltl 
this  compound  of  nitrogen  to  arscnious  acid  and  the  oxide  of  antimony  (page  14 

PEROXIDE  OF  NITROGEN. 

Syn,  HYPONiTRic  ACID,  NITROUS  GAS  (Berzelius),    Eq.  46  or  575;  NO*;  f) 

retical  density,  1591.3; 


This  compound  forms  the  principal  part  of  the  ruddy  fumes  which  always  ap| 
on  mixing  nitric  oxide  with  air.  As  it  cannot  be  made  to  unite  either  diredl; 
indirectly  with  bases,  and  has  no  acid  properties,  any  designation  for  this  oxid 
nitrogen  which  implies  acidity  should  be  avoided,  and  the  name  nitrous  acid  in 
ticular,  which  is  applied  on  the  continent  to  the  preceding  compound.  The  n 
peroxide  of  nitrogen  is  more  in  accordance  witli  the  rules  generally  followo 
naming  such  compounds. 

Preparation, — When  4  volumes  of  nitric  oxide  and  2  of  oxygen,  both  perl 

dry,  are  mixed,  this  compound  is  alone  produced,  and  the  six  volumes  of  n 

gases  are  condensed  into  4  volumes,  which  may  be  considered  the  combining 

sure  of  peroxide  of  nitrogen.     The  weight  of  1  volume,  or  the  density  of  thji 

must  therefore  be 

1038.6X4+1105.6X2_2591  3 
4 

The  peroxide  of  nitrogen  is  also  contained  in  the  coloured  and  fuming  mint 
of  commerce,  and  may  be  obtained  in  the  liquid  condition  by  gently  wannin| 
acid,  and  condensing  the  vapour  which  comes  over,  by  transmitting  it  throi 
glass  tube  surrounded  by  ice  and  salt.    But  it  is  prepared  with  most  advantage 
the  nitrate  of  lead,  the  crystals  of  which,  after  being  pounded  and  well  dri 
deprive  the  salt  of  hygrometric  water,  are  distilled  in  a  retort  of  hard  gla 
porcelaiu,  at  a  red  heat,  and  the  red  vapours  condensed  in  a  receiver  kept  ver 
by  a  freezing  mixture.     Oxygen  gas  escapes  during  the  whole  process,  the 
acid  of  the  nitrate  of  lead  being  resolved  into  oxygen  and  peroxide  of  nitrpgc 
N06=N04  and  0.     As  obtained  by  the  last  process,  which  was  proposed  t; 
long,  peroxide  of  nitrogen  is  a  highly  volatile  liquid,  boiling  at  82®,  of  a  red 
at  the  usual  temperature,  orange  yellow  at  a  lower  temperature,  and  nearly  1 
less  below  zero,  of  density  1-451,  and  a  white  solid  mass  at  — 40°.     It  is  c 
ingly  corrosive,  and,  like  nitric  acid,  stains  the  skin  yellow.     The  red  colouz 
vapour  becomes  paler  at  a  low  temperature,  but  with  heat  increases  greatly  in 
sity,  so  as  to  appear  quite  opaque  when  in  a  considerable  body  at  a  high  tc: 
ture.     It  is  the  vapour  which  Brewster  observed  to  produce  so  many  daiic  1 
the  spectrum  of  a  ray  of  light  which  passes  through  it  (page  100).     The  p< 
is  not  decomposed  by  a  low  red  heat,  and  appears  to  be  the  most  stable  of  the 
of  nitrogen.     No  compound  of  it  is  known,  unless  peroxide  of  nitrogen 
radical,  as  some  suppose,  of  nitric  acid.     But  Bcrzelius  is  inclined  to  oonaic 
(>xid6  as  itself  a  compound  of  nitric  and  nitrous  acids^  for 


NITRIC  ACID.  259 

N05+N03=2N04.' 

The  liquid  peroxide  of  nitrogen  is  partially  decomposed  by  water,  nitric  oxide 
coTning  off  with  effervescence,  and  more  and  more  nitric  acid  being  produced,  in 
proportion  to  the  quantity  of  water  added ;  but  a  portion  of  the  peroxide  always 
escapes  this  action,  being  protected  by  the  nitric  acid  formed.  In  the  progress  of 
this  dilution  the  liquid  undergoes  several  changes  of  colour,  passing  from  red  to 
yellow,  from  that  to  green,  then  to  blue,  and  becoming  at  last  colourless.  The 
peroxide  of  nitrogen  is  readily  decomposed  by  the  more  oxidable  metalsi  and  is  a 
powerful  oxidizing  agent. 


NITRIC   ACID. 

Syn.  AZOTIC  acid  ( Thenard),     Eq,  54  or  675 ;  NOj. 

A  knowledge  of  this  highly  important  acid  has  descended  from  the  earliest  ages 
of  chemistry,  but  its  composition  was  first  ascertained  by  Cavendish,  in  1785.  He 
succeeded  in  forming  nitric  acid  from  its  elements,  by  transmitting  a  succession  of 
electric  sparks  during  several  days  through  a  small  quantity  of  air,  or  through  a 
mixture  of  1  volume  of  nitrogen  and  2  J  volumes  of  oxygen,  confined  in  a  small  tube 
over  water,  or  over  solution  of  potassa ;  in  the  last  case,  the  absorption  of  the  gases 
waa  complete,  and  nitrate  of  potassa  was  obt<aincd.  A  trace  of  this  acid  in  combina- 
tion with  ammonia  has  been  detected  in  the  rain  of  thunder-storms,  produced  pro- 
bably in  the  same  manner.  It  was  also  observed  by  Gay-Lussac  to  be  the  sole 
product  when  nitric  oxide  is  added,  in  a  gradual  manner,  to  oxygen  in  excess  over 
wator ;  the  gases  then  unite,  and  disappear  in  the  proportion  of  4  volumes  of  the 
former  to  3  of  the  latter.  It  is  also  a  constituent  of  the  salt,  nitre  or  salpetre,  found 
in  the  soil  of  India  and  Spain,  which  is  a  nitrate  of  potassa,  and  also  of  nitrate  of 
soda,  which  occurs  in  large  quantities  in  South  America. 

r Anhydrous  nitric  acid  was  first  prepared  in  1849,  by  M.  Deville  (Compt.  Bend, 
t.  58,  p.  257),  by  treating  dry  nitrate  of  silver  with  dry  chlorine.  The  nitrate  of 
fcilver  is  placed  in  a  U-tube,  to  which  a  second,  having  a  spherical  reservoir  at  the 
curved  part,  is  attached.  The  first  tube  is  immersed  in  a  vessel  of  water,  which  can 
be  heated  by  a  spirit-lamp,  and  the  second  in  a  freezing  mixture.  Chlorine  gas  is 
evolved  and  passed  first  through  a  tube  confining  chloride  of  calcium,  then  another 
filled  with  pumice  moistened  with  sulphuric  acid,  that  it  may  be  perfectly  dried 
before  it  reaches  the  nitrate  of  silver.  All  the  joints  are  united  by  the  blow-pipe. 
The  nitrate  of  silver  is  heated  to  856°  F.,  and  a  stream  of  carbonic  acid  passed 
through  the  apparatus  to  dry  the  salt,  after  which  it  is  allowed  to  cool  and  the 
chlorine  is  transmitted.  At  common  temperatures  there  is  no  appearance  of  action, 
but  when  the  heat  is  raised  to  208  and  then  lowered  to  between  135  and  165°, 
decomposition  takes  place,  chloride  of  silver  is  produced,  and  crystals  of  nitric  acid 
l>cgin  to  appear  in  the  second  U-tube  at  the  part  not  immersed  in  the  freezing  mix- 
ture, and  a  small  quantity  of  liquid  condenses  in  the  spherical  reservoir,  while 
oxygen  and  chlorine  gases  escape.  To  transfer  the  nitric  acid,  the  stream  of  chlo- 
rine is  replaced  by  carbonic  acid,  and  the  freezing  mixture  taken  away;  the  liquid  is 
now  removed  from  the  reservoir  and  a  bulb  attached  to  receive  the  anhydrous  acid. 
TKis  bulb  is  immersed  in  the  freezing  mixture,  and  the  acid  evaporating  at  ordinary 
temperature  condenses  in  the  bulb,  which  when  filled  is  to  be  sealed  by  the  blow- 
pipe. 

Properties.  —  Anhydrous  nitric  acid  forms  transparent  colourless  crystals,  belong- 
ing to  the  right  rhombic  system.     It  fuses  at  a  little  above  85°,  and  boils  about 

1  Traits  de  Chimie,  par  J.  J.  Berzelius,  tmduite  par  MM.  EssUngcr  et  Hocffer,  DidoV, 
Parb,  1845.    An  excellent  edition  of  this  most  valuable  system  of  chemistry. 
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113^,  decomposing  slightly  at  that  temperature.  In  contact  with  water,  it  disod 
with  the  evolution  of  much  heat. 

At  ordinary  temperatures  it  is  liable  to  spontaneous  decomposition,  and  burate; 
bulb  by  the  increased  tension  of  the  confined  gases  (Dumas,  Compt  Bend.  L. 
p.  323).  —R.  B.]     [See  Supplement,  p.  7C6.J 

Preparation.  —  This  acid  has  not  until  recently  been  obtained  in  an  insoli 
state,  but  in  combination  with  water,  as  in  aqua  fortis  or  the  hydrate  of  nitric  m 
or  with  a  fixed  base,  as  in  the  ordinary  nitrates.  Tbe  hydrate,  (which  is  popuk 
termed  nitric  acid,)  is  eliminated  from  nitrate  of  potassa  by  means  of  oil  of  viti 
which  is  itself  a  hydrate  of  sulphuric  acid.  That  acid  imites  with  potassa,  in  I 
decomposition,  and  forms  sulphate  of  potassa,  displacing  nitric  acid,  which  \ 
brings  oflF  in  combination  with  itself  the  water  of  the  oil  of  vitriol.  There  is  a  n 
advantage,  first  pointed  out  by  Mr.  Phillips,  in  using  two  equivalents  of  oil  of  vit 
to  one  of  nitrate  of  potassa,  which  is  98  of  the  former  to  101  of  the  latter,  or  nei 
equal  weights.  The  acid  and  salt,  in  these  proportions,  are  introduced  into  a  ca 
cious  plain  retort,  provided  with  a  flask  as  a  receiver.  Upon  the  application  of  b 
a  little  of  the  nitric  acid  first  evolved  undergoes  decomposition,  and  red  fdi 
appear,  but  soon  the  vapours  become  nearly  colourless,  and  are  easily  condensed 
the  receiver.  During  the  whole  distillation,  the  temperature  need  not  exceed  26 
The  mass  remains  pasty  till  all  the  nitric  acid  is  disengaged,  and  then  enters  i 
fusion ;  red  vapours  again  appearing  towards  the  end  of  the  process.  The  resida 
salt  is  the  bisulphate  of  potassa,  or  double  sulphate  of  water  and  potassa,  HO.SO 
KO.SO3.  The  rationale  of  this  important  process  is  exhibited  in  the  folloi 
diagram :  — 

PROCESS  FOR   NITRIC  ACID. 

Bofbre  dooompodtion.  After  deoompoeitlon. 

(Nitric  add 54 -,-  03  Nitric  add  and  water. 

101  Nitrate  of  potawa... •<  ,'" 

(Potavsa 47 

rWatcr 0 

49  OU  of  vitriol.. \ 

1  Sulphuric  add    4<) ^^87  Sulphate  of  potiwssa  1  »,,^,  !.«-*_-. 

40  Oil  of  vitriol OU  of  vitriol....  49                            40  Sulphate  of  water   /  »'»«"?»»«•  "PO 

199  199  190 

In  this  operation  twice  as  much  sulphuric  acid  is  employed  as  is  required  to  n( 
lize  the  potassa  of  the  nitre,  by  which  means  the  whole  nitric  acid  is  elimi 
without  loss  at  a  moderate  temperature,  and  a  residuary  salt  is  left  which  is  * 
removed  from  the  retort. 

With  half  the  preceding  quantity,  or  a  single  equivalent  of  oil  of  vitrio 
materials  in  the  retort  are  apt  to  undergo  a  vesicular  swelling,  upon  the  appli 
of  heat,  and  to  pass  into  the  receiver.     Abundance  of  ruddy  fumes  are  also  cv 
that  are  not  easily  condensed,  and  prove  that  the  nitric  acid  is  decomposed, 
temperature  in  this  process  must  also  be  raised  inconveniently  high  towards  tl 
of  the  operation,  in  order  to  decompose  the  whole  nitre.     The  peculiarities  » 
decomposition  here  arise  from  the  formation  of  bisulphate  of  potassa  in  the  ope: 
the  whole  sulphuric  acid  uniting  in  the  first  instance  with  half  the  potassa 
nitre.     Now,  it  is  only  at  an  elevated  temperature  that  the  acid  salt  thus  i 
can  decompose  the  remaining  nitre ;  —  a  temperature  which  is  sufficient  to  \ 
pose  nitric  acid,  as  may  be  proved  by  transmitting  the  vapour  of  the  concei 
acid  through  a  tube  heated  to  the  same  degree. 

Ordinary  nitric  acid  for  manufacturing  purposes  is  generally  prepared 
tilling  nitrate  of  soda  with  an  equivalent  of  sulphuric  acid  not  at  its  highest 
of  concentration  in  a  large  cylinder  of  cast  iron  (fig.  116,  page  261),  suppo 
brickwork  over  a  fire.     Both  ends  of  the  cylinder  are  moveable,  and  general 
8ist  of  circular  discs  of  stone.    The  nitric  acid  which  distils  over  is  condense 
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series  of  large  vessels  of  salt-glaze  ware,  of  Fio.  lift, 

the  form  of  Woulf  bottles,  of  which  two, 
A,  B,  are  shown  in  the  figure. 

The  iron  cylinders  arc  generally  so  sup- 
ported that  two  of  them  arc  heated  by  one  "j 
fire,  as  in  fig.  117,  which  is  a  sectional  view 
'of  three  pairs  of  such  retort  cylinders.  The 
iron  of  the  vault  or  roof  of  the  cylinder  is 
most  apt  to  be  corroded  by  the  acid  vap(mrs, 
and  is  therefore  protected  by  a  coating  of  fire- 
clay or  of  tiles  of  the  same  material  cemented 
together. 

Properties.  —  The  acid  prepared  by  the 
first  process  is  colourless,  or  has  only  a  straw 
yellow  tint.  If  the  oil  of  vitriol  has  been  in 
its  most  concentrated  condition,  which  is 
K-ldom  the  case,  the  nitric  acid  is  in  its 
state  of  highest  concentration  also,  and  con- 
tains no  more  than  a  single  equivalent  of 
water.  The  density  of  this  acid  is  1.522  at 
58° ;  but  a  slight  heat  disengages  a  little 

peroxide  of  nitrogen  from  it,  and  its  density  becomes  1.521  (Mitscherlich).  The 
density  of  the  strongest  colourless  nitric  acid  which  Mr.  Arthur  Smith  could  pre- 
pare was  1.517  at  00° ;  it  boiled  at  184°,  and  came  within  1  per  cent,  of  the 
protohylrate  in  composition  (Chem.  Mem.  iii.  402).  When  distilled,  it  is  partially 
decompo.<ed  by  the  heat,  and  affords  a  product  of  a  strong  yellow  colour.  Its  vapour 
transmitted  through  a  porcelain  tube,  heated  to  dull  redness,  is  decomposed  in  a 
great  mea.sure  into  oxygen  and  peroxide  of  nitrogen ;  and  into  oxygen  and  nitrogen 
ga.ses,  when  the  tube  is  heated  to  whiteness.  The  colourless  liquid  acid  becomes 
yellow,  when  exposed  to  the  rays  of  the  sun,  and  on  loosening  the  stopper  of  the 
bottle  it  is  sometimes  projected  with  force,  frum  the  state  of  compression  of  the  dis- 
engaged oxygen,  llcuce  to  preserve  this  acid  colourless  it  must  bo  kept  in  a 
covered  bottle.  It  congeals  at  about  — iO°,  but  diluted  with  half  its  weight  of 
water,  it  becomes  srJid  at  1J°,  and  with  a  little  more  water  its  freezing  point  is 
again  lowered  to  — i5°.  Exposed  to  the  air,  the  concentrated  acid  fumes,  from  the 
condensation  by  its  vapour  of  the  moisture  in  the  atmosphere.  It  also  attracts 
moisture  from  damp  air,  and  increases  in  weight;  and  when  suddenly  mixed  with 
3-4ths  of  its  weight  of  water,  may  rise  in  temperature  from  60°  to  140°. 

Nitric  acid  has  a  great  afiinity  for  water,  and  diminishes  in  density  with  the  pro- 
^rtiou  of  water  added  to  it.  A  table  has  been  constructed  in  which  the  per 
centage  of  absolute  acid  is  expressed  in  mixtures  of  various  densities,  which  is  useful 
fi»r  reference  and  will  be  given  in  an  appendix.  There  appears  to  bo  no  definite 
hydrate  of  this  acid  between  the  first  (the  nitrate  of  water),  and  that  containing 
3  cq.  of  water  additional  CA.  Smith).  The  first  has  no  action  upon  tin  or  iron 
The  second  is  acid  of  density  1.424,  which  therefore  contains  4  eq.  of  water.  This 
last  hydrate  was  found  by  Dr.  I>alton  to  have  the  highest  boiling  point  of  any 
hydrate  of  nitric  acid :  it  is  250°,  and  both  weaker  and  stronger  acids  are  brought 
to  this  strength  by  continued  ebullition,  the  former  losing  water  and  the  latter  acid. 
The  density  of  the  vapour  of  this  hydrate  is  found  to  be  1243  by  A.  Bineau,  and 
it  contains  2  volumes  of  nitrogen,  5  volumes  of  oxygen,  and  8  volumes  of  steam 
condensed  into  10  volumes,  which  are  therefore  the  combining  measure  of  this 
Tapour  (Ann.  de  Chim  et  de  Phys.  Ixviii.  p.  418). 

Nitric  acid  is  exceedingly  corrosive,  and  one  of  the  strongest  acids,  yielding  only 
in  that  respect  to  sulphuric  acid.  The  &cility  with  which  it  parts  with  its  oxygen 
renders  it  very  proper  for  oxidatinc  bodies  in  the  humid  way,  a  purpose  for  which  it 
18  constantly  employed.    Nearly  aB  the  metals  are  oxidized  by  means  of  it;  some 
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of  them  with  extreme  violence,  such  as  copper,  mercury,  and  sine,  when  &b  i 
centratcd  acid  is  used ;  aud  tin  and  iron  by  the  acid  very  slightly  diluted.  Flop 
upon  red-hot  charcoal,  it  causes  a  brilliant  combustion.  When  mixed  with  a  Am 
of  iti)  bulk  of  sulphuric  acid,  and  thrown  upon  a  few  drops  of  oil  of  torpentiBi 
occasions  an  explosive  combustion  of  the  oil.  Sulphur  digested  in  nitric  aoil 
the  boiling  point  is  raised  to  its  highest  degree  of  oxidation  and  becomes  salph 
acid ;  iodine  is  also  converted  by  it  into  iodic  acid.  Most  vegetable  and  an 
substances  are  converted  by  nitric  acid  into  oxalic  and  carbonic  acids.  It  staioi 
cuticle  and  nails  of  a  yellow  colour,  and  has  the  same  effect  upon  wool ;  the  on 
patterns  upon  woollen  table-covers  are  produced  by  means  of  it  In  the  undSi 
state  it  forms  a  powerful  cautery. 

In  acting  upon  the  less  oxidable  metals,  such  as  copper  and  mercury,  nitrio 
is  itself  decomposed,  and  nitric  oxide  gas  produced,  which  comes  off  with  efin 
cence.     Palladium  and  silver,  when  they  are  dissolved  by  the  acid  in  the  cold, 
duco  nitrous  acid  in  the  liquor  and  evolve  no  gas,  but  this  is  very  unusual  in 
solution  of  metals  by  nitric  acid.     Those  metals,  such  as  zinc,  which  are  disao 
in  diluted  acids  with  the  evolution  of  hydrogen,  act  in  two  ways  upon  nitrio  i 
sometimes  they  decompose  it,  so  as  to  disengage  a  mixture  of  peroxide  of  nitv 
and  nitric  oxide,  and  at  other  times  they  decompose  both  water  aud  nitric  acid  ate 
in  such  proportions  that  the  hydrogen  of  the  water  combines  with  the  nitroga 
the  acid  to  form  ammonia,  which  last  combines  with  another  portion  of  acid,  aa 
retaiued  in  the  liquor  as  nitrate  of  ammonia.     The  protoxide  of  nitrogen  is 
evolved  when  zinc  is  dissolved  in  very  feeble  nitric  acid,  which  may  arise  fron 
action  of  hydrogen  upon  nitric  oxide.     Nitric  acid,  in  its  highest  state  of  conoei 
tion,  exerts  no  violent  action  upon  certain  organic  substances,  such  as  ligni 
woody  fibre  and  starch,  for  a  short  time,  but  unites  with  them  and  forms  siii| 
compounds.     A  proper  acid  for  such  experiments  is  procured  with  most  cert 
by  distilling  100  parts  of  nitre,  with  no  more  than  60  parts  of  the  strongest  < 
vitriol.     If  paper  is  soaked  for  one  minute  in  such  an  acid,  and  afterwards  wi 
with  water,  it  is  found  to  shrivel  up  a  little  and  become  nearly  as  tough  aa  | 
ment,  and  when  dried  to  be  remarkably  inflammable,  catching  fire  at  so  low  i 
peraturc  as  356°,  and  burning  without  any  nitrous  odour  (Pelouze).     Or  i 
strong  undiluted  nitric  acid  of  commerce  bo  mixed  with  an  equal  weight  of 
vitriol,  and  cotton-wool  be  immersed  in  the  mixture  for  a  minute  or  two  and 
wards  washed  with  water,  it  is  converted  into  gun-cotton,  without  injury  t 
cotton  fibre  (Schonbein). 

Nitric  acid  forms  an  important  class  of  salts,  the  nitrates,  which  occasion 
gration  when  fused  with  a  combustible  at  a  high  temperature,  from  the  oxy 
their  acid,  and  are  remarkable  as  a  class  for  their  general  solubility,  no  nitrate 
insoluble  in  water.     The  nitrate  of  the  black  oxide  of  mercury  is  perhaps  th 
soluble  of  these  salts.     The  nitrates  of  potassa,  soda,  ammonia,  baryta,  and  st 
are  anhydrous ;  but  the  nitriites  of  the  extensive  magnesian  class  of  oxides  i 
tain  water  in  a  state  of  intimate  combination,  and  have  a  formula  analogous 
of  hydrated  nitrio  acid,  or  the  nitrate  of  water  itself.     Of  the  four  atoms  o 
contained  in  hydrated  nitric  acid  of  sp.  gr.  1.42,  one  is  combined  with  the 
base,  and  may  be  named  basic  water,  while  the  other  three  are  in  corobinatit 
the  nitrate  of  water,  and  may  be  termed  the  constitutional  water  of  that  salt 
same  three  atoms  of  constitutional  water  are  found  in  all  the  magnesian  i 
with  the  addition  often  of  another  three  atoms  of  water,  as  appears  from  the 
ing  formula) :  — 

Nitric  acid,  1.42 HONOj+SHO 

Prismatic  nitrate  of  copper CuO.NOj+SHO 

Rhomboidal  nitrate  of  copper CuO.NOs+SHO+SHG 

Nitrate  of  magnesia MgO.NOft+SHO+SHG 
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It  is  doubtful  whether  the  proportion  of  constitutional  water  in  any  of  these 
nitmtcs  can  be  reduced  below  3  atoms  by  heat  without  the  loss  of  a  portion  of  nitric 
acid  at  the  same  time,  and  the  partial  decomposition  of  the  salt.  The  nitrates  of 
the  potassa  and  magnesian  classes  do  not  combine  together,  and  no  double  nitrates 
are  known,  nor  nitrates  with  excess  of  acid.  The  nitrates  with  excess  of  metallic 
oxide,  which  are  called  subnitrates,  appear  to  be  formed  on  the  type  of  the  magne- 
gian  class:  the  subnitrate  of  copper,  being  CuO.NOg+SCuO.SHO  (Gerhardt),  or 
nitrate  of  copper  with  3  atoms  hydrated  oxide  of  copper.  The  water  is  strongly 
retained,  and  requires  a  temperature  of  300°  to  expel  it.  The  nitrate  of  red  oxide 
of  mercury  is  HgO-NOj-f-IIgO  (Kane). 

Nitric  acid  in  a  solution  cannot  be  detected  by  precipitating  that  acid  in  combi- 
nation with  nny  base,  as  the  nitrates  are  all  soluble,  so  that  tests  of  another  nature 
must  be  had  recourse  to,  to  ascertain  its  presence.  A  highly  diluted  solution  of  sulphate 
of  indigo  may  be  boiled  without  change,  but  on  adding  to  it  at  the  boiling  temperature 
a  liquid  containing  free  nitric  acid,  the  blue  colour  of  the  indigo  is  soon  destroyed. 
If  it  is  a  neutral  nitrate  which  is  tested,  a  little  sulphuric  acid  should  be  added  to 
the  solution,  to  liberate  the  nitric  acid,  before  mixing  it  with  the  sulphate  of  indigo. 
It  is  also  necessary  to  guard  against  the  presence  of  a  trace  of  nitric  acid  in  the  sul- 
phuric acid.  Another  test  of  the  presence  of  nitric  acid  has  been  proposed  by  De 
Richeraont.  Tbe  liquid  containing  the  nitrate  is  mixed  with  rather  more  than  an 
equal  bulk  of  oil  of  vitriol,  and  when  the  mixture  has  become  cool,  a  few  drops  of  a 
Btrong  solution  of  protosulphate  of  iron  are  added  to  it.  Nitric  oxide  is  evolved, 
and  comftines  with  the  protosulphate  of  iron,  producing  a  rose  or  purple  tint  even 
when  the  quantity  of  nitric  acid  is  very  small.  One  part  of  nitric  acid  in  24,000 
of  water  has  been  detected  in  this  manner.  Free  nitric  acid  also  is  incapable  of  dis- 
solving  gold-leaf,  although  heated  upon  it,  but  acquires  that  property  when  a  drop 
of  hydrochloric  acid  is  added  to  it.  But  in  testing  the  presence  of  this  acid,  it  is 
always  advisable  to  neutralize  a  portion  of  the  liquor  with  ]>otassa,  and  to  evaporate 
80  as  to  obtain  the  thin  prismatic  crystals  of  nitre,  which  may  be  recognised  by  their 
form,  by  their  cooling  nitrous  taste,  their  power  to  deflagrate  combustibles  at  a  red 
heat,  and  by  the  characteristic  action  of  the  acid  they  contain,  when  liberated  by 
sulphuric  acid,  upon  copper  and  other  metals,  in  which  ruddy  nitrous  fumes  are 
pwluced. 

SWhen  obtained  from  nitrate  of  soda,  it  may  contain  iodine.  This  impure  acid 
d<,  on  distillation,  a  sublimate  of  iodine  after  all  the  nitric  acid  has  come  over. 
Neutralized  with  potassa,  mixed  with  a  solution  of  starch,  and  sulphuric  acid  added 
drv»p  bv  drop,  the  liquid  assumes  a  blue  colour  (Gmclin's  Ilandbook,  vol.  ii.  p.  393). 

—  R.  iv] 

If  nitric  acid  be  rigidly  pure,  it  may  be  diluted  with  distilled  water,  and  is  not 
disturbed  by  nitrate  of  silver,  nor  by  chloride  of  barium,  the  first  of  which  discovers 
the  presence  of  hydrochloric  acid  by  producing  a  white  precipitate  of  chloride  of 
silver;  the  last  discovers  sulphuric  acid  by  forming  the  white  insoluble  sulphate  of 
baryta.  The  fuming  nitric  acid  may  be  freed  from  hydrochloric  acid,  by  retaining 
it  warm  on  a  sand-bath  for  a  day  or  two,  when  the  chlorine  of  the  hydrochloric  acid 
goes  off  as  gas.  To  free  it  from  sulphuric,  it  should  be  diluted  with  a  little  water, 
and  distilled  from  nitrate  of  baryta ;  but  the  process  for  nitric  acid  which  has  been 
described  gives  it  without  a  trace  of  sulphuric  acid,  when  carefully  conducted. 

Uses.  —  Nitric  acid  is  sometimes  used  in  the  fumigations  required  for  contagious 
.  diseases,  particularly  in  wards  of  hospitals  from  which  the  patients  are  not  removed, 
the  fumes  of  this  acid  being  greatly  less  irritating  than  those  of  chlorine.  For  the 
purpose  of  fumigation,  pounded  nitre  and  concentrated  sulphuric  acid  are  used, 
being  heated  together  in  a  cup.  Nitric  acid  is  par  excellence  the  solvent  of  metals, 
and  has  other  most  numerous  and  varied  applications  not  only  in  chemistry,  but 
likewise  in  the  arts  and  mannfactures. 


NITROGEN. 
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Eq.  17  or  212.5;  HjN;  density  6 
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With  hydrogen,  nitrogen  forms  a  remorkable  easeoiu  compound  ~i 
vbk'h  derives  its  name  from  eal  ammoniac,  a  mt  from  vbich  it  U 
extracted,  and  which  again  mas  so  named  from  being  first  prepared  in  A 
of  Ammonia,  in  Libya.  Ammonia  ia  produced  in  the  destructive  distilUt 
organic  matters  conlainiog  nitrogen,  which  has  given  rise  to  one  of  iti 
names,  the  Spirits  of  HartBhom.  It  ia  also  produced  during  the  pntrcfaoti 
same  matters,  and  finds  its  way  into  the  atmosphere  (page  252).  A  tiMi 
always  found  in  the  native  oxides  of  iron,  in  the  varieties  of  clay,  and  is  m 
minerals. 

Nitrogen  and  hydrogen  mixed  together  do  not  exhibit  any  dispositioa  to 
even  when  heated ;  but  if  electric  sparks  be  taken  through  a  mixture  of  tb 
particularly  with  the  presence  of  any  acid  Tapoor,  a  sensible  trace  of  a  n 
monia  is  produced.  Ilydrogen,  however,  if  evolved  in  contact  with  nit« 
in  certain  circnmstanecs  form  ammonia.  Thus  in  the  rusting  of  iron  in  * 
taining  air  or  nitrogen  and  carbonic  acid,  the  hydrogen  which  is  then  evol 
the  decomposition  of  the  water,  appears  to  combine  in  its  nascent  state  with 
If,  while  anc  is  dissolving  in  dilute  snlphuric  acid,  nitric  acid  be  addad 
drop  till  the  evolution  of  hydrogen  gas  ceases,  the  latter  will  be  fonnd  to  ha 
with  the  nitrogen  of  the  nitric  acid,  and  much  ammonia  to  be  formed;  tk 
of  the  nitric  acid  combining  with  hydrogen  also,  to  form  water,  at  the  n 
If  the  proportion  of  oitric  acid  be  relatively  Bmall,  Mr.  Nesbitt  finds  that  i 
entirely  converted  into  ammonia  in  thia  manner.  When  zinc  is  dissolved 
acid  alone,  which  is  neither  much  diluted  nor  very  strong,  bnt  in  an  inti 
condition,  the  same  suppression  of  hydrogen  and  formation  of  anomonia  ia 

Preparation.  — In  a  state  of  purity,  ammonia  is  a  gas,  of  which  the  m 
liqvor  or  aqua  ammoniee  ii  a  solution  in  water.  This  solution,  which  is  el 
use  as  a  reagent,  is  jin'parcd  by  mixing  intimately  gal  ammoniac  (hydroci 
ammonia')  with  an  equal  weight  of  slaked  lime,  iutroducing  tbc  mixture  is' 
retort  or  bolt-head,  which  is  afterwards  filled  up  with  slaked  lime  (A,  fig.  1 
Fig.  118. 
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distilling  by  tlie  diffused  heat  of  a  chauifer  or  sand-pot.  If  reconrse  is  had  to 
the  gas-flame,  the  heat  may  be  conveniently  difiused  by  placing  the  burner  within 
a  cylinder  of  sheet  iron  about  14  inches  in  height,  as  represented  in  the  figure,  with 
a  perforated  stage  B,  covered  with  small  fragments  of  pumice-stone,  on  which  the 
flask  A  is  supported.  Ammoniacal  gas  comes  off,  which  should  be  conducted  into 
a  quantity  of  distilled  water  in  the  bottle  C,  to  condense  it,  equal  to  the  weight  of 
the  salt  employed.  Chloride  of  calcium  and  the  excess  of  lime  remain  in  the  retort| 
and  a  considerable  quantity  of  water  is  liberated  in  the  process,  and  distils  over 
with  the  ammonia.     This  reaction  is  explained  in  the  following  diagram :  — 


PROCESS  FOB  AMMONIA. 


Before  decomposition. 

C  Ammonia  17 
53.5  Hydrochlorate  of  ammonia  <  Hydrogen    1 

(^  Chlorine    35.5 

C  Oxygen       8 
28      lame j  Calcium    20 

81.5  81.5 


After  decomposition. 
17    Ammonia. 


9     "Water,     [cium. 
55.5  Chloride  of  cal- 

81.5 


Or  in  symbols : 


NH4CI  and  CaO=NH3  with  HO  and  CaCl. 


Fio.  119. 


To  obtain  ammoniacal  gas,  a  portion  of  the  solution  prepared  by  the  preceding 
process  may  be  introduced  into  a  small  plain  retort^  A  (fig.  119),  by  means  of  the 
lone  funnel  B ;  and  the  short  bent  tube  C  being  adapted  by  a 
peitorated  cork  to  the  mouth  of  the  retort,  the  liquid  is  boiled 
by  a  centle  heat,  when  the  gas  is  first  expelled  from  its  superior 
TolatiTity,  and  collected  in  a  jar  filled  with  mercury,  and  inverted 
over  the  mercurial  trough  (fig.  120,  page  2C6).   Or  the  gas  may  g^ 
be  derived  at  once  from  sal  ammoniac,  mixed  with  twice  its 
weight  of  quicklime  in  a  small  retort,  and  collected  over  mer- 
cury. 

Properties.  —  Ammonia  is  a  colourless  gas,  of  a  strong  and 
pungent  odour,  familiar  in  spirits  of  hartshorn.  It  is  composed 
of  2  volumes  of  nitrogen  and  6  of  hydrogen,  condensed  into  4 
Tolumes,  which  form  the  combining  measure  of  this  gas.  Am- 
monia is  resolved  into  its  constituent  gases,  in  these  proportions, 
when  transmitted  through  an  ignited  porcelain  tube  containing 

Elatinum,  iron,  or  copper  wire.  The  two  latter  metals  absorb  a 
ttle  nitrogen  (Despretz),  and  become  brittle,  but  the  platinum 
remains  unaltered.  By  a  pressure  of  6.5  atmospheres,  at  50°, 
it  is  condensed  into  a  transparent  colourless  liquid,  of  which  the 
sp.  gr.  is  0.731  at  60°.  Ammoniacal  gas  is  inflammable  in  air 
in  a  low  degree,  burning  in  contact  with  the  flame  of  a  taper. 
A  small  jet  of  this  cas  will  also  bum  in  oxygen.  A  mixture 
of  ammoniacal  gas  with  an  equal  volume  of  nitrous  oxide  may  be 
detonated  by  the  electric  spark,  and  afibrds  water  and  nitrogen. 
Water  is  capable  of  dissolving  about  500  times  its  volume  of 
ammoniacal  gas  in  the  cold,  and  the  solution  is  always  specifi- 
cally lighter,  and  has  a  lower  boiling  point  than  pure  water. 
According  to  the  observations  of  I&vy,  solutions  of  sp.  gt, 
0.872,  0.9054,  and  0.9682|  oontain  leBpectively  32.5,  25.87, 
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and  9.5  per  cent  of  ammonia.  Mr.  GrifEn,  who  liaa  constructed  a  table,  tl 
densitiea  of  solutions  of  ammonia  from  experiment,  finda  tluit  no  sensible  coui 
tion  of  Tolnmc  occurs  in  these  mixtures,  and  tlint  tlicir  densities  are  the  dm 
those  of  water  1  and  anhydrous  liquid  nmmonia,  supposing  the  latter  t 
0.7083  at  &1°  (Mem.  Chcm.  Soc.  iii.  189).  Ammoniacal  gaa  b  also  largely  H 
in  alcohol. 

Solution  of  amfnonia  has  an  acrid  alkaline  taste,  and  produces  blisten  tt 
tongue  and  skin.  When  cooled  slowly  to  — 40°,  it  crystallises  in  long  needki 
silky  lustre.  The  solution  has  a  temporary  action  upon  turmeric  paper,  wU 
causes  to  be  brown  while  humid ;  it  also  restores  the  blue  colour  of  litmus  nU 
by  an  acid,  changes  the  blue  colour  of  the  infusion  of  red  cabbage  into  greea 
ucDtraliECS  the  strongest  acids,  properties  which  it  possesses  in  common  will 
fixed  alkalies.  It  is  distinguished  as  the  volatile  alkali.  When  ammonia  m 
it  may  always  bo  discovered,  by  its  odour,  by  forming  dense  white  fumes  vitli^ 
chloric  acid,  and  by  producing  a  deep  blue  solnlion  with  salts  of  copper. 

Ammonia,  in  solution,  is  decomposed  by  chlorine,  with  the  evolution  of  nlH 
gas  and  formation  of  hydrochloratc  of  ammonia :  when  ammonia  and  chlorin^ 
in  the  slate  of  gas,  arc  mixed  together,  the  action  that  ensues  is  attended  with  I 
I>ry  iodine  absorbs  ammoniacal  gas,  and  forms  a  brown  viscous  liquid,  which  1 
decomposes,  dissolving  out  hydriodato  of  ammonia,  and  leaving  a  black  pol 
which  is  the  explosive  iodide  of  nitrogen. 

Ammonia  forms  several  classes  of  compounds  with  acids  and  salts  (pagsl 
and  exhibits  highly  curious  reactions  with  many  other  substances,  which  it 
admit  of  being  discussed  so  early,  but  which  I  shall  return  to  later  in  tb«  1 
[See  Svppkment,  p.  766.] 

SECTION  IV. 


Eq.  6  or  75;  C;  deimty  of  vapour  {hyp<^heticat)  416  I— I 

Carbon  is  found  in  great  abundance  in  the  mineral  kingdom  nnited  widk 
substances,  as  in  cool,  of  which  it  is  the  basis,  and  in  the  add  (rf  cubonatMt 
tlso  the  moat  connderable  element  of  the  solid  parts  of  both  animals  and  Tegtfe 
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It  exists  in  nature,  or  may  be  obtained  by  art,  under  a  variety  of  appearances,  and 
possessed  of  very  different  physical  properties.  Carbon  is  a  dimorphous  body, 
occurring  crystallized  in  the  diamond  and  graphite  in  wholly  different  forms,  and 
when  artificially  produced  forming  several  amorphous  varieties  of  charcoal  which  aro 
very  unlike  each  pther.     [Sec  SnppJcmeut,  p.  769.] 

Diamond. — This  valuable  gem  is  found  throughout  the  range  of  the  Ghauts  in 
India,  but  chiefly  at  Golconda,  in  Borneo,  and  also  in  Brazil.  It  is  always  associated 
with  thiusported  materials,  such  as  rolled  gravel,  or  found  in  a  sort  of  breccia  or 
pudding-stone,  composed  of  fragments  of  ja.sper,  quartz,  and  calcedony,  so  that  it  is 
still  a  question  whether  the  diamond  is  of  mineral  or  vegetable  origin.  On  removing  "^ 
the  crufrt  with  which  the  crystals  are  covered,  they  are  exceedingly  brilliant,  refract 
light  powerfully,  and  are  generally  perfectly  transparent,  although  diamonds  arc 
sometimes  black,  blue,  and  of  a  beautiful  rose-colour.  The  j^rimitivc  form  of  diamond 
is  the  regular  octohedron,  or  two  four-sided  pyramids,  of  which  the  faces  are  equi- 
lateral triangles,  applied  base  to  base  (tig.  55,  page  143).  It  is  more  frequently 
found  in  the  pyramidal  octohedron, — a  figure  bounded  by  24  sides,  which  presents  ' 
the  general  a.sjK}ct  of  a  regular  octohedron,  on  every  facet  of  which  has  been  placed 
a  li»w  pyramid  of  three  facets;  or,  each  facet  of  the  octohedron  is  replaced  by  G 
secondary  triangles,  and  the  crystal  becomes  almost  spherical,  and  presents  48  facets. 
These  facets  often  appear  curved  from  the  effect  of  attrition.  ,  The  diamond  can 
always  be  cleaved  in  the  direction  of  the  faces  of  the  octohedron,  which  possess  that 
particular  brilliancy  characteristic  of  the  diamond.  It  is  the  hardest  of  the  gems. 
An  edge  of  its  crystal  formed  by  flat  planes  only  scratches  glass,  but  if  the  edge  is 
formed  of  curved  faces,  like  the  edge  of  a  convex  lens,  it  then,  besides  abrading  the 
Eur^Lce,  produces  a  fissure  to  a  small  depth,  and  in  the  form  of  the  glazier's  diamond 
is  used  to  cut  glass.  The  weight  of  diamonds  is  generally  estimated  by  the  carat, 
which  is  about  3.2  grains.  The  diamond  is  remarkably  indestructible,  and  may  bo 
heated  to  whiteness  in  a  covered  crucible  without  injury,  but  it  begins  to  burn  in 
the  open  air,  at  about  the  melting  point  of  silver,  charcoal  sometimes  appearing  on 
its  surface,  and  is  entirely  converted  into  carbonic  acid  gas.  When  heated  to  the 
highest  degree  between  the  charcoal  points  of  a  strong  voltaic  battery,  the  diamond 
swells  up  considerably,  and  divides  into  portions.  After  cooling,  it  is  found  entirely 
altered  in  appearance,  having  become  of  a  metallic  gray,  friable,  and  resembling  in 
every  re.-ijwct  the  coke  from  bituminous  coal.  This  experiment  appears  to  show  that 
a  high  temperature  is  unfavourable  to  the  existence  of  diamonds,  and  that  they  can- 
not therefore  be  originally  formed  at  a  very  elevated  temperature.  The  diamond  is 
quickly  consumed  in  fused  nitre,  when  the  carbonic  acid  is  retained  by  the  potash ; 
this  is  a  simple  mode  of  analyzing  the  diamond,  by  which  it  has  been  proved  to  be 
pure  carbon.  The  diamond  is  a  non-conductor  of  electricity.  Its  dens^ity  varies 
from  3.5  to  3.55. 

Graphite. — This 'mineral,  which  is  also  known  as  Black  Lead  and  Plumbago, 
occurs  in  rounded  masses  deiio.sited  in  beds  in  the  primitive  formations,  particularly 
in  ^nite,  mica-schist,  and  primitive  limestone.  Borrowdale  in  Cumberland  is  a 
celcirated  locality  of  graphite,  and  affords  the  only  specimens  which  are  sufficiently 
hard  for  making  pencils.  It  is  occiisionally  found  crystallized  in  plates  which  are 
six-sided  tables.  Graphite  may  also  be  produced  artificially,  by  patting  an  excess 
of  charcoal  in  contact  with  fused  cast  iron,  when  a  portion  of  the  carbon  dissolves, 
and  separates  again  on  cooling,  in  the  form  of  large  and  beautiful  leaflets.  In  the 
condition  of  graphite,  carbon  is  perfectly  opaque,  soft  to  the  touch,  possessed  of  the 
metallic  lustre,  and  of  a  specific  gravity  from  1.9  to  2.3.  It  always  contains  iron 
and  manganese,  apparently  in  the  state  of  oxides,  and  in  combination  with  silicic  and 
titanic  acids,  sometimes  to  the  extent  of  28  per  cent.,  but  in  some  specimens,  as  in 
thfisc  from  Barrcros  in  Brazil,  not  more  than  a  trace  of  those  metals  is  found,  which 
M  to  be  considered  an  accidental  constituent,  and  not  essential  to  the  mineral. 
Neither  in  the  form  of  diamond  nor  graphite  does  carbon  exhibit  any  indication  of 
fusion  or  volatility  under  the  most  intense  heat    Jlniliracite  is  often  nearly  pure 
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carbon,  bnt  always  contains  a  portion  of  hydrogen,  and  is  related  to  bitominoiu  < 
and  not  to  graphite.     [^See  Sitpp^^^fnentj  p.  7/0.] 

Charcoal, — Owine  to  its  infusibility  carbon  presents  itself  under  aTariel| 
aspect^  according  to  the  structure  of  the  substance  from  which  it  is  derived,  and 
accidental  circumstances  of  its  preparation.  The  following  are  the  principal  varie 
gas  carbon,  lamp-black,  wood  charcoal,  coke,  and  ivory  black. 

1.  Gas  carbon  has  the  metallic  lustre,  and  a  density  of  1.76;  it  is  com] 
generally  of  a  mammillated  structure,  but  sometimes  in  fine  fibres,  and  considei 
resembles  graphite,  but  is  too  hard  to  give  a  streak  upon  paper.  It  is  the  pro 
of  a  slow  deposition  of  carbon  from  coal  gas  at  a  high  temperature,  and  is  freqai 
found  to  line  the  gas  retorts  to  a  considerable  thickness,  and  to  fill  up  aocid 
fissures  in  them  (Dr.  Colquhoun,  Ann.  of  Philos.,  New  Ser.,  vol.  xii.  p.  1). 

2.  Lamp-black  is  the  soot  of  imperfectly  burned  combustibles,  such  as  tar  or  i 
Carbon  is  deposited  in  a  powder  of  the  same  nature,  and  of  the  purest  form,  i 
alcohol  vapour  or  a  volatile  oil  is  transmitted  through  a  porcelain  tube  at  a  red  I 
and  the  lustrous  charcoal,  which  is  obtained  on  calcining,  in  close  vessels,  st 
sugar,  and  many  other  organic  substances,  which  fuse  and  afford  a  bright  vesi 
carbon  of  a  meUdlic  lustre,  is  possessed  of  the  same  characters.  The  charcoal  c 
latter  sources,  however,  always  retains  traces  of  oxygen  and  hydrogen.  Lamp-] 
is  deficient  in  an  attraction  for  organic  matters  in  solution,  which  ordinary  cha 
possesses. 

3.  Wood  charcoal.  "Wood  was  found  by  Karsten  to  lose  57  per  cent,  i 
weight  when  thoroughly  dried  at  212°,  and  10  per  cent,  more  at  304^*. 
remaining  33  parts  of  baked  wood  afforded,  when  calcined,  25  of  charcoal, ' 
100  parts  of  the  same  wood  calcined,  without  being  previously  dried,  left  on 
per  cent,  of  carbon.  It  is  the  absence  of  this  large  quantity  of  water  which  c 
the  heat  of  burning  charcoal  to  bo  so  much  more  intense  than  that  of  wood.  1 
calcined  at  a  high  temperature,  charcoal  becomes  dense,  hard,  and  less  inflamn 
The  knots  in  wood  sometimes  afford  a  charcoal  which  is  particularly  hard,  a 
used  in  polishing  metals,  but  it  contains  silica.  From  the  minuteness  of  its  ] 
the  charcoal  of  wood  absorbs  many  times  its  volume  of  the  more  liquefiable  g 
such  as  ammoniacal  gas,  hydrochloric  acid,  hydrosulphurio  acid,  and  carbonic 
condensing  90  times  its  volume  of  the  first,  and  35  of  the  last :  of  oxygen,  it 
denses  9.25  volumes;  of  nitrogen,  7.5  volumes;  and  of  hydrogen,  1.75  volume 
also  absorbs  moisture  with  avidity  from  the  atmosphere,  and  other  condcnsible  vaj 
such  as  odoriferous  effluvia.  From  this  last  property  freshly  calcined  charcoal, 
wrapt  up  in  clothes  which  have  contracted  a  disagreeable  odour,  destroys  it,  and 
considerable  effect  in  retarding  the  putrefaction  of  organic  matter  with  which 
placed  in  contact.  Water  is  luso  found  to  remain  sweet,  and  wine  to  be  improi 
quality,  if  kept  in  casks  of  which  the  inside  has  been  charred.  In  the  state  of  a  i 
powder,  wood  charcoal  is  particularly  applicable  as  a  filter  for  spirits,  which 
prives  of  the  essential  oil  which  they  contain.  It  is  much  less  destructible  by  a 
pheric  agencies  than  wood,  and  hence  the  points  of  stakes  arc  often  charred,  1 
being  driven  into  the  ground,  in  order  to  preserve  them.  Charcoal  decompose 
vapour  of  water  at  a  red  heat,  giving  rise  to  a  gaseous  mixture,  which  was  fou: 
Bunsen  to  consist,  in  100  volumes,  of  hydrogen  56,  carbonic  oxide  29,  cai 
acid  14.8,  and  light  carburcttcd  hydrogen  0.2  volume. 

4.  The  coke  of  those  species  of  coal  which  do  not  fuse  when  heated  is  a  rei 
ably  dense  charcoal,  considerably  resembling  that  of  wood,  and  of  great  value  ai 
from  the  high  temperature  which  can  be  produced  by  its  combustion.  '^ 
burned  it  generally  leaves  2  or  3  per  cent  of  earthy  ashes,  while  the  ashes 
wood  charcoal  seldom  exceed  1  per  cent.  The  density  of  pulverised  coke 
from  l.G  to  2.0.  Coke  and  wood  charcoal,  after  being  strongly  heated,  are 
conductors  of  electricity. 

5.  Ivory  black.  Bono  black,  and  Animal  charcoal,  are  names  applied  to 
calcined  or  converted  into  charcoal  in  a  close  vessel.    The  charcoal  thus  proi 
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is  mixed  with  not  less  than  10  times  its  weight  of  phosphate  of  lime,  and  being  in 
a  state  of  extreme  division,  exposes  a  great  deal  of  surface.  It  possesses  a  remark- 
able attraction  for  organic  colouring  matters,  and  is  extensively  used  in  withdrawing 
the  colouring  matter  from  syrup  in  the  refining  of  sugar,  from  the  solution  of  tartaric 
acid,  and  in  the  purification  of  many  other  organic  liquids.  The  usual  practice, 
which  was  intn^uced  by  Dumont,  is  to  filter  the  liquid  hot  through  a  bed  of  this 
charcoal  in  grains  of  the  size  of  those  of  gunpowder,  and  of  two  or  three  feet  in 
thickness.  It  is  found  that  the  discolouring  power  is  greatly  reduced  by  dis.solving 
out  the  phosphate  of  lime  from  ivory  black  by  an  acid,  although  this  must  be  done 
in  certain  applications  of  it,  as  when  it  is  used  to  discolour  the  vegetable  acids.  A 
charcoal  possessed  of  the  same  valuable  property  even  in  a  higher  degree  for  its 
weight,  is  produced  by  calcining  dried  blood,  horns,  hoofs,  clippings  of  hides,  in 
contact  with  carbonate  of  potash,  and  washing  the  calcined  mass  afterwards  with 
water.  Even  vegetable  matters  aflford  a  charcoal  possessed  of  considerable  discolour- 
ing power,  if  mixed  with  chalk,  calcined  flint,  or  any  other  earthy  powder,  before 
being  carbonized.  One  hundred  parts  of  pipe  clay  made  into  a  thin  paste  with 
water,  and  well  mixed  with  20  parts  of  tar  and  500  of  coal  finely  pulverized,  have 
been  found  to  afford,  after  the  mass  was  dried  and  ignited  out  of  contact  with  air,  a 
charcoal  which  was  little  inferior  to  bone  black  in  quality.  When  charcoal  which 
has  been  once  used  in  such  a  filter  is  calcined  again,  it  is  found  to  have  lost  much 
of  its  discolouring  power.  This  is  owing  to  the  deposition  upon  its  surface  of  a 
lustrous  charcoal,  of  the  lamp-black  variety,  produced  by  the  decomposition  of  the 
organic  colouring  matters,  which  has  little  or  no  discolouring  power.  But  if  tho 
charcoal  of  the  sugar  filters  be  allowed  to  ferment,  the  foreign  matter  in  it  is 
destroyed ;  and  if  afterwards  well  washed  with  water  and  dried,  before  being  cal- 
cined, it  will  be  found  to  recover  a  considerable  portion  of  its  original  power. 

Bussy  has  constructed,  from  observation,  the  following  table  of  the  efficiency  of 
the  different  charcoals.  (Joum.  de  Phann.  t.  viii.  p.  257).  These  substances  are 
compared  with  ivory  black,  as  being  the  most  feeble  species,  although  this  is  superior 
by  several  degrees  to  the  best  wood  charcoal.  Tlie  relative  efficiency,  it  will  be  ob- 
served, is  not  the  same  for  two  different  kinds  of  colouring  matter : — 


Specios  of  charcoal 
samo  weight 


Blood  charred  with  carbonate  of  potass.*! 

Blood  charred  with  chalk 

Blood  charred  with  phosphate  of  lime  

Glue  charred  with  carbonate  of  potassa 

White  of  egg  charred  with  the  aamc 

Gluten  charred  with  the  same 

Charcoal  from  acetate  of  potassa 

Charcoal  from  acetate  of  fsoda 

Lamp-black,  not  calcined  

Lamp-black  calcined  with  carbonate  of  potassa 

Bone  charcoal,  after  the  extraction  of  tlie  earth  of 

bones  by  an  acid,  and  calcination  with  potassa 

Bone  charcoal  treated  with  an  acid  

Oil  charred  with  the  phosphate  of  lime 

Bone  charcoal,  in  its  ordinary  state 


Relative  decolou- 

Relative De- 

ration of  sulphate 

colouration  of 

of  indigo. 

Syrup. 

GO 

20 

18 

11 

12 

10 

86 

15.5 

84 

15.5 

10.6 

8.8 

6.6 

4.4 

12 

8.8 

4 

8.3 

15.2 

10.6 

45 

20 

1.87 

1.6 

2 

1.9 

1 

1 

This  remarkable  action  of  charcoal  in  withdrawing  matters  from  solution  is  cer- 
t^nly  an  attraction  of  surface,  but  it  is  capable,  notwithstanding,  of  overcoming 
chemical  affinities  of  some  intensity.  The  matters  remain  attached  to  the  surface 
of  the  charcoal,  without  being  decomposed  or  altered  in  nature.  For  if  the  blue 
gtdphate  of  indigo  bo  neutralized  and  then  filtered  through  charcoal,  the  whole 
oolouring  matter  is  retained  by  the  latter^  and  the  filtered  liquid  is  colourless.    But 
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a  solution  of  caustic  alkali  will  divest  the  charcoal  of  the  blue  colouring  mall 
carry  it  away  in  solution.  The  salts  of  quinine,  morphine,  and  other  organ 
and  bitter  principles,  arc  carried  down  by  animal  charcoal  used  in  excess  (1 
ton,  Mem.  Chcm.  Soc.  iii.  326).  Hence  this  substance  is  a  very  general  i 
to  vegetable  poisons,  as  was  proved  by  Dr.  Garrod.  Other  substances  also  are 
down  by  animal  charcoal,  besides  organic  matters.  Lime  from  lime  water 
from  solution  in  iodide  of  potassium,  hydrosulphuric  acid  from  solution  ii 
soluble  subsalts  of  lead,  and  metallic  oxides  dissolved  in  ammonia  or  caustic  ] 
but  it  has  little  or  no  action  upon  most  neutral  salt^.  The  charcoal  is  apt  wi 
to  react  upon  the  substance  it  carries  down,  probably  from  their  closeness  of ' 
reducing  the  oxides  of  silver,  lead,  and  copper,  for  instance,  to  the  metallic 
a  short  time.  Animal  charcoal  soon  disappears  when  heated  in  chlorine  wa 
is  converted  into  carbonic  acid;  and  the  affinities  of  carbon  generally  are  mca 
in  this  than  in  its  other  forms.     {^See  Supplement^  p.  769.J 

Carbon  is  chemically  the  same  under  all  these  forms.  This  element  ca 
crystallized  artificially  by  the  usual  methods  of  fusion,  solution  or  sublimatio 
except  its  solution,  in  cast  iron,  which  gives  it  in  the  form  of  graphite  am 
the  diamond.  It  is  chemically  indifferent  to  most  bodies  at  a  low  temporafa 
combines  directly  with  some  metals  by  fusion,  and  forms  compounds  named  cfl 
or  carbides:  in  these  compounds,  however,  the  metal  is  most  probably  the  i 
constituent.  When  heated  to  low  redness  it  bums  readily  in  air  or  oxygen, 
a  gaseous  compound  carbonic  acid,  which,  when  cool,  has  sensibly  the  same 
as  the  original  oxygen.  With  half  the  proportion  of  oxygen  in  carbonic  acidj 
forms  a  protoxide,  carbonic  oxide  gas.  The  last  gas  being  supposed  similar  t 
or  to  nitrous  oxide  in  its  constitution,  will  be  composed  of  2  volumes  of  en 
pour  and  1  volume  of  oxygen  gas  condensed  into  2  volumes,  an  assumptio 
which  the  density  of  carbon  vapour,  which  there  are  no  means  of  deter  mix 
perimentally,  is  usually  calculated,  and  made  about  420 ;  the  combining  mei 
this  vapour  containing  2  volumes  (page  129).  The  density  deduced  from  ti 
valent  of  carbon  is  more  nearly  416.*  That  the  equivalent  of  carbon  is  ex 
as  originally  maintained  by  Dr.  Prout,  has  been  established  beyond  doubl 
Dumas,  by  the  combustion  of  the  diamond  in  a  stream  of  oxygen  gas.  Pure 
then  unites  with  oxygen  in  the  proportion  of  3  to  8  exactly,  or  6  to  16, 
carbonic  acid  (p.  272). 

Uses,  —  Several  valuable  applications  of  this  substance  have  already  bei 
dentally  described.  Carbon  may  be  said  to  surpass  all  other  bodies  whatcTi 
affinity  for  oxygen  at  a  high  temperature ;  and  being  infusible,  easily  got  ri 
combustion,  and  forming  compounds  with  oxygen  which  escape  as  gas,  this 
more  suitable  than  any  other  substance  to  effect  the  reduction  of  metallic 
that  is,  to  deprive  them  of  their  oxygen,  and  to  produce  from  them  the  me) 
the  properties  which  characterize  it. 

CARBONIC  ACID. 

Eq,  22  or  275;  CO^;  density  1529.0; 


This  gas  was  first  discovered  to  exist  in  lime-stone  and  the  mild  alkalies 
be  expelled  from  the  first  by  heat,  and  from  both  by  the  action  of  acids, 
Black,  and  was  named  by  him  Fixed  Air.  lie  also  remarked  that  the  sam 
formed  in  respiration,  fermentation,  and  combustion ;  it  was  afterwards  pi 
contain  carbon  by  Lavoisier. 

*  The  number  for  carbon  vapour  deduced  from  the  density  of  oxygen  gas,  thai 
sixteenths  of  that  density,  is  414. Gl  (page  180);  \rhile  six-fourteenths  of  the  df 
nitrogen  is  416.304,  and  six  times  the  density  of  hydrogen,  415.50.  The  densitj  < 
gen  is  probably  the  least  objectionable,  and  the  number  deduced  from  it  for  corb 
therefore  the  safest 


CABBONIC   ACID. 
Fio.  121. 


Preparatum. — Corboaic  acid  is  rcadilj  procured  by  pouring  hydrocblorio  acid  of 
sp.  gr.  1.1,  upon  fragmcDts  of  marble  contained  in  a  gas-bottle  (fig.  121),  or  bj  the 
action  of  diluted  sulphuric  acid  upon  chalk.  A  gas  cornea  off  with  effcrvcacence, 
which  may  be  collected  at  the  water  trough,  hut  cannot  bo  rcljuned  long  over  water 
without  considerable  loss,  owing  to  its  aoluhility. 

From  the  great  weight  of  carhonio  acid  a  bottle  may  be  filled  with  this  gas  by 
diiplacing  air.  The  gaa  being  evolved  in  the  gafl-bottlo  A  (fig.  122),  is  first  con- 
veyed into  a  wash-bottle  B,  contiuning  vater,  to  condense  any  hydrochloric  add 
TapooT  with  which  the  gas  may  be  accompanied ;  then  passing  through  a  U-shaped 
drying  tobe  C,  containing  fragments  of  chloride  of  calcium,  to  absorb  oqaeoua  va- 
pour, and  then  conveyed  to  the  lower  part  of  the  bottle  D.  When  generated  ia  the 
close  apparatus  of  Thilorier  for  the  purpose  of  liquefyiog  it  (page  77),  this  ^  ia 
erolred  from  bicarbonate  of  soda  and  sulphuric  acid. 

Fra.  122. 


Pnptrties. — This  gas  extinguiBbcB  flame,  docs  not  support  animal  life,  and  ren- 
ders lime  water  tnrbid.  Its  density  is  considerable,  being  1529  (Kegnault),  or  a 
balf  more  than  that  of  air,  the  gas  containing  *2  volumes  of  the  hypothetical  carbon 
nipoQr  and  2  Tolamea  of  oxygen,  condensed  into  2  volumes,  which  form  the  com- 
Uning  measure.  Cold  water  dissolves  rather  more  than  an  eqcal  volume  of  this 
g^ ;  the  Bolatiou  has  an  Kreeablo  acidulous  taste,  and  sparkles  when  poured  trom 
me  TeMcl  into  aootho:.    u  communicates  a  wine-nd  tint  to  litmus  paper,  whick 
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disappears  again  when  the  paper  dries ;  when  poured  into  lime  water,  it  q 
down  a  white  flaky  precipitate  of  carbonate  of  lime  or  chalk,  which  it  t 
rcdissolves  if  the  solution  of  the  gas  be  added  in  excess.  The  quantity  € 
which  water  takes  up  is  found  to  be  sensibly  proportional  to  the  prcssoi 
large  volume  of  the  gas  is  forced  into  soda,  magnesia,  and  other  aSimtc 
much  of  which  escapes  on  removing  the  pressure  from  these  liquids. 

Liquefied  by  pressure,  carbonic  acid  has  an  elastic  force  of  38*5  atmo 
82°  (Faraday).  The  specific  gravity  of  liquid  carbonic  acid,  at  the  sanM 
ture,  is  0*83 :  it  dilates  remarkably  from  heat,  its  expansion  being  four  tin 
than  that  of  air,  20  volumes  of  the  liquid  at  32°  becoming  29  at  86°,  an 
sity  varying  from  0.9  to  0.(3  as  its  temperature  rises  from  —4°  to  80°.  ( 
Annal.  de  Chim.  et  de  Phys.  Ix.  p.  427).  It  is  a  colourless  liquid,  whick 
all  proportions  with  ether,  alcohol,  naphtha,  oil  of  turpentine,  and  bisii 
carbon,  but  is  insoluble  in  water  and  fat  oils.  At  temperatures  below  - 
solid  (page  80). 

Potassium  heated  in  a  small  glass  bulb  blown  ttpon  a  tube,  through  whk 
carbonic  acid  is  transmitted,  uudcrgoes  oxidation,  and  liberates  carbon,  the 
of  which  in  the  gas  may  thus  be  shown ;  or,  for  this  experiment,  a  cleanse 
Florence  oil-flask  may  be  filled,  by  displacement,  with  the  dried  gas  (fiff. 
a  pellet  of  potassium  being  introduced,  combustion  may  be  determined^ 
the  flame  of  an  Argand  spirit-lamp  for  a  few  seconds  to  the  bottom  of 
But  burning  phosphorus,  sulphur,  and  other  combustibles,  are  immcdial 
guished  by  carbonic  acid,  and  the  combustion  does  not  cease  from  the  i 
oxygen  only,  but  from  a  positive  influence  in  checking  combustion  whio 
exerts,  for  a  lighted  candle  is  extinguished  in  air  containing  no  more  than  < 
of  its  volume  of  carbonic  acid.  It  is  generally  believed  that  any  mixture  o 
acid  and«  air  will  support  the  respiration  of  man,  which  will  maintain  the  \ 
candle,  and  therefore  a  lighted  candle  is  often  let  down  into  wells  or  pits 
to  contain  this  gas,  to  ascertain  whether  they  are  safe  or  not.  But  altho 
which  a  candle  can  bum  may  not  occasion  immediate  insensibility,  still  the 
respiration  for  several  hours  of  air  containing  not  more  than  I  or  2  per  oe 
bonic  acid,  has  been  found  to  produce  alarming  efiects  (Broughton).  The 
from  burning  a  pan  of  charcoal  in  close  rooms  are  occasioned  by  this  gai 
as  a  narcotic  poison  upon  the  system.  A  small  animal  thrown  into  o 
&om  the  respiration  of  this  gas,  may  be  recovered  by  sudden  immersio 
water. 

Carbonic  acid  is  thrown  off  from  the  lungs  in  respiration,  as  may  be ; 
directing  a  few  expirations  through  lime-water.  The  air  of  an  ordinary  > 
contains,  on  an  average,  as  observed  by  Dr.  Prout,  3-45  per  cent,  of  its^ 
this  gas,  and  the  proportion  varies  from  3.3  to  4.1  per  cent., — ^being  greatei 
and  least  during  the  night.  Carbonic  acid  is  also  a  product  of  the  vinous 
tion,  and  is  the  cause  of  the  agreeable  pungency  of  beer,  ale,  and  other  ; 
liquors,  which  become  stale  when  exposed  to  the  air  from  the  loss  of  thi 
also  exists  in  all  kinds  of  well  and  spring  water,  and  contributes  to  theii 
flavour,  for  water  which  has  been  deprived  of  its  gases  by  boiling  is  insipi 
agreeable.  Carbonic  acid  is  also  largely  produced  by  the  combustion  of  cai 
fuel,  and  appears  to  exist  in  considerable  quantity  in  the  earth,  being  disc 
active  volcanoes,  and  from  fissures  in  their  neighbourhood,  long  after  the 
are  extinct.  The  Grotto  del  Cane  in  Italy  owes  its  mysterious  properti 
gas,  and  many  mineral  springs,  such  as  those  of  Tunbridge,  Pyrmont,  and 
are  highly  charged  with  it.  It  comes  thus  to  be  always  present  in  the  a 
in  a  sensible,  although  by  no  means  considerable  proportion  (page  251). 

Composition  of  carbonic  acid. — The  composition  of  this  substancei  i 
that  of  water,  is  one  of  the  fundamental  data  of  chemical  analysis,  is  d 
with  extreme  exactness  in  the  following  manner : — A  known  weight  of  a 
form  of  carbon^  such  as  the  diamond,  is  placed  in  a  little  trough  or  oradli 


COMPOSITION  OF  CARBONIC  ACID. 


273 


DTim,  which  is  iatroduccd  into  a  porcelain  tube  a  b  (fig.123),  placed  across  a  furnace. 
To  effect  the  combustion  of  the  carbon,  the  end  a  of  thia  tube  is  made  to  communi- 
Cftto  by  means  of  a  glass  tube  vrith  an  apparatus  supplying  a  stream  of  oxygen  gas, 
perfectly  dried  by  pa<«ing  through  the  U  tube  E,  which  contains  fragments  of  pumioa 
impregnated  with  concentrated  sulphuric  acid.  The  second  and  fourth  U  tubes,  a 
and  T>,  arc  charged  in  the  same  manner.  The  bulb  apparatus  b  contains  a  concen- 
trated solution  of  caustic  potassa,  and  tho  pumice  in  the  adjoining  U  tube  c  is  im- 
pregnated with  the  same  fluid.  These  tubes,  b  and  c,  containing  the  alkali,  with 
the  tube  following  them,  d,  are  accurately  weighed  together  in  a  good  balance. 

Fio.  123. 


The  different  parts  being  connected  by  short  tubes  of  caoulchoac,  as  represented 
In  the  figure,  the  apparatus  is  then  filled  with  oxygen  gas,  which  ought  to  be  slowly 
disengaged.  The  tube  a  h,  which  contains  the  carbon,  is  healed  to  redness,  and  the 
latter  soon  enters  into  combustion,  and  is  changed  into  carbonic  acid.  The  gases 
pass  through  the  scries  of  tubes,  A,  B,  c,  I).  In  A,  any  trace  of  moisture  is  absorbed 
by  the  sulphuric  aeid,  which  may  escape  from  iIjc  inner  surface  of  the  tube  a  b  when 
heated,  and  in  b  and  c  the  carbonic  acid  produced  is  absorbed  by  the  caustic  alkalL 
The  exceffl  of  oxygen,  which  pas^^s  on  uncondensed,'  takes  up  a  little  aqueous  va- 
pour in  B  and  c,  which  tends  to  diminish  the  weight  of  the  potassa  apparatus ;  for, 
although  the  tension  of  the  vapour  of  the  alkaline  solution  is  small,  the  latter  cannot 
be  used  so  concentrated  as  to  make  tho  tcn.iion  insensible.  The  lost  U  tube  I)  re- 
medies this  inconvenience  by  drying  tho  gases  perfectly  again  before  they  escape 
into  the  atmosphere. 

Id  such  a  eonibustioo  tho  formation  of  a  little  carbonic  osido  gas  is  to  be  appre- 
hended. This  is  provided  against  by  filling  the  part  of  the  tube  a  b,  next  b,  with 
ray  porous  oxide  of  copper,  which  is  heated  to  redness  during  the  experiment.  In 
pasdng  through  this  oxide,  any  small  quantity  of  carbonic  oxide  which  may  exist  is 
necessarily  converted  into  carbonic  ocid.  Tho  oxide  of  copper  is  separated  by  a  pad 
of  asbestos  from  that  part  of  the  tube  containing  tlie  little  cradle  with  the  carbon. 
The  cToIuiion  of  the  oxygen  is  also  contjnned  for  some  time  after  the  combustion 
of  the  carbon  is  complete,  in  order  to  sweep  the  tubes  by  means  of  that  gas,  and 
CUTT  forward  the  whole  carbonic  acid  formed  into  the  potassa  bulbs  where  it  is  ab- 
Hcbed. 

On  disconnecting  the  apparatus  afterwards,  and  examining  the  cradle  in  which 
the  carbon  was  placed,  to  ascertain  whether  iia  combostioa  is  complete,  a  little  in- 
combustible earUiy  matter,  not  exceeding  a  few  hundredths  of  a  grain,  will  generally 
be  found  remainiog,  which  hod  existed  mechanically  diffused  through  tho  carbon. 
Tbc  weight  of  Ae  cradle  and  rcadue,  deducted  from  the  original  weight  of  tho 
cndle  and  carbco,  gives  obviously  the  exact  weight  of  the  carbon  consumed ;  whila 
the  original  weizht  of  the  system  of  tubes  b,  o,  and  b,  deducted  from  their  final 
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weight,  gives  the  exact  weight  of  carbonic  acid  formed.     (Gours  El^moild 
Chimie,  par  M.  V.  Regnault). 

It  is  found  in  this  way  that  6  parts  of  carbon  produce  exactly  22  parts  of  o^ 
acid;  or  carbonic  acid  contains — 

1  eq.  carbon  6 27.27  .. 

2  eq.  oxygen  16 72.78 

22  I0O.OO 

Carbonates. — Carbonic  acid  combines  with  bases,  and  forms  the  class  d 
bonatcs.  The  hydrate  of  this  acid  seems  incapable  of  existing  in  an  uncoml 
state,  but  it  exists  in  the  alkaline  bicarbonatcs,  which  arc  double  carbonates  of  ^ 
and  the  alkali.  If  this  hydrate  were  formed,  we  may  presume  that  it  wool 
analogous  to  the  crystallized  carbonate  of  magnesia,  of  which  the  formv 
MgO,C02  4-HO-f  2H0,  and  also  the  same  with  another  2H0;  the  salt  of  ma« 
of  most  acids  resembling  the  salt  of  water.  Carbonate  of  lime,  in  the  hyd 
condition,  has  a  similar  formula.  Carbonates  of  potassa,  soda,  and  ammonia,  1 
a  strong  alkaline  reaction,  owing  to  the  weakness  of  this  acid,  and  the  carbo 
generally  are  decomposed  with  effervescence  by  all  other  acids,  except  the  h 
cyanic. 

Uses, — Carbonic  acid  is  used  in  the  preparation  of  aerated  waters.  The  s 
vessels  in  which  the  impregnation  is  effected,  should  be  of  copper,  well  tinned 
not  of  iron,  as  with  the  concurrence  of  water  carbonic  acid  acts  strongly  upoa 
metal.  It  is  sometimes  desirable  to  remove  carbonic  acid  from  air  or  other  g^ 
mixtures,  and  this  is  generally  done  by  means  of  caustic  alkali  or  lime-water.  1 
very  dry,  or  so  humid  as  to  be  actually  wet,  the  hydrate  of  lime  absorbs  tbi 
with  much  less  avidity  than  when  of  a  certain  degree  of  dryness,  in  which  it  i 
BO  dry  as  to  be  dusty,  but  at  the  same  time  not  sensibly  damp.  The  dry  hj 
may  be  brought  at  once  to  this  condition,  by  mixing  it  intimately  with  an  • 
weight  of  crystallized  sulphate  of  soda  in  fine  powder  ]  and  this  mixture,  in  a  sb 
of  not  more  than  an  inch  in  thickness,  intercepts  carbonic  acid  most  completelj 
may  rise  in  temperature  to  above  200°,  from  the  rapid  absorption  of  the  gas. 
quite  possible  to  respire  through  a  cushion  of  that  thickness,  filled  with  the  mi 
and  such  an  article  might  be  found  useful  by  parties  entering  an  atmospheri 
charged  with  carbonic  acid,  liko  that  of  a  coal-mine  after  the  occurrcnco  of  1 
plosion  of  fire-damp. 

Carbonic  acid  is  the  highest  degree  of  oxidation  of  which  carbon  is  susoei 
but  another  oxide  of  carbon  exists  containing  less  oxygen.  [Sec  Supplement,  p. 

CARBONIC   OXIDE. 

Eq,  14  or  175;  CO;  density  9678; 


Priestley  is  the  discoverer  of  this  gas,  but  its  true  nature  was  first  pointed 
Cruikshanks,  and  about  the  same  time  by  Clement  and  Desormes. 

Preparation.  —  Carbonic  acid  is  readily  deprived  of  half  its  oxygen,  at  a  it 
by  a  variety  of  substances,  and  so  reduced  to  the  state  of  carbonic  oxide.     Tb 
gas  may  therefore  be  obtained  by  transmitting  carbonic  acid  over  red-hot  fn 
of  charcoal  contained  in  an  iron  or  porcelain  tube ;  or  by  calcining  chalk  mis 
14th  of  its  weight  of  charcoal  in  an  iron  retort.     It  is  likewise  prepared  bi 
heating  crystallized  oxalic  acid  with  five  or  six  times  its  weight  of  strong 
vitriol  in  a  glass  retort.     The  latter  process  affords  a  mixture  of  equal  vol 
carbonic  acid  and  carbonic  oxide,  "the  elements  of  oxalic  acid  being  <arl 
oxygen  in  the  proportion  to  form  these  gases,  and  thb  acid  being  incapable 
ing  except  in  combination  with  water  or  some  other  base.     Now  the  snlpht 
unites  with  the  water  of  the  crystallized  oxalic  acid,  and  the  latter  acid  being  » 
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instiuitlT  decomposed.  Tha  gaa  of  all  them  processes  contains  much  carboDic  acid, 
of  wbich  it  tnay  be  deprived  bj  noBhing  it  with  milk  of  lime,  or  a  strong  solution  ' 
(^potasGO. 

Another  process  suggested  b;  Mr.  Fonnes  affords  a  perfectly  pure  gas.  It  con- 
(dsts  in  beating  the  crystallised  fcrrocjanidc  of  potassium  in  a  glass  retort  or  flask  A 
(fig.  124),  vita  four  or  &\e  tiroes  its  weight  of  oil  of  vitri^.    The  gas  may  bo 


KBcd  tbrongb  a  wash-bottle  B,  contmning  a  little  water,  and  be  collected  in  the 
tie  C  orer  the  water'trough  in  the  usual  manner.  Ooe  equivalent  of  ferrocyacide 
of  potasnnm  and  9  equivalents  of  water  are  then  resolval  into  6  equivalents  of 
carbonic  oxide,  2  equivalents  of  potossa,  1  equivalent  of  protoxide  of  iron,  and  S 
equivalenta  of  ammonia :  — 

2K.FeC.N,+9HO=6CO+2KO+FeO+3E,N. 
Half  an  omice  of  the  salt  yiclils  300  cubic  inches  of  carbonic  osidc. 

Properties.* — This  gas,  as  has  already  been  stated,  is  presumed  to  confiun  2 
Tolnines  of  carbon  vapour,  and  1  volume  of  oxygen,  condensed  into  2  volumes,  so 
that  ita  cmnbining  measure  is  2  volumes :  its  density  is  QG7.79  (Wrede).  Carbonic 
oxide  is  14  times  heavier  than  hydrogen,  like  nitrogen,  and  coincides  remarkably  in 
its  imtfl  of  transpiration  (page  86)  and  other  physical  properties  with  the  latter  gas. 
It  is  very  &tal  to  animals,  and  when  inspired  in  a.  puro  state  almost  immediately 
produces  coma.  Carbonic  oxide  is  not  more  noluble  in  water  than  atmoepherio  air, 
lod  baa  never  been  liquefied.  It  is  easily  kindled,  and  bums  with  a  pale  blue  flame, 
IQce  that  of  sulphur,  combining  with  half  its  volume  of  oxygen,  and  forming  carbonio 
■od,  which  retains  the  original  volume  of  the  carbonio  oxide.  This  coniDaBtion  is 
tAen  witnessed  in  a  coke  or  charcoal  fire.  The  carbonic  acid,  produced  in  the  lower 
part  of  the  fire,  is  converted  into  carbonic  oxide,  as  it  passes  up  through  the  red-hot 
ombers,  and  afl«nrards  bums  above  them  with  a  blue  flame,  where  it  meets 
with  air. 

Carbonio  oxide  is  a  neutral  body,  like  water,  and  combines  directly  with  only  a 
Tei7  fow  snbstaacea.  It  unites  with  an  equal  volume  of  chlorine  under  the  influenco 
of  the  son's  rars,  and  forms  phoigme  gas  or  Chloroxicarbnnic  Gas.  As  the  gases 
wotnot  to  half  Aeir  volame  on  combining,  the  density  of  this  gas  is  the  sum  of 

•  [S*t  S*fpltmnt,  pp.  TTl,  7J2.] 
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carbonic  oxide  968,  and  chlorine  2440,  or  3408 ;  its  formula  is  GO.Cl.     (| 

'carbonic  gas  is  colourless,  and  has  a  peculiar  suffocating  odour.     In  coii|| 

water  it  is  decomposed  at  the  same  time  with  an  equivalent  of  water;  hjd|| 

and  carbonic  acids  are  produced  —  that  is  —  ^ 

CO.Cl  and  H0=C08  and  HCL 

Carbonic  oxide  is  also  absorbed  by  potassium  gently  heated,  and  that  i 
employed  to  separate  this  gas  from  a  mixture  of  hydrogen  and  gaseous  call 
gens,  as  in  the  analysis  of  coal  gas.  But  carbonic  oxide  has  been  supposed 
in  a  ^eater  number  of  compounds,  and  to  be  the  radical  of  a  series^  of  iri 
following  substances  are  members :  — 

CARBONIO   OXIDE   SERIES. 

Carbonic  oxide CO 

Carbonic  acid CO  +  O 

Chloroxicarbonic  gas CO+Cl 

Oxalic  acid 2C0  +  0 

Oxamide 2C04-NHt 

Carbonoxidc  of  potassium 7CO  +  3K 

Bhodizonic  acid 7CO+3HO 

Croconic  acid 5C0-f  H 

MelUticacid 4C04-H 

In  these  compounds  carbonic  oxide  is  represented  as  playing  the  part  of  i 
substance,  and  forming  a  variety  of  products  by  uniting  with  oxygen,  e 
hydrogen,  and  other  elements. 

Mellitic,  croconic,  and  rhodizonic  acids  are  sometimes  enumerated  as  oa 
carbon,  along  with  carbonic  acid,  carbonic  oxide,  and  oxalic  acid,  but  the 
bodies  have  not  an  equal  claim  to  the  same  early  consideration  as  the  laM 
pounds. 

OXALIC  ACID. 

Eq,  36  or  450 ;  CjO,.     Oxalate  of  water,  HO,C20a+2HO. 

This  acid,  discovered  by  Scheele  in  1776,  exists  in  the  form  of  an  acid 
potassa,  in  a  great  number  of  plants,  particularly  in  the  species  of  OTd 
numcx :  combined  with  lime  it  also  forms  a  part  of  several  lichens.  Oa 
lime  occurs  likewise  as  a  mineral,  humbolditey  and  forms  the  basis  of  a  m 
urinary  calculus.  This  acid  is  also  produced  by  the  oxidation  of  carbon  m 
nation,  in  a  variety  of  circumstances,  being  the  general  product  of  the  oxidi 
organic  substances  by  nitric  acid,  hypcrmanganate  of  potassa,  and  by  fused ; 
Those  matters  which  contain  oxygen  and  hydrogen  in  the  proportion  of  wi 
nish  the  largest  quantity  of  oxalic  acid. 

This  acid  has  been  derived  in  quantity  from  lichens,  but  it  is  usually  prep 
acting  upon  1  part  of  sugar  by  5  parts  of  nitric  acid,  of  1.42,  diluted  with  1 
of  water  at  a  gentle  heat  till  no  gas  is  evolved,  and  evaporating  to  cr}'6talliii 
crystals  must  be  drained,  and  crystallized  a  second  time,  as  they  are  apt  to : 
portion  of  nitric  acid.  Acting  upon  1  part  of  sugar,  with  6.6  parts  of  niti 
of  density  1.245,  Mr.  L.  Thompson  obtained  1.1  parts  of  crystallized  oxel 
One  half  of  the  carbon  of  the  sugar  appeared  to  be  converted  into  oxalic  m 
the  other  half  into  carbonic  acid;  the  nitric  acid  being  entirely  converl 
binoxide  of  nitrogen,  by  loss  of  oxygen. 

Oxalii  acid  forms  long,  four-sided,  oblique  prisms,  with  dihedral  sum 
terminated  by  a  single  face.  These  crystals  contain  three  equivalents  of  wi 
of  which  is  basic,  and  the  other  two  constitutional,  or  water  of  crystallizatioi 
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latter  two  may  be  expelled  at  a  temperature  above  212°,  and  tLe  protobydrafe  naoa 
at  tbo  same  time  in  rapour,  aad  condenses  as  a  woolly  eublimate.  Heated  in  a 
retort,  the  bydrated  acid  andcrgocs  decomposition  about  311°,  aed  ia  converted  iDto 
carbonic  oxide,  carbonic  acid,  and  formic  acid,  without  leaving  any  fixed  rcaidue. 
Concentrated  □itric  ncid,  with  heat,  converts  oxalic  acid  into  water  and  carbonic 
acid.  When  heated  with  sulphuric  acid,  oxalic  acid  yields  equal  volumes  of  carbonic 
oxide  and  carbonic  acid;  C,Oj  being  equivalent  to  CO  +  COj  (page  274).  No 
charring,  nor  evolution  of  any  other  gas,  occurs,  so  that  the  action  of  concentrated 
sulphuric  acid  affords  the  means  of  recognising  oxalic  acid  or  any  oxalate.  Crystal- 
lized oxalic  acid  is  soluble  in  8  parts  of  water,  at  50°,  in  ita  own  weight  of  boiling 
water,  and  in  4  parts  of  alcohol,  at  59°. 

Oxaiic  acid  is  a  powerful  acid,  which  combines  with  bases,  and  forms  a  well- 
defined  class  of  salts,  —  the  oxalates :  it  disengages  carbonic  acid  easily  from  all  its 
combinations.  Added  to  lime-water,  or  any  soluble  salt  of  lime,  oxalic  acid  forms 
a,  while  precipitate — the  oxalate  of  lime,  which  ia  a  highly  insoluble  salt.  Absolute 
oxalic  acid,  CiOj,  ba.'  not  been  isolated,  and  appcara  incapable  of  existing  except  in 
combination  with  water,  or  some  other  base. 

Composition  of  oxalic  acid. — The  analysis  of  oxalic  aind  is  eficcted  in  the  fol- 
lowing manner: — Ten  grains  of  the  crystals,  reduced  to  powder,  are  exactly  weighed 
and  mixed  with  200  or  300  grains  of  oside  of  copper,  recently  calcined,  and  per- 
fectly dry.  This  mixture  is  introduced  into  a  tube  of  white  Bohemian  glass,  which 
b  not  easily  fused,  open  at  ono  end,  about  0.4  inch  in  internal  diameter,  and  14  or 
15  inches  long,  the  other  end  being  drawn  out,  bent  upward,  and  sealed  (a,  fig.  125). 


This  ia  placed  in  a  furnace,  of  a  trough  form,  as  represented  in  the  figure,  constmcted 
of  sheet  iron,  and  healed  to  low  redness  by  burning  charcoal.  Immediately  con- 
nected with  the  combustion  tube,  by  means  of  a  perforated  cork,  is  a  tube  of  the 
form  6,  containing  fragments  of  strongly  dried  chloride  of  calcium.  In  this  tube 
the  water  of  the  oxalic  acid  is  condeni^ed,  and  the  weight  of  that  constituent  is 
ucertaincd  by  weighing  the  tube,  before  and  after  the  combustion.  Beyond  tho 
chloride  of  calcium  tube,  and  connected  with  it  by  a  short  caoutchouc  tube,  c,  is  a 
class  instrument,  p  m  r,  containing  a  strong  solution  of  caustic  potasaa,  of  density 
1.25  to  1.27,  for  the  absorption  of  the  carbonic  ncid  produced  by  the  combustion 
of  the  carbon  of  the  oxalic  acid  by  the  oxygen  of  the  oside  of  copper.  This  instru- 
ment consists  of  fire  balls,  of  which  m  is  larger  than  the  others;  no  more  of  the 
potataa  ley  is  put  into  it  than  fills  the  three  central  balls,  leaving  a  bubble  of  air  in 
each.  One  corner  is  elevated  a  little  by  a  cork  placed  under  it,  and  the  whole  sup- 
ported on  a  folded  towel :  tho  potassa  balls,  when  filled  with  ley,  commonly  weigh 
tirom  700  to  900  grains.  This  apparatus  is  also  weighed  before  and  after  the  com- 
biution,  and  the  increase  ascertained. 

The  experiment,  when  properly  conducted,  gives  4.29  grains  water  condensed  in 
tbe  chloride  of  calcium  tube,  and  6.98  grains  of  carbonic  acid  absorbed  in  tho  potassa 
tralbs.  Bnt  4.29  grains  of  water  contain  0.47  gtma  of  hydrogen,  and  8.98  grains 
of  cmrbonic  acid  contain  1.905  grains  of  carbon.  Now,  as  oxalic  acid  contains  nothing 
bnt  cvboD,  hydrogen,  and  oxygen,  we  obtain  thus,  for  the  composiUon  of  10  grains 
Af  ozatio  acia: — 


\ 
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Hydrogen 0.47B  ( 

Carbon. 1.905  i 

Oxygen 7.610 

10.000 
To  learn  the  relation  between  tbe  number  of  equivalents  of  these  constituM 
oxslio  acid,  it  is  necessary  to  divide  the  weight  of  each  of  them  by  its  chi 
equivalent : — 

0.476  1^05 

=  0.4760.  =  0.8175. 

1  6 

7.619 
. =  0.9524. 


These  fractions  are  in  the  proportion  of  2, 3,  and  6 ;  from  which  it  follows,  thi 
formula  of  the  crystallized  oxalic  acid  is  Cj  Hj  0,  or  a  maltiple  of  it.  Allc 
the  3H  to  be  in  combinatiou  with  30,  as  water,  we  finally  obtain  the  forms 
0,  +  3H0,  for  the  crystallized  acid.     [&e  Spppiemenf,  p.  772.] 

OABBON  AND   HTDBOOEN  —  nTDRTDES  OP  OARBOX. 

A  largo  nomber  of  compounds  of  carbon  and  hydrogen  arc  known;  many  of 
foand  in  the  oi^nio  kingdom,  and  others  derived  from  tho  decompodtion  of  at 
compounds.  Some  of  these  are  liquid  bodies,  some  solid,  and  others  gaseoui, 
present  we  shall  confine  ourselves  to  tbe  three  gaseous  compounds  whkh  in  Bim| 
of  composition  resemble  inorganic  compounds. 

^  PROTOCARBURETTZD  QTDElOaEK. 

Sgn.^  Light  earburefled  hydrogen,  Gas  of  the  Acetates,  Atarsh'gas,  Finn 
Eq.  16,  or  200;  Cj  H,;  density  559.6;  eombining  measure  |— }— L 

Vta.  ififl  This  gas  is  a  constant  product  Q 

putrefactive  decomposition  of  wood 
other  compounds  of  carbon,  under  1 
and  is  most  readily  obtained  by  aC 
the  mud  at  the  bottom  of  stAgnant ; 
and  collecting  the  gas  as  it  rises  in  1 
verted  bottle  and  funnel  (fig.  12fi) 
always  contains  10  or  20  per  cent,  o 
bonic  acid,  which  may  be  separated  t 
by  lime-water,  and  a  small  proporti 
nitrogen.  This  gas  also  issues,  in 
.  places,  in  considerable  quantities  fn 
=■  Burcs  in  tbe  earth,  coming  often  froii 
teminooufl  deposits  of  coal;  and  i 
working  of  ccHd-mines  it  is  found  n 
in  cavities,  and  would  appear  sometu 
be  discharged  from  the  fresh  aurftce 
coal  in  sensible  quantity.  Hence,  tl 
— —  is  sometimes  described  aa  tho  infian 

'Bach  (jsUmatio  dceignatioDs  as  have  hitherto  been  applied  to  this  and  a  fti 
hjdriUee  of  carbon  have  not  in  geoeral  been  dear,  and  involTe  the  Mtioua  emu  of 
Mating  the  corbun  oa  the  aegiitiTe  elemeat 
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ur  of  maishea,  and  the  fire-damp  of  mioes.  It  U  also  the  most  considenblo  consti* 
tuent  of  coal  gas,  and  of  the  gageoua  niixtaro  ohtaincd  on  pasaing  the  vapour  of 
alcohol  through  ui  ignited  porcelain  tnbc. 

Preparation. — This  gns  is  obtained  by  distilling  a  miitnro  of  dried  acetate  of 
Boda,  hjdrate  of  potassa  and  quicklime,  in  a  coated  glass  retort  Four  ounces  of  cr, 
■cciate  of  soda  may  bo  dried  on  a  sand-bath  till  anhydrous ;  the  salt  is  then  reduced 
to  ponrder,  and  intimately  iniied  with  four  ounces  of  sticks  of  caustic  potassa  and 
six  ounces  of  quick  lime,  both  well  pounded.  A  Florence  oil  flask,  or  other  flask  of 
hard  glass,  is  coated  with  a  mortar  composed  of  a  mixture  of  Paris-plaster,  and  Imlf 
its  weight  of  sand  and  cool-ashes,  A  (fig.  127);  and  provided  with  &  perforated  cork 


■nd  bent  tube  B,  oue  extremity  of  which  should  descend  three  or  four  inches  in  the 
neck  of  tbo  flask.  The  materials  above  being  introduced  into  the  flask,  the  latter 
is  placed  in  an  open  charcoal  furnace  C,  and  stroiiglj  heated.  The  gas  comes  off, 
mod  may  be  coUeetcd  in  JDrs  over  the  pneumatic  trough,  or  received  in  a  gas-bolder 
D  filled  witli  water. 

Properties. — The  observed  density  of  protocarburetted  hydrogen  is  559.6;  it  is 
composed  of  4  volnmcs  carbon  vapour,  and  8  volumes  hydrogen,  condensed  into  4 
Tolnmes,  which  are  the  combining  measure  of  this  ^.  Hence  llB  specific  gravity 
ii  bj  calculation — 

41«X«-t-BB.iBXB_  ee.  c 

It  is  inodorous,  neatnl,  respirablo  when  mixed  witb  air,  not  more  soluble  in 
vtter  than  pare  hydrogen,  and  has  never  been  liquefied.  This  carbnrettcd  hydrogen 
reqniiea  twice  its  bulk  of  oxyjen  to  buro  it  completely,  and  affords  water  and  an 
equal  bulk  of  earbonio  acid.  The  oxidation  of  this  gas  mixed  with  ox<rgen  is  not 
determined,  at  tbo  tempcmtnro  of  the  air,  by  spongy  platinum  or  platinnm  block. 
In  air  it  bniu,  when  lighted,  with  a  strong  yellow  fliune.  It  is  a  compound  of 
eoandeTable  stability,  but  is  decompoeed  in  part  when  sent  through  a  tune  heated 
I,  and  molved  into  carbon  aad  hydrogen.    This  gas  is  not  affected  io 
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tbo  dark  by  chlorine,  but  vben  the  mixture  of  these  gftsea,  in  &  mat 
expoMd  to  light,  carbonio  and  hydrochlorio  acid  eases  are  prodaoed.  .' 
AUliougU  instantly  kindled  by  flame,  prolocarhuretted  hydrogen  recnk 
temperature  to  ignite  it.  Hydrogen,  hydrosnlphario  acid  gas,  and  ol^n 
cortmnio  ozide,  are  all  ignited  by  a  glias  rod  heated  to  low  rednesa,  bat 
be  heated  to  bright  redness  or  to  vhitcneas,  to  iDflame  this  gu.  Sir  H. 
■covered  that  flame  could  not  be  commnnicated  to  an  explosive  mixture  at 
mines  and  air,  through  a  narrow  tube,  because  the  cooling  inflncnoe  of  H 
the  tube  prevented  the  gaseous  miitnre  contained  in  it  from  ever  rising  t 
tempurature  of  ignition.  A  mctidlic  tube  had  a  greater  cooling  propsil 
high  conducting  power,  nnd  consequently  obBtructeil  to  a  greater  degree  t 
of  Same,  than  a  similar  tube  of  glass;  and  even  the  meshes  of  metallio  ^ 
when  they  did  not  excccl  a  certain  magnitude,  were  found  to  be  imper 
flame.  Lxperiments  of  this  kind  may  be  madp  upon  coal-gas,  the  flam 
will  iw  found  incapable  of  passing  through  a  sheet  of  iron-wire  trellis, 
Dot  less  than  400  boles  in  the  square  inch.  If  the  gas  be  allowed  to  pa 
the  trellis,  and  kiudlod  above  it,  the  flame,  it  will  be  found,  does  not  rotni 
the  apertures  to  the  jet  whence  the  gas  issues,  Upna  these  observatk 
Davy  founded  his  invaluable  invention  of  the  Safety-lamp, — an  instrv 
indispensable  to  the  safe  working  of  the  most  extensive  and  valuable  o 
fields. 

Sa/ely-latnp.  —  As  left  by  Davy,  this  is  ^mply  an  oil  lamp,  encloaei 
of  wire-cauze,  the  upper  part  of  which  is  double  (fig.  128).  Mr.  Buddie 
wire  gause  for  the  bmp,  containing  from  784  to  800  h 
square  inch.  A  crooked  wire,  which  works  tightly  In  a  b 
passing  upwards  through  the  body  of  the  lamp,  aSnds  tb 
trimming  the  wick,  without  undoing  the  wire-game  oorer  d 
When  the  lamp  is  carried  into  an  atmosphere  charged  with 
a  blue  flame  is  obscn-cd  within  the  gau»  cylinder,  from  t 
tion  of  the  gas,  and  the  flame  in  the  centre  of  the  lamp  m^ 
guisbcd.  The  miner  should  then  withdraw,  for  altboo^ 
has  often  been  observed  to  become  red-hot,  without  infl 
external  eiploaive  atmosphere,  yet  the  texture  of  the  ai 
destroyed,  if  retained  long  at  so  high  a  temperature.  11  1 
been  known,  since  this  lamp  was  first  proposed,  that  when  H 
to  a  strong  current  of  the  explosive  mixture,  the  flame  mi 
quickly  through  the  apertures  of  the  gauze  to  be  cooled 
point  of  ignition,  and,  therefore,  communicate  with  tin 
atmosphere.  But  this  is  easily  prevented  by  prot«ctiiig 
from  the  draught,  aud  an  accident  from  this  cause  is  no 

The  carburetted  hydrogen  does  not  explode  when  mizi 
n  a  proportion  much  abflve  or  below  the  quantity  neoesi 
oniplotc  combustion.  With  3  or  4  times  its  volume  of 
lilt  explode  at  nil,  with  !)i  or  6  volumes  of  air  it  detooa 
ind  with  7  to  8  most  powerfully.  -With  14  volumes  i 
mixture  is  stili  explosive,  but  with  larger  proportions  of  air,  the  gas 
about  the  flame  of  the  tiiper.  The  large  quantity  of  air  which  is  then  i 
the  gas  absorbs  so  much  heat  ns  to  prevent  the  temperature  of  the  gu 
sphere  from  rising  to  the  point  of  ignition. 

Coal-gas.  —  The  products  of  the  distillation  of  coal  in  an  iron  retort  ai 
kinds :  a  bkck  oily  liquid,  of  a  heterogeneous  nature,  known  as  coal-tar 


>  For  additions!  inrormatinn  renpecllnp  the  gnfetj-Iamp,  the  nadcr  ii  refem 
Zuaj  on  Flame,  to  Dr.  Tsriii's  Life,  an<l  Dr.  J.  Dnvy's  Life  of  Sir  H.  Hmrj,  and 
port  of  the  Parliamenhu-y  Committee  an  AccideDti  ia  Mlnu,  1836. 
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flnid,  known  as  the  ammoniacol  liquor,  and  tho  elastic  fluids  whicb  form  coal-gas. 
To  purify  the  gaa,  it  is  oooled  bj  transmtttiug  it  through  iron  tuhes  or  shallow  boxes, 
in  which  it  deposits  some  condenaiblc  matter;  and  it  is  afterwards  exposed  to  milk 
<rf  lime,  to  absorb  hjdrosulphurio  acid  gas,  which  it  invariably  contains,  and  fro- 
qneDtly  afterwards  to  dilute  sulphuric  acid  or  a  solntion  of  sulphate  of  iron,  which 
urests  a  little  hydrosulphatc  of  ammonia  and  a  trace  of  hydrocyanic  acid.  The 
bydnilc  of  limo  is  often  applied  in  the  state  of  a  damp  powder,  and  not  difiiued 
through  water. 

The  process  m»  be  illustrated  by  the  arrangement  represented  in  fig.  129.     The 
goal  lo  be  distilled  is  contained  in  an  iron  or  stonewaro  retort  A,  which  should  not  be 

'  Fio.  129. 


man  than  half  filled  if  the  coal  is  of  a  bitnminons  quality,  and  is  healed  by  r  bduU 
diarcoal  furnace.  Tar  and  a  watery  fluid  containing  ammonia  condense  in  B,  which 
Tqneeents  the  condenser.  The' gas  posses  on  to  C,  a  glass  jar,  with  stages  of  wire- 
gauze  supporting  slaked  lime,  and  forming  a  lime-purifier.  The  gas  is  then  con- 
TQ«d  by  the  lube  F  into  the  belljar  E,  filled  with  water,  and  inrerted  over  another 
^Ui  jar  D,  ecrring  as  a  water-tank.  The  jar  £,  which  represents  the  gasometer, 
li  connected  by  a  string  passing  over  two  pulleys  abore,  with  an  iron  weight  which 
Uaoces  it  When  the  gasometer  rises  and  is  full,  the  gas  may  be  allowed  lo  escape 
Ij  the  tube  F  and  the  jet  and  stopcock  at  the  «do,  by  removing  or  dimiuisbing  the 
counterpoise  to  the  jar  E. 

Dr.  Henry  obtained  the  following  results  from  an  examination  of  the  ga§  ttam 
ibt  bat  cuiael  eoal,  at  difierent  per^ds  of  the  distillation :— 
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COAL  OAS  IN   100  VOLUMES. 


Density. 

Olefiant 
gas. 

Carburetted'Carbonio 
hydrogen,     oxide.    !  Hydrogen 

Nitrogen 

At  beginning  of  process... 
After  five  hours 

650 
600 
845 

13 
7 
0 

82.5 

6G 

20 

8.2 
11 
10 

0 
21.8 
CO 

1.3 
4.7 
10 

After  ten  hours ^ 

Besides  the  constituents  mentioned^  coal-gas,  when  first  made,  contains  small 
qnantities  of 

Ammonia  Hydrocyanic  acid 

Hydrosulpburic  acid  Bisulphide  of  carbon 

Carbonic  acid  Naphtha  vapour. ' 

All  of  these  bodies  are  separated  from  it  in  the  process  of  purification,  except  the 
two  last,  namely,  naphtha  vapour,  which  is  the  chief  cause  of  the  odour  of  coal-gas, 
and  bisulphide  of  carbon,  which  afibrds  a  little  sulphurous  acid  when  the  gas  is 
burned.  The  heterogeneous  nature  of  the  caseous  mixture  is  well  shown  upon 
introducing  a  quantity  of  dry  iodine  into  a  bottle  of  coal-gas,  when  several  liquid 
and  solid  compounds  of  iodine  are  formed  with  the  difierent  carbohydrogens  present 
Iodine,  on  the  other  hand,  is  not  affected  in  the  slightest  degree  by  fire-damp,  bat 
remains  with  its  metallic  lustre  unchanged  in  that  gas.  Indeed,  in  the  ordinary 
fire-damp  no  other  combustible  gas  whatever  can  be  found,  besides  protocarburettcc 
hydrogen  (Mem.  of  Chem.  Soc.  iii.  7). 

The  superiority  of  coal-gas,  in  illuminating  power,  depends  principally  upon  th( 
high  proportion  of  olefiant  gas  and  the  denser  carbohydrogens  which  it  contains 
The  free  hydrogen  and  carbonic  oxide  present  give  no  light,  and  arc  positively  injo 
nous.     As  the  highly  illuminating  constituents  are  dense,  and  contain  much  carbon 
the  value  of  coal-gas  is  to  a  certain  extent  proportional  to  its  density,  and  to  th 
quantity  of  oxygen  which  it  requires  for  complete  combustion.     In  the  analysis  o 
coal-gas,  the  different  g^scs  may  thus  be  separated:   1st.  Olefiant  gas,  naphtb 
vapour,  and  similar  carbohydrogens,  by  mixing  the  gas  over  water,  in  a  dark  plac 
with  half  its  bulk  of  chlorine,  and  afterwards  washing  with  caustic  potassa;  or,  I 
introducing  a  small  pellet  of  coke  charged  with  fuming  sulphuric  acid  and  attache 
to  a  platinum  wire,  into  the  gaseous  mixture,  over  mercury,  and  afterwards  absor 
ing  the  acid  vapour  by  a  fragment  of  hydrate  of  potassa :  2dly,  carbonic  oxide,  1 
potassium  gently  heated  in  the  gas ;  8dly,  the  proportion  of  protocarburetted  bjdi 
gen  gas  may  be  determined  by  detonating  the  mixture  over  merciiry,  in  an  eodi 
meter  (fig.  113,  page  249),  with  a  measured  quantity  of  oxygen,  and  ascertainii 
the  quantity  of  carbonic  acid  formed,  which  retains  the  volume  of  this  carburett 
hydrogen ;  4thly,  the  free  hydrogen,  by  observing  the  quantity  of  oxygen  rcmai 
ing,  by  means  of  a  stick  of  phosphorus  introduced  into  the  gas,  and  thereby  aso 
taining  the  quantity  of  oxygen  consumed  in  the  last  combustion ;  from  this  quant 
deduct  twice  the  measure  of  the  carburetted  hydrogen  found,  and  half  the  rcmaini 
measure  of  consumed  oxygen  represents  the  hydrogen ;  5th,  the  residuary  gas  af 
these  processes  is  the  nitrogen  of  the  coal-gas.* 


1  Dr.  Henry's  Papers  on  Coal-Gas  ore  contained  in  the  Philosophical  Transactiona 
1808,  1820,  and  1824. 

'  The  tubes  and  eudiometers  for  measuring  gases  require  to  be  very  minutely  gmduat 
this  is  attained  with  peculiar  accuracy  and  facility  by  the  method  recommended  by  Profef 
Bunscn.  His  instrument  for  graduating  glass  tubes  (fig.  130)  consists  of  a  mahogany  bo 
A,  6}  feet  long,  7  inches  wide,  and  J  of  an  inch  thick.  In  the  middle  of  this  board  i 
groove  extending  its  whole  length,  1  inch  wide,  }  inch  deep,  and  rounded  at  bottom  a 
bed  for  the  reception  of  the  tube.  At  one  part,  6  inches  from  the  end,  is  placed  a  bi 
plato  B,  1 J  foot  long  and  2  inches  wide,  in  such  a  position  that  when  screwed  down  itt  c 
Qomes  onc-haif  over  the  groove.    It  is  furnished  with  four  screw-nuts,  passing  through  i 
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Structure  of  flame,  —  The  quantity  of  light  obtained  from  the*  combustion  of 
ooal-gas  depends  entirely  upon  the  manner  in  which  it  is  burned,  which  will  appear 


in  the  plnte,  a  quarter  of  an  inch  long,  so  as  to  allow  a  certain  advancement  or  withdrawal 
of  the  plate  at  pleasure. 

Fig.  180. 


C  and  D  are  two  similar  plates,  placed  at  the  other  end  of  the  wooden  board,  G  haying 
the  same  amount  of  motion  as  B,  and  being  precisely  similar  in  eyery  respect.  D  is  a  brass 
plftte  of  the  same  dimensions  as  B  aod  C,  which  is  cut,  at  intervals  of  five  millimeters,  into 
notches,  every  alternate  one  being  one-twentieth  and  one-tenth  of  an  inch  deep.  There  is 
also  a  wooden  rod  £,  3  feet  long,  1  inch  broad,  and  half  an  inch  thick.  This  is  provided 
with  two  steel  points,  placed  by  screws  at  half  an  inch  from  either  end.  One  of  these,  F,  is 
in  the  form  of  a  knife,  the  other,  G,  of  a  bradawl ;  a  screw-driver  is  also  provided,  that 
these  points  may  be  attached  or  removed  at  pleasure. 

When  a  tube  is  to  be  graduated,  it  is  covered  with  a  thin  layer  of  melted  wax  and  turpen- 
tine, by  means  of  a  camel's  hair  pencil,  and  is  laid  in  the  groove  between  C  and  D,  which 
mre  then  screwed  down  in  their  places,  so  as  to  retain  the  tube  firmly  in  its  position.     A 
standard  tube,  previously  mathematically  divided  into  millimeters, 
(the  moHt  convenient  division,)  is  now  placed  in  the  groove  under  Fig.  131. 

B,  (fig.  131)  which  is  then  screwed  upon  it.     The  rod,  E,  is  now  ^  

used,  the  pointed  steel,  G,  being  put  into  one  of  the  millimeter    a^.      -^T"^      ?        i 
marks  on  the  standard  tube;  the  knife  point,  F,  falls  upon  the 

waxed  tube,  and  is  made  to  produce  a  line  upon  it,  the  length  of  which  is  regulated  by  the 
distance  between  the  edges  of  the  brass  plates  C  and  D.  The  pointed  steel  is  now  removed 
back  one  millimeter  on  the  standard  tube,  and  the  corresponding  mark  made  on  the  waxed 
one ;  and  thus  we  proceed  until  the  whole  of  the  waxed  tube  is  divided  into  millimeters. 
The  object  of  the  notches  is,  that  a  longer  mark  may  be  made  at  every  five  millimeters,  and 
a  still  longer  one  at  every  ten,  in  order  to  aid  the  eye  in  reading.  The  waxed  tube  is  now 
removed  to  a  leaden  trough  containing  pounded  fluor  spar  and  sulphuric  acid,  slightly 
heated,  which  etches  it  more  successfully  than  a  solution  of  hydrofluoric  acid.  Previously, 
however,  to  being  etched,  it  is  desirable  to  figure  the  number  of  millimeters  at  the  space 
of  every  ten ;  and  this  is  conveniently  done  by  the  steel  pointer  G,  after  being  removed 
from  the  rod  £.  The  tube  is  rubbed  with  vermilion  powder  when  in  use,  to  make  the  gra- 
duation more  legible. 

We  have  thus  an  accurate  measure  of  length  etched  upon  the  tube,  which  should  be  one 
of  pretty  uniform  calibre.  The  next  point  is  to  determine  the  true  value  of  each  of  the 
divisioDal  marks:  this  is  done  by  calibrating  it  throughout  all  its  length  by  small  portions 
of  mercury,  — say  equal  in  bulk  to  five  grains  of  water.  By  this  means  the  relative  value 
of  each  mark  is  determined,  and  the  proportion  which  it  bears  to  any  given  standard.  The 
only  possible  error  is  in  the  assumption  that  the  tube  is  of  even  calibre  within  the  space 
occupied  by  one  measure  of  mercury ;  but  the  quantity  of  this  added  is  so  small,  that  any 
•Qch  error  becomes  quite  inappreciable.  The  convenience  of  this  graduator  is  so  great, 
that  a  lung  tube  may  be  beautifully  divided  in  the  course  of  an  hour.  The  standard  tnbo 
■hould  be  made  of  glass,  but  the  original  divisions  from  which  this  standard  is  taken  may 
be  those  of  wood  or  any  other  material. 

The  tubes  recommended  by  Bunscn  are  18  or  10  inches  in  length,  about  0.6  inch  in  inter- 
nal, and  0.8  inch  in  external  diameter.  One  of  these  is  converted  into  a  eudiometer,  in 
which  the  gases  are  exploded,  by  inserting  near  the  closed  end,  by  fusion,  two  platinum 
wires  of  the  thickness  of  horse-hair,  for  the  purpose  of  passing  the  electric  spark.  During 
the  explosion  the  open  end  of  the  tube  is  pressed  firmly  upon  a  smooth  pad  of  caoutchouc, 
placed  under  the  mercury  at  the  bottom  of  the  pneumatic  trough.  The  graduation  of  these 
.nbea  being  linear,  enables  the  observer  to  read  oflf  the  difi'erence  in  height  between  the 
tiereuTj  in  the  tube  and  trough,  and  to  make  the  necessary  correction  on  the  volume 
iieasiu«d ;  all  exact  experiments  on  gaseous  volumes  must  be  made  over  mercury.  This 
iepartment  of  chemical  analysis  has  been  brought  to  a  high  degree  of  accuracy  and  perfec- 
tioD  by  Professor  Bunsen.  (See  Reports  of  the  British  Association,  1845,  page  148  ;  and 
liebig  and  Poggtudorff*!  Handworterboch  der  Chemie,  it  1058.) 
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from  the  consideration  of  the  stnictore  of  Inminona  flames.  The  flame  of  a  apirit* 
lamp,  candle,  or  gas-jet,  is  hollow,  as  may  be  observed  by  depressing  a  sheet  of 
wire-trcUis  upon  it,  which  gives  a  section  of  the  flame }  the  seat  of  the  combustion 
being  the  margin  of  the  flame,  where  alone  the  combustible  vapoor  ia  in  contael 
with  the  air.  Of  volatile  carbonaceous  combustibles,  the  flame  consisti 
Fig.  182.    ^f  i]^^^  parts,  which  are  represented  in  section  (fig.  132) :  — 

A,  cone  of  vapourized  combustible. 
\—'C  B,  sphere  of  partial  combustion. 

c,  sphere  of  complete  combustion. 
"■^  In  B,  where  the  supply  of  air  is  insufficient  for  complete  combustion,  H 
is  the  hydrogen  principally  which  bums,  the  carbon  being  liberated  ia 
'      solid  particles,  which  are  heated  white-hot  from  the  combustion  of  that 
gas.     The  sphere  B,  indeed,  is  the  luminous  portion  of  the  flame,  for 
the  light  depends  entirely  upon  the  deposition  of  carbon  arising  froni 
the  consecutive  combustion  of  the  two  elements  of  the  vapour.    Gaseous 
bodies,  however  strongly  heated,  emit  no  light,  oa  at  most  not  more  than  a  sensible 
glow,  and  luminous  flame  has  justly  been  described  by  Davy  as  always  containing  solid 
matter  heated  to  whiteness.     The  same  sphere  of  the  flame,  possessing  an  excess  of 
combustible  matter  at  a  high  temperature,  takes  oxygen  from  metallic  oxides,  sack 
as  arsenious  acid,  placed  in  it,  and  developes  their  metals.     It  is,  therefore,  oftea 
referred  to  as  the  deoxidizing  or  reducing  flame.     In  the  external  hollow  cone,  q 
the  deposited  carbon  meets  with  oxygen,  and  is  entirely  consumed.     The  hottest 
point  in  the  whole  flame  is  within  this  sphere,  near  the  summit  of  B.     This  part  oi 
the  flame,  possessing  an  excess  of  oxygen  at  a  high  temperature,  is  the  proper  place 
for  kindling  a  combustible^  and  is  called  the  oxidizing  flame :  its  properties  are  tbi 
opposite  of  those  of  b. 

When  coal-gas  is  mingled  with  an  equal  bulk  of  air  before  being  burned,  it  ii 
found  to  lose  half  its  illuminating  power.  It  may  be  conveniently  mixed  with  i 
quantity  of  air  sufficient  for  its  complete  combustion,  by  placing  over  an  argan 
burner,  a  brass  chimney  of  5  inches  in  height  provided  with  a  cap  of  wire-gauze 
when  kindled  above  the  wire-gauze,  the  gas  bums  with  a  blue  flame,  not  mor 
luminous  than  that  of  sulphur.  The  flame  is  so  feebly  luminous  because  no  depo 
sition  of  carbon  occurs  in  it.  The  quantity  of  heat  is  the  same,  whether  the  n 
is  burned  so  as  to  produce  much  or  little  light ;  and  where  the  gas  is  burned  to 
heat,  this  mode  of  combustion  has  the  advantage  of  giving  a  flame  without  smoki 
The  heat  derived  from  coal-gas  bumed  in  this  manner  is  not,  however^  so  intense  i 
that  of  an  argand  spirit-lamp. 

A  result  of  the  circumstances  which  determine  the  quantity  of  light  from  difibrei 
flames  is,  that  the  larger  the  flame  till  it  begins  to  be  smoky,  the  greater  the  pn 
portion  of  light  obtained  from  the  consumption  of  the  same  quantity  of  gas.  I 
was  observed  that  an  argand  burner,  supplied  with  1}  cubic  feet  of  gas  per  hoo 
gave  as  much  light  as  a  single  candle ;  with  2  cubic  feet  per  hour  the  light  wi 
equal  to  4  candles,  and  with  3  cubic  feet  to  10  candles.  Hence  argands,  bat-wing 
and  other  burners,  in  which  a  considerable  quantity  of  gas  is  bumed  together,  s 
more  economical  than  plain  jets.  The  brightness  of  ordinary  flame,  which  depcn 
essentially  upon  the  consecutive  combustion  of  hydrogen  and  carbon,  is  increased  I 
everything  which  promotes  the  rapidity  and  intensity  of  the  combustion,  witha 
deranging  the  order  of  oxidation,  such  as  a  rapid  supply  of  air,  and  the  substitutii 
of  pure  oxygen  for  air,  as  in  Gumcy's  Bude  Light.  Not  only  is  there  then  mo 
light,  because  there  is  more  combustion  in  the  same  time,  but  the  tempermtnn  < 
the  flame  being  greater,  the  luminous  carbon  is  also  heated  to  a  higher  degree « 
whiteness. 

l^See  Supplement,  p.  772.] 
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BICARBt RETTED  BTDBOOEN. 

Sy».  Olefianlgas,Etagk;  Ej.28  or  350;  C.H,;  rf«i«t(y  985.2;    [  'J~[ 

This  gag  vas  discovered  in  1796,  bj  certain  associated  Butch  chemists,  who  gave 
it  the  niimc  of  olefinnt  gu,  because  it  forma  with  chlorine  &  compound  having  the 
ftppeaniDce  of  oil.  It  is  nsnally  prepared  bj  heating  together  1  measure  of  opirita 
of  wine  with  3  measures  of  oil  of  vitriol,  in  a  capacious  retort,  till  tlic  liquid  becomes 
black  and  cfTerveGcence  begins,  and  maintaining  it  at  that  particular  temperature.  It 
is  collected  over  water,  which  deprives  it  of  a  portion  of  ether  vapour  and  sulphurous 
acid,  with  which  it  is  accompanied.     [&e  Snpphmmt,  p.  771.] 

A  process  which  yields  a  purer  gas,  ana  in  larger  volume,  is  the  following. 
Twenty-eight  ounces  of  water  are  added  to  twice  their  volume  of  oil  of  vitriol,  in  & 
large  globular  flask  A  (fig.  131),  which  gives  an  acid  of  about  1.6  density  when 

Fio.  183. 


flool.  Withoat  waiting  to  cool,  however,  24  ounce  measures  of  spirits  of  wine  an 
kdded,  and  the  whole  allowed  to  stand  for  a  night.  The  flask  is  supported  on  a  bed 
of  pnmice  over  the  gas-fiamc  as  already  described  (page  264),  and  the  latter  regu- 
lated so  as  to  keep  the  liquid  in  a  state  of  moderate  ebullitioo.  The  gaa  evolved  is 
passed  through  two  two-pound  bottles,  B  and  C,  tho  Grst  of  wbicb,  B,  is  empty,  or 
contains  only  a  little  water  at  the  beginning,  and  is  intended  for  the  condensation 
of  a  coDsidcrabto  portion  of  alcohol  and  ether  which  distil  over,  while  C  is  half  filled 
with  a  strong  solution  of  caustic  potassa,  to  absorb  the  sulphurous  and  carbonic  acids 
produced.  Thc^  two  waah-bottlcs  arc  immersed  in  jars  containing  cold  water.  Tho 
third  wash-bottle,  D,  contains  oil  of  vitriol,  and  the  U-tube  E,  pumice  soaked  in  the 
nine  fluid  to  absorb  other-vapour;  while  the  gas  is  collected  at  last  in  bottles,  F, 
orer  water  made  sensibly  alkaline  by  caustic  potassa. 

This  gas  is  formed  by  a  peculiar  decomposition  of  alcohol,  in  oontect  with  sol- 
phuric  acid  boiling  at  32.^°,  or  a  little  higher,  in  which  the  alcohol  is  resolved  into 
(defiant  gas  and  water,  C,HjO,=  C,irj  and  2H0.  This  decomposition  will  be  re- 
{erred  te  again  more  particularly  under  the  bead  of  alcohol. 

Bicarburettcd  hydrogen  gas  contiuns  2  volumes  of  carbon  vapour  and  2  volumes 
of  hydrogen  condensed  into  1  volume,  and  is  theoretically  of  the  same  density  aa 
nitrogen  and  carbonic  oxide,  or  fourteen  times  heavier  than  hydrogen.  It  was  con- 
densed by  cold  and  pressure  into  a  transparent  liquid,  which  is  not  solidifiable  (page 


79).     This  gM,  when  carefully  deprived  of  ether,  has  a  sweet  odour,  which  is  pecu- 
r  but  Dot  a^oDg.    Water  absorbs  about  one-eighth  of  its  volume  of  this  ^; 


liar  I 
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alcohol  takes  up  2  volumes,  oil  of  turpentine  2.5,  and  olive  oil  1  TQinme.  It  is 
absorbed  by  fuming  sulphuric  acid,  and  by  the  pcrchloride  of  antimony,  forming 
peculiar  compounds.  The  substances  named  leave  certain  gaseous  imparities  nnc(m- 
dcnsed,  which  often  amount  to  15  or  20  per  cent.,  and  appear  to  be  principally  pro- 
tocarburettcd  hydrogen.  The  gas  of  the  process  described  above  is  entirely  absorbed 
by  the  pcrchloride  of  antimony,  except  about  4  per  cent. ;  but  it  appears  to  contain 
the  vapour  of  some  denser  carbohydrocen,  not  absorbed  by  oil  of  vitriol,  as  the 
specific  gravity  of  the  gas  so  prepared  is  often  as  high  as  that  of  air,  or  1000,  in- 
stead of  985.2  as  observed  by  Saussure. 

This  gas  bums  with  a  white  flame,  which  is  much  more  brilliant  than  that  of 
protocarburetted  hydrogen.  It  requires  three  times  its  volume  of  oxygen  to  burn 
it  completely,  and  yields  twice  it^  volume  of  carbonic  acid  gas  and  twice  its  volame 
of  aqueous  vapour;  for  one  volume  of  bicarburettcd  hydrogen  contains  2  volumes 
of  carbon  vapour,  each  of  which  requires  1  volume  oxygen  and  becomes  1  volume 
carbonic  acid,  and  2  volumes  hydrogen,  each  of  which  requires  ^  volume  oxygen 
and  forms  1  volume  steam.  This  gas  is  entirely  decomposed,  when  passed  through 
a  porcelain  tube  at  a  white  heat,  into  carbon,  which  is  deposited,  and  twice  its  vo- 
lume of  hydrogen  gas. 

Bicarburettcd  hydrogen  mixed  with  twice  its  volume  of  chlorine  gas  is  condensed, 
and  forms  a  liquid  compound  of  an  oily  consistence,  C4H4CI2,  from  which  it  wu 
named  olefiant'gas,  or  the  oil-making  gas,  and  Elaylc  (from  itawv  and  iiXi^,  the  sonrce 
of  an  oil),  by  Berzelius.  This  substance,  which  is  also  known  as  Dutch  liquid,  will 
be  described  under  the  derivatives  of  alcohol.     [^Sce  Suppkmenty  p.  772.] 

OAS  OF  OIL. 

Bicarburettcd  hydrogen  of  Faraday;  Eq,  56  or  700;  CsHf;  density 

1926.4;  r 


This  gas,  which  is  twice  as  condensed  as  defiant  gas,  is  one  of  the  products  of  tin 
decom])o^ition  of  the  fixed  oils  by  heat,  and  exists,  therefore,  in  the  ^  preporei 
from  oil.  It  is  liquefied  when  oil  gas  is  greatly  compressed,  and  also  by  a  cold  0 
0®  F.  The  flame  of  tliis  gas  is  very  brilliant ;  it  is  only  sparingly  soluble  in  watei 
but  pretty  soluble  in  alcohol  and  the  fat  oils ;  sulphuric  acid  dissolves  a  hundre 
times  its  volume.  It  combines  with  an  equal  volume  of  chlorine,  and  forms  a  liqni 
compound  ha^^ng  some  analogy  to  Dutch  liquid. 

This  gas  requires  6  volumes  of  oxygen  to  bum  it,  and  gives  rise  to  water  and 
volumes  of  carbonic  acid. 

CARBON  AND   NITROGEN  —  CYANOGEN. 

Eq,  26  or  325;  NC^;  density  1819;  p 


This  compound  is  a  gas,  which  was  first  obtained  by  Gay-Lussac  in  1815.  It 
prepared  by  heating  the  cyanide  of  mercury  in  a  small  glass  retort,  and  is  collect 
at  the  mercurial  trough.  The  cyanide  is  resolved  into  running  mercury  and  cyai 
gen  gas,  and  frequently  leaves  a  black  coaly  mass  in  the  retort,  which  Profese 
Johnston  has  shuwn  to  consist  of  carbon  and  nitrogen,  in  the  same  proportions 
the  gas  itself. 

Cyanogen  gas  contains  4  volumes  of  carbon  vapour  and  2  volumes  of  nitrogi 
condensed  into  2  volumes;  its  density  is  1819.  When  this  gas  is  exploded  w 
twice  its  volume  of  oxygen,  it  aflbrds  2  volumes  of  carbonic  acid  gas,  and  1  volu 
of  nitrogen;  an  experiment  from  which  its  compcsition  may  be  deducc-d.  Watei 
60°  absorbs  4.5  times  its  volume  of  this  gns,  and  alcohol  23  volumes.  By  a  presff 
of  3.6  atmospheres  at  45°,  cyanogen  is  condensed  into  a  limpid  liquid,  which  e 
porates  again  on  removal  of  the  pressure.     Cyanogen  burns  with  a  beautiful  pur 
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flame  in  air  or  ongen.  The  solution  of  cptnogen  in  water  undergoes  spontaneous 
decomposition.     By  ulkalies  the  gas  is  absorbed,  and  a  cyanide  and  cyanit«  formed. 

Carbon  docs  not  bam  when  heated  in  nitrogen  gas,  and  appears  to  be  incapable 
of  uniting  iritb  that  element  when  alone,  or  unless  when  assisted  by  the  presence 
of  a  third  body,  such  as  potassium,  which  unites  with  and  gives  stability  to  the 
compound.  Cyanogen  is  ttius  produced  when  nitrogen  is  sent  over  fragments  of 
charcoal  saturated  with  potussa,  heated  white-hot  in  ajtoreelain  tube  placed  across  & 
foniuce,  and  obtained  as  cyanide  of  potassium.  A 
peculiar  form  of  furnace,  in  which  this  remarkable  fio- 13^ 

process  is  conducted  on  a  large  scale  at  Ncn'castle, 
with  considerable  success,  is  described  by  Jlr. 
Bramwell  (Ucpcrtory  of  Inventions,  3  ser.  ix.  2S0). 
It  consists  essentially  of  a  vertical  flue  in  brickworlc 
A  B  D,  (fig.  134),  containing  charcoal  charged 
with  a  solution  of  cArbonale  of  potossa,  the  middle 
portion  of  which,  B,  is  placed  within  the  flue  of 
the  adjoining  furnace  *2  2,  by  which  it  is  healed  in- 
tensely, and  also  obtains  a  supply  of  nitrogen, 
which  enters  ABB  by  a  number  of  small  open- 
ings into  the  external  flue.  The  passage  of  gases 
upwards  through  the  potassa-chorcoal  is  further 
promoted  by  the  action  of  air-pumps  connected 
with  the  tubes  G-  and  H.  The  materials  are  intro- 
duced at  the  top  ou  removing  a  lid  C,  and  after 
descending  through  the  tube  are  allowed  to  fall 
into  a  cbtem  of  water  F,  in  which  the  cyanide  of 
potaasium  is  found  dissolved.  The  pipes  I  and  J 
dip  into  water,  to  intercept  ammonia  or  any  other 
volatile  product. 

Cyanc^n  is  a  salt-radical,  and  unites  with  all 
the  mcl&ls,  as  chlorine  and  iodine  do,  forming  a 

class  of  cyanides.  It  also  combines  with  hydrogen  and  forms  a  hydrogen-acid,  namely^ 
hydrocyauio  or  prussio  acid.  Cyanogen  properly  belongs  to  organic  chemistry,  in 
which  department  its  numcrons  combinations  will  be  considered. 

Mellon,  N^Cg. — This  is  another  salt-radical,  and  was  formed  by  Liebig  by  heating 
the  bisulphide  of  cyanogen  in  a  glass  flask  to  redness,  when  it  is  resolved  into  sul- 
phur, bisulphide  of  carbon,  and  mellon.  It  is  a  lemon  yellow  powder,  insoluble  in 
water  and  alcohol;  it  unites  directly  with  hydrogen  and  with  potasaum,  forming 
bydro-melloDic  acid,  a  hydrogen-acid,  and  metlonide  of  potos^am,  a  saline  body. 

SECTION   V. 


£j.  10.9  or  136.2;  B;  density  nftap<mr{h.ypollutkaT)1l>\;  \"\~'\  • 

Boron  is  an  element  having  some  analogy  to  carbon,  but  sparingly  diffused  in 
nature.  It  is  never  found,  except  in  combination  with  oxygen  as  boracic  acid,  of 
which  the  salt  of  soda  has  long  been  brought  to  Europe  from  India  in  a  crude  state, 
under  the  name  of  tinkal,  and  termed  borax  when  purified.  The  impure  borax  or 
tinkal  forms  a  saline  incrustation  in  the  beds  of  certain  small  lakes  in  an  upper 
province  of  Thibet,  which  dry  up  ^ring  summer.  But  the  most  considerable  of 
the  present  sources  of  boracic  acid  are  the  hot  bgoons  of  a  district  in  Tuscany, 
which  are  cbaiged  with  the  free  acid,  from  the  condensation  in  them  of  vapours  of  a 
volcanic  origin.  Boiacto  amd  is  likewise  found  in  the  hot  springs  of  Lipari.  It  is  a  . 
'    '  o  «f  teT«i«l  minerals,  of  which  datolite  and  boiocite  arc  the  moat  ic- 
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markable.  Boron  was  first  discovered  by  Sir  H.  Davy  in  1807,  by  exposing  borada 
acid  to  the  action  of  a  powerful  voltdc  batterv,  and  was  afterwards*  obtained  by 
Gay-Lussac  and  Thenard  in  greater  quantity^  by  heating  boracic  acid  with  pota» 
sium.     [^See  Supplement,  p.  773.] 

Preparation.  —  Boron  is  prepared  with  greatest  advantage  from  a  combination  of 
fluoride  of  boron  and  fluoride  of  potassium,  which  is  obtained  on  saturating  hydiOi 
fluoric  acid  with  boracic  acid,  and  afterwards  adding  to  it,  drop  by  drop,  the  fluorida 
of  potassium.  This  compound,  which  is  of  slight  solubility,  is  collected  on  a  filto*. 
and  dried  at  an  elevated  temperature,  but  which  should  not  reach  a  red  heat  Eqoal 
weights  of  the  compound  and  of  potassium  are  mixed  together  in  a  cylinder  or  tube 
of  iron,  closed  at  one  end,  which  is  gently  heated,  and  the  mixture  stirred  with  aO 
iron  rod,  till  the  potassium  is  melted.  Heated  afterwards  more  strongly  by  a  spirit 
lamp,  the  mass  evolves  heat,  and  becomes  red-hot ;  the  potassium  combines  with  the 
fluorine,  and  a  mixture  is  obtained  of  boron  and  the  fluoride  of  potassium.  Oi 
treating  this  with  water,  the  fluoride  of  potassium  dissolves,  and  the  boron  remain 
alone.  In  washing  it  farther,  instead  of  pure  water,  which  causes  the  oxidation  oi 
boron,  a  solution  of  sal  ammoniac  should  be  employed,  which  does  not  act  upon  thi 
body,  and  the  sal  ammoniac  remaining  in  the  boron  may  be  taken  np  by  alcohol. 

Properties.  —  Thus  prepared,  boron  is  obtained  in  the  form  of  a  greenish-browi 
powder,  without  the  metallic  lustre,  which  becomes  hard  and  assumes  a  deepc 
colour,  when  ignited  in  vacuo,  or  in  gases  which  do  not  combine  with  it,  but  unda 
goes  no  farther  change.     Heated  in  atmospheric  air  or  oxygen  it  bums  with  a  vivi 
light,  scintillating  powerfully,  and  forms  boracic  acid.     Nitric  acid  and  many  otb( 
substances  also  oxidate  it  easily,  and  always  produce  that  compound.     Fused  wit 
carbonate  of  potassa,  it  decomposes  the  carbonic  acid,  and  gives  borate  of  potass 
carbon  being  liberated.     Boron  is  not  known  to  possess  any  other  degree  of  oxidation 
Boron  combines  with  sulphur,  with  the  disengagement  of  light,  when  heated  in  tl 
vapour  of  that  substance ;  and  it  takes  fire  spontaneously  in  chlorine,  and  forms 
gaseous  chloride  of  boron,  of  which  the  formula  is  BCI3,  and  the  density  3942 1 
observation  and  4035  by  calculation.     This  gas  is  composed  of  2  vols,  of  bon 
vapour  and  6  of  chlorine,  condensed  into  4  vols.,  which  are  its  combining  xneasin 
It  may  likewise  be  formed  by  transmitting  chlorine  gas  over  a  mixture  of  borw 
add  and  charcoal,  ignited  in  a  porcelain  tube.     A  corresponding  fluoride  of  boron 
evolved  from  boracic  acid,  ignited  with  the  fluoride  of  calcium  or  fluor-spar,  with  t 
formation  of  borate  of  lime.     The  density  of  this  fluoride  is  2312.4.     Both  of  th< 
gases  are  decomposed  by  water,  boracic  acid  being  formed  with  hydrochloric 
hydrofluoric  acid. 

Boracic  or  Boric  acid.  —  This  acid  is  prepared  by  dissolving  the  salt  borax 
212°  in  two  and  a  half  times  its  weight  of  water,  and  adding  enough  of  hydrochlo 
acid  to  make  the  liquid  strongly  acid  to  test  paper.  Chloride  of  sodium  is  form 
which  continues  in  solution,  while  the  boracic  acid  separates  in  thin  shining  crysl 
lino  plates,  on  cooling.  These  plates  are  drained,  and  being  sparingly  soluble,  n 
be  washed  with  a  little  cold  water,  and  afterwards  redissolved  in  boiling  water,  1 
made  to  crystallize  anew.  Fused  at  a  red  heat  in  a  platinum  crucible,  these  pla 
give  the  vitrified  acid,  of  which  the  density  is  1*83.  Boracic  acid  has  a  weak  tai 
which  is  scarcely  acid,  and  it  affects  blue  litmus  like  carbonic  acid,  imparting  to : 
wine-red  tint,  and  not  that  clear  red,  free  from  purple,  which  the  stronger  acida  j 
duce.  It  renders  yellow  turmeric  paper  brown,  like  the  alkalies.  The  acid  of 
carbonates,  however,  is  displaced  by  boracic  acid  in  the  cold,  and  at  a  red  heat  t 
acid  decomposes  even  the  sulphates,  from  its  comparative  fixity.  The  crystals 
boracic  acid  are  a  hydrate,  and  contain  3  equivalents  of  water,  of  which  the  form 
is  HO.BOa-f  2110.  At  G0°  it  requires  25.68  times  its  weight  of  water  to  disK 
it,  but  only  2.97  times  at  212°.  With  the  assistance  of  the  vapour  of  water,  i 
slightly  volatile,  but  alone  it  is  more  fixed,  and  fuses,  under  a  red  heat,  into  a  tit 
parent  glass.  At  the  white  heat  of  our  furnaces  boracic  acid  does  not  boil;  but 
tension  of  its  vapour  is  so  considerable  at  that  temperature  that  it  evaporates  entii 
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awaj  Id  the  end.  The  hjdrated  acid  dissolves  in  alcohol,  and  the  solution  burns 
with  a  fine  green  flame.  It  communicates  fusibility  to  many  substances  in  uniting 
with  them^  and  generally  forms  a  glass.  On  this  account  borax  is  much  used  as  a 
Hux. 

Borates.  —  Boracic  acid  is  remarkable  for  the  variety  of  proportions  in  which  it 
unites  with  alkalies ;  all  these  borates  have  an  alkaline  reaction  like  the  carbonates. 
The  relative  proportions  of  oxygen  and  boron  in  boracic  acid  are  known,  but  the 
number  of  equivalents  of  these  elements  in  this  acid  is  not  so  certain.  Dumas 
inferred  from  the  density  of  the  chloride  that  it  is  a  terchloride,  and  boracic  acid, 
which  corresponds,  will  therefore  consist  of  3  eq.  of  oxygen  to  1  eq.  of  boron,  and 
its  formula  be  BOj.  This  makes  borax  the  biborate  of  soda,  [fifec  Supplement^ 
p.  774.] 

SECTION  VI. 

SILICON   OR   SILICIUM. 

Eq.  21.35  or  266.82;  Si;  density  of  vapour  (hypothetical)  1475; 


Silica  or  siliceous  earth,  the  oxide  of  the  present  element,  is  the  most  abundant 
of  all  the  matters  which  compose  the  crust  of  the  globe.  It  constitutes  sand,  the 
Tarietics  of  sand-stone  and  quartz  rock,  and  enters  into  felspar,  mica,  and  a  great 
variety  of  minerals,  which  form  the  basis  of  other  rocks.   [Sec  Supplement,  p.  776.] 

Preparation.  —  Silica  may  be  decomposed  by  heating  it  with  potassium,  which 
deprives  it  of  oxygen ;  but  a  better  process  for  obtaining  silicon  is  to  heat  the  double 
fluoride  of  silicon  and  potassium,. with  8  or  O-lOths  of  its  weight  of  potassium,  with 
the  same  precautions  as  in  the  preparation  of  boron.  The  materials,  however,  in 
this  case  may  be  heated  in  a  glass  tube,  as  well  as  in  an  iron  cylinder.  The  double 
fluoride  employed  is  prepared  by  neutralizing  fluosilicic  acid  with  potassa.  A  dif- 
ferent process  is  suggested  by  Berzolius,  which  consists  in  heating  potassium  in  a 
tube  of  hard  glass  with  a  small  bulb  blown  upon  it,  which  is  filled  with  the  vapour 
of  the  fluoride  of  silicon,  supplied  from  the  ebullition  of  that  liquid  contained  in  a 
small  retort  connected  with  the  glass  tube.  The  potassium  burns  in  this  vapour, 
and  at  the  end,  silicon  is  found,  with  fluoride  of  potassium,  in  the  place  of  the  metal 
(Traits,  t.  1,  p.  307).  But  the  silicon  from  all  these  processes  is  always  in  combi- 
nation with  a  little  potassium,  and  mixed  with  a  little  fluoride  of  silicon  and  potas- 
sium unreduced.  Hence,  on  applying  cold  water  to  the  mass,  hydrogen  gas  is 
disengaged,  and  potassa  formed,  and  the  silicon  separates.  The  potassa  thus  produced 
can,  with  the  aid  of  hot  water,  dissolve  the  silicon,  which  then  oxidates  and  becomes 
silica,  so  that  cold  water  only  must  be  employed  to  wash  the  silicon,  which  may  be 
thrown  upon  a  filter.  After  a  time,  the  liquid  which  passes  has  an  acid  reaction, 
which  arises  from  its  dissolving  an  acid  double  fluoride  of  silicon  and  potassium,  of 
sparing  solubility,  which  has  escaped  decomposition,  and  is  mixed  with  the  silicon. 
The  washing  is  continued  so  long  as  the  water  dissolves  anything. 

Properties.  —  The  silicon  which  is  thus  obtained  is,  in  its  pure  state,  a  dull  brown 
powder,  which  soils  the  fingers,  and  when  heated  in  air  or  oxygen,  inflames  and 
bams,  but  is  never  more  than  partially  converted  into  silica.  It  may  be  ignited 
strongly  in  a  covered  crucible  without  loss,  and  then  shrinks  in  dimemuons,  acquires 
a  deep  chocolate  colour,  and  becomes  so  dense  as  to  sink  in  oil  of  vitriol.  Bv  this 
ignition  the  properties  of  silicon  are  altered  to  a  degree  which  is  very  remarkable  in 
a  simple  substance.  It  was  previously  readily  soluble  in  hydrofluoric  acid,  with 
e?oIution  of  hydrogen,  and  in  caustic  potassa,  but  it  is  now  no  longer  acted  upon  by 
that  or  any  other  acid,  nor  by  alkalies.  The  ignited  silicon  also  refuses  to  bum  in 
air  or  oxygen,  even  when  intensely  heated  by  the  blowpipe  flame.  Charcoal,  it  will 
be  remembered,  is  more  dense  and  less  combustible  after  being  strongly  heated ;  but 
thai  substanco  is  not  altered  by  heat  to  the  same  extent  as  silicon.  ^lixed  and 
19 
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heated  with  dry  carbonate  of  potassa,  silicon  in  any  condition  is  oxidated  complete^ 
its  action  upon  the  carbonic  acid  of  the  salt  being  attended  with  ignition,  and  caAa 
liberated.  Silicon  bums  when  heated  in  sulphur  vapour,  and  forms  a  sulpfaiA 
which  water  dissolves,  but  decomposes  at  the  same  time,  hydrosulphuric  acid  •■ 
silica  bciog  produced,  and  the  last,  notwithstanding  its  usual  insolubility,  retune 
in  solution.  Silicon  likewise  bums  in  chlorine ;  and  the  chloride  of  silicon  may  t 
otherwise  formed  by  transmitting  chlorine  over  a  mixture  of  charcoal  and  silk 
ignited  in  a  porcelain  tube.  The  silica  is  decomposed  by  neither  charcoal  nor  cUi 
rine  singly,  but  acting  together  upon  the  silica,  these  bodies  produce  carbonic  oxid 
and  chloride  of  silicon.  This  compound  is  a  volatile  liquid,  of  which  the  formula  j 
Si  OIs ;  that  of  the  sulphide  of  silicon  Si  S3. 

Silica  or  Silicic  Acid,  Si  O3.  —  This  earth,  which  is  the  only  oxide  of  silica 
constitutes  a  number  of  minerals,  nearly  in  a  state  of  purity,  such  as  rock-crysti 
quartz,  flint,  sandstone,  the  amethyst,  calcedony,  cornelian,  agate,  opal,  &c.  Tl 
first  chemical  examination  of  its  properties  and  compounds  is  due  to  Bergman. 

Preparation,  —  Silica  may  be  had  very  nearly,  if  not  absolutely  pure,  by  heatii 
a  colourless  specimen  of  rock-crystal  to  redness  and  throwing  it  into  water,  aft 
which  treatment  the  mineral  may  be  easily  pulverized.     It  is  obtained  in  a  state  < 
more  minute  division,  by  transmitting  the  gaseous  fluoride  of  silicon  (fluosilicic  ad 
into  water ;  or  by  the  action  of  acids  upon  some  of  the  alkaline  compounds  of  silx 
Equal  parts  of  carbonate  of  potassa  and  carbonate  of  soda  may  be  fused  in  a  platim 
crucible,  at  a  temperature  which  is  not  high ;  and  pounded  flint  or  any  other  silicefl 
mineral,  thrown  by  little  and  little  into  the  fused  mass,  dissolves  in  it  with  an  eifi 
vesocnce  due  to  the  escape  of  carbonic  acid  gas.     The  addition  of  the  mineral 
contiuued  so  long  as  it  determines  this  eflcrvcscence.     The  mass  being  allowed 
cool,  is  afterwards  dissolved  in  water  acidulated  wi^h  hydrochloric  acid,  which  tal 
up  the  silica  as  well  as  the  alkalies ;  the  liquor  is  filtered  and  then  evaporated 
dryness.     The  silica  may  contain  a  little  peroxide  of  iron  or  alumina,  to  disso 
which  the  saline  mass,  when  perfectly  dry,  is  moistened  with  concentrated  hyd 
chloric  acid,  and  after  two  hours  the  acid  mass  is  washed  with  hot  water.     The  sil 
remains  undissolved;  it  may  be  dried  well  and  ignited. 

Properties.  —  Silica  so  prepared  is  a  white,  tasteless  powder,  which  is  rongli 
the  touch,  and  feels  gritty  between  the  teeth.  It  is  extremely  mobile  when  heal 
and  is  thrown  out  of  a  crucible,  at  a  high  temperature,  by  the  slightest  breath 
wind.  It  is  absolutely  insoluble  in  water,  acids,  and  most  liquids.  Finely  divi 
silica,  however,  decomposes  an  alkaline  carbonate  at  the  boiling  point,  and  is 
solved.  Its  density  is  2.GG.  The  heat  of  the  strongest  wind-fumacc  is  not  suffic 
to  fuse  silica,  but  it  melts  into  a  limpid  colourless  glass  in  the  flame  of  the  oxi 
drogen  blowpipe,  and  may  be  drawn  out  into  threads  (Girardin).  Silica  is  fo 
frequently  crystallized,  its  ordinary  form  being  a  six-sided  prism  terminated  1 
six-sided  pyramid,  as  in  rock-cr}'stal.  Sometimes  the  prism  is  very  short  or  di 
pears  entirely,  and  the  pjTamid  only  is  seen,  as  in  ordinary  quartz. 

Silicic  acid  dissolved  by  acids,  —  The  conditions  of  the  solubility  of  ulicic 
in  other  acids  are  peculiar.  Once  precipitated,  whether  gelatinous,  like  be 
starch,  or  pulvemlent,  it  is  no  longer  in  the  least  degree  soluble  cither  in  wat< 
acids.  If  to  a  dilute  solution  of  an  alkaline  silicate,  hydrochloric  acid  be  ai 
slowly  and  drop  by  drop,  the  silicic  acid  is  precipitated  in  proportion  as  the  alki 
neutralized.  But,  on  the  contrary,  no  silicic  acid  is  precipitated,  if  strong  hj 
chloric  acid  in  considerable  excess  be  added  all  at  once  to  the  solution  of  allu 
silicate,  or  if  the  latter  be  poured  in  a  gradual  maimer  into  hydrochloric  acid  whc 
strong  or  greatly  diluted  with  water.  It  thus  appears  that  silicic  acid  only  disa 
in  the  stronger  acids,  when  presented  to  them  in  the  nascent  state,  or  at  the  moi 
of  leaving  another  combination.  It  appears  to  enter  into  combination  with  the 
which  dissolves  it;  for  if  the  latter  is  exactly  neutralized  by  adding  a  strong  sob 
of  potassa,  drop  by  drop,  the  whole  of  the  silica  is  precipitated. 

A  pure  solution  of  silicic  acid  in  hydrochloric  acid,  free  from  saline  matter,  ii 
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obtained  from  the  silicate  of  copper.  The  latter  is  prepared  by  precipitating  chlo- 
ride of  copper  by  the  solution  of  an  alkaline  silicate ;  washing  the  insoluble  silicate 
of  copper  which  falls,  by  several  times  mixing  it  with  water  and  allowing  it  to 
subside,  so  as  to  get  rid  of  the  chloride  of  potassium  present.  The  silicate  of  copper 
is  then  dissolved  in  hydrochloric  acid,  filtered,  and  hydrosulphuric  acid  gas  made  to 
stream  through  the  liquid,  to  precipitate  the  copper.  The  black  insoluble  sulphide 
of  copper  is  removed  by  filtration,  and  a  perfectly  colourless  solution  of  silicic  acid 
is  obtained,  which  may  be  boiled,  to  expel  the  excess  of  hydrosulphuric  acid,  without 
injury.  This  solution  is  very  acid,  and  when  neutralized  by  ammonia  or  potassii  it 
allows  gelatinous  silica  to  precipitate.  % 

Hydrates  of  silicic  acid.  —  When  the  last  solution  of  silica  in  hydrochloric  acid 
is  evaporated  in  vacuo  over  fragments  of  quicklime,  it  deposits  the  protohydrate  of 
silica,  SiO,+HO,  in  very  thin  crystalline  filaments,  grouped  in  stars,  which  are 
colourless,  transparent,  and  possessed  of  considerable  lustre.  This  is  also  the  com- 
position of  the  gelatinous  silica,  precipitated  from  an  alkaline  silicate,  when  allowed 
to  dry  in  air.  The  silica  has  first  the  appearance  of  a  transparent  jelly,  which  is 
tenacious,  and  cracks  on  drying,  forming  a  mass  like  gum.  When  this  hydrate  is 
dried  at  212*^,  one  half  of  the  water  escapes,  and  another  definite  hydrate,  2Si03+ 
HO,  remains  (Doveri).  Another  hydrate  was  obtained,  by  M.  Ebelmen,  by  the 
spontaneous  decomposition  of  silicic  ether,  of  which  the  composition  is2Si03+3IIO. 
At  370°  C.  (098°  F.),  silicic  acid  does  not  retain  more  than  a  trace  of  water. 
(Doveri :  Observations  on  the  Properties  of  Silica,  Annales  de  Chim.  et  de  Phys. 
xxi.  p.  40, 1847.) 

Hydrofluoric  acid  has  an  affinity  quite  peculiar  for  silica,  decomposing  it^  and  car- 
rying oflf  the  silicon^  in  the  form  of  the  volatile  fluoride  of  silicon :  — 

3HF  and  SiO,=  SiF,  and  SHO. 

The  water  of  springs  and  wells  always  contains  a  little  soluble  silica,  which  can 
only  be  separated  by  evaporating  the  water  to  dryness.  In  some  mineral  waters 
the  proportion  of  silica  is  very  considerable,  and  it  is  often  associated  with  an  alkaline 
carbonate,  which  silica  is  capable  of  decomposing  at  the  boiling  point;  as  in  the  hot 
alkaline  spring  of  Reikum  in  Iceland,  and  in  the  boiling  jets  of  the  Geyser,  which 
deposit  about  their  crater  an  incrustation  of  silica.  There  can  be  no  doubt  likewise 
that  much  of  the  crystalline  quartz  in  nature,  besides  all  the  agates,  calcedonies^  and 
eilicious  petrifactions,  have  been  formed  from  an  aqueous  solution. 

Silieales,  -^  Although  silica  has  no  acid  reaction,  it  is  certainly  an  acid,  and  is 
indeed  capable  of  displacing  the  most  powerful  of  the  volatile  acids  at  a  high  tempe- 
nture.  It  is  capable  of  uniting  with  metallic  oxides,  by  way  of  fusion,  in  a  great 
Tarietj  of  proportions.  Its  compounds  with  excess  of  alkali  are  caustic  and  soluble^ 
bat  those  with  an  excess  of  silica  are  insoluble,  and  form  the  varieties  of  glass, 
which  will  be  described  under  the  silicate  of  soda.  With  alumina  it  forms  the  less 
fusible  compounds  of  porcelain  and  stoneware,  which  will  be  noticed  under  that 
earth.  A  large  number  of  mineral  species  also  are  earthy  silicates.  It  seems 
probable  that  silicic,  like  phosphoric  acid,  forms  several  classes  of  salts,  of  which 
those  containing  the  largest  number  of  atoms  of  base  are  the  most  easily  decomposed 
by  acids.  At  the  same  time,  some  allatropic  difierence  may  be  suspected  between 
the  silicic  acid  itself,  as  it  exists  in  these  dififcrent  classes  of  salts,  such  as  there  is 
between  ignited  and  unignited  silicon.    [^See  Supplement,  pp.  777,  778.] 

The  formula  for  silicic  acid  is  not  very  certainly  established.  Most  chemists 
admit  it  to  bo  SiO^,  or  analogous  to  sulphuric  acid,  SO3,  and  then  the  equivalent 
of  silicon  is  266.7.  But  others  adopt  the  formula  SiOj,  considering  silicic  acid 
analogous  to  carbonic  acid,  CO2;  the  equivalent  of  silicon  then  becomes  177.8. 
The  last  view  is  most  in  accordance  with  the  density  of  silicic  ether  vapour.  On 
the  other  hand,  the  composition  of  two  intermediato  compounds  between  the  chloride 
of  silicon,  SiClt,  and  the  sulphide  of  silicon,  SiS,,  namely,  SiSCU  and  SiSgCl,  ia 
most  nmplj  represented  on  the  first  view.     (Is.  Pierre.)   • 
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SECTION   VII. 

SULPHUR. 

Eq.  16  or  200;  S;  at  600^,  density  of  vapour  6684,  and  combining  nuasure  lA 
volume;  at  1800°,  density  about  one-third  of  above,  and  eomlnning  mean 
1  volume  I    I . 

This  element  is  exhaled  in  large  quantity  from  volcanoes,  cither  in  a  pure  ah 
or  in  combination  with  h};drogony  and  by  condensing  in  fissures  forms  sulpl 
Teins,  from  which  the  greater  part  of  the  sulphur  of  commerce  is  derived.  (J 
Recherehes  sur  les  fumcrollcs,  par  MM.  Melloni  and  Piria :  Annales  de  Chim. 
de  Phys.  2de  s^.  Ixxiv.  331.)  It  exists  also  in  combination  with  many  metalfl, 
iron,  lead,  copper,  zinc,  &c. ;  and  is  sometimes  extracted  from  iron  pyrites  or  big 
phide  of  iron.  Sulphur  is  classed  with  oxygen  ;  and  the  higher  sulphides  resemi 
peroxides  in  losing  a  portion  of  their  sulphur,  as  some  of  the  latter  lose  a  portion 
their  oxygen,  when  strongly  heated.  Sulphur  is  likewise  extensively  difosed,  ■ 
constituent  of  the  sulphuric  acid,  in  gypsum  and  other  native  sulphates.  Thisf 
ment  also  enters  into  the  organic  kingdom,  being  invariably  associated  in  mim 
quantity  with  albuminous  or  protein  compounds. 

Properties.* — Sulphur  is  found  in  commerce  in  rolls,  which  are  formed  by  po 
ing  melted  sulphur  into  cylindrical  moulds,  and  also  in  the  form  of  a  fine  crystalE 
powder,  the  flowers  of  sulphur,  which  arc  obtained  by  throwing  the  vapour  of  i 
phur  into  a  close  apartment,  of  which  the  temperature  is  below  the  point  of  foi 
of  that  substance,  and  in  which  the  sulphur  therefore  condenses  in  the  solid  ft 
and  in  minute  crystals,  just  as  watery  vapour  docs  in  the  atmosphere  below  32*. 
the  form  of  snow.     The  purity  of  the  flowers  is  more  to  be  depended  upon  fi 
that  of  roll-sulphur.     Sulphur  is  insipid  and  generally  inodorous,  but  acquires 
odour  when  rubbed ;  it  is  very  friable,  a  roll  of  it  generally  emitting  a  crackl 
sound,  and  sometimes  breaking,  when  hckl  in  the  warm  hand.     Its  specific  gra< 
is  1.98.     It  fuses  at  234°,  forming  a  transj)arent  and  nearly  colourless  liquid,  wl 
is  lighter  than  the  solid  sulphur.  As  the  temperature  is  elevated,  the  liquid  beco 
more  yellow,  and  passes  abruptly  into  a  dark  brown  at  482°.     These  allatropic  ' 
ditions  are  distinguished  by  Frankenheim  as  Sa  and  Sf3.     In  the  last  state  it  i 
thick  and  viscous  as  to  flow  with  difficulty.     This  change  in  its  degree  of  fluid!) 
not  occasioned  by  an  increase  of  density,  for  fluid  sulphur  continues  to  expand  ^ 
the  temperature.     Thrown  into  water,  while  in  this  condition,  sulphur  forms  a  } 
which  remains  soft  and  transparent  for  some  time  after  it  is  perfectly  cool,  and 
be  drawn  into  threads  which  have  considerable  elasticity.     From  500°  to  its  bo 
point,  788°,  when  it  is  distinguished  as  Sy,  it  becomes  again  more  fluid,  ai 
allowed  to  cool  returns  through  the  same  conditions,  becoming  again  very ! 
before  freezing.     Sulphur  has  considerable  volatility,  beginning  to  rise  in  vi 
before  it  is  completely  fused.     At  its  boiling  point  it  forms  a  transparent  vapo 
an  orange  colour,  and  distils  over  unchanged.     The  density  of  this  vapour,  tal 
little  above  its  boiling  point,  is  very  considerable,  being  observed  to  lie  be< 
6510  and  6617  by  Dumas,  to  be  6900  by  Mitscherlich.     These  results  indicat 
unusual  combining  measure  of  l-3d  of  a  volume  for  this  vapour,  which  give 
theoretical  density  GG34.     But  sulphur-vapour  has  lately  been  shown  by  M.  B 
to  be  one  of  those  bodies  of  which  the  density  changes  with  the  temperature 
132),  and  to  fall  at  1000°  C.  under  ordinary  pressure  to  about  one-third  of  w 
is  about  450°  or  500°  C.     The  anomaly  of  its  density  is  thus  removed,  at 
combining  measure  of  sulphur-vapour  made  to  be  1  volume,  or  the  same  as  oi 

Sulphur  and  many  other  substances  may  be  obtained  in  distinct  crystals,  on 
ing  from  a  state  of  fusion,  by  operating  in  a  particular  manner.  A  coosid 
quantity  of  sulphur  is  fused  in  a  stoneware  crucible,  and  allowed  to  cool  till  it  ^ 
to  solidify ;  the  solid  cxaist  which  covers  its  surface  is  then  broken^  and  the  J 

♦  [See  Supplement,  p.  775.] 
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remaining  fluid  poured  out.  On  afterwards  breaking  the  crucible,  wben  it  has  be- 
come quite  cold,  the  sulphur  is  found  to  have  a  considerable  cavity,  which  is  lined 
with  fine  crystals,  like  a  geode  in  quartz.  Sulphur  is  dimorphous ;  the  form  which 
it  assumes  at  a  high  temperature,  and  consequently  in  its  passage  from  a  state  of 
fusion,  is  a  secondary  modification  of 

an  oblique  prism  with  a  rhomboidal  ^^Q-  ^^' 

base  (fig.  135),  belonging  to   the 
fifth     System     of    crystallization 
(page  144).     Sulphur  is  soluble  in     v;^.^  ^^^^^  v^^'/l 
the  sulphide  of  carbon,  the  chloride 
of  sulphur  and  oil  of  turpentine,  and  is  deposited  from  solution  in  these  menstrua 

at  a  lower  temperature,  and  of  its  seeoud 
Fio.  186.  form,  which  is  an  elongated  octohedron 

with  a  rhomboidal  base  (fig.  136),  be- 
longing to  the  Third  System.  Such  is 
likewise  the  form  of  the  grains  of  flowers 
of  sulphur,  and  of  the  fine  transparent 
crystals  of  native  sulphur;  which  last 
\W       ^^ll^     ^kl^      appear  also  to  be  formed  by  sublimation. 

Sulphur  is  not  soluble  in  water  nor  in 
alcohol.  It  combines  readily  with  most 
metals ;  some  of  tnem,  such  as  copper  and  silver  in  very  thin  plates,  burning  in  its 
vapour,  as  iron  docs  in  oxygen  gas.  When  iron  and  some  other  metals  are  mixed 
in  a  state  of  division  with  flowers  of  sulphur,  and  heat  applied,  the  sulphur  first 
melts,  and  after  a  few  seconds  combination  ensues  with  turgesccnce  of  the  mass, 
which  becomes  red-hot.  Sulphur  unites  with  bodies  generally  in  the  same  multiple 
proportions  as  oxygen,  and  sometimes  in  additional  proportions,  particularly  with 
potassium,  and  the  metals  of  the  alkalies  and  alkaline  earths.  When  boiled  with 
caustic  potassa  or  lime,  red  solutions  are  formed  which  contain  a  large  quantity  of 
sulphur,  a  considerable  proportion  of  which  is  deposited  as  a  white  hydrate  of  sul- 
phur, upon  the  addition  of  an  acid.  With  hydrogen,  sulphur  unites  in  single  equi- 
valents, and  forms  hydrosulphuric  acid  gas,  which  is  the  analogue  of  water  in  the 
Bulphur  scries  of  compounds;  and  also  another  compound,  the  bisulphide  of  hydro- 
gen, which  is  deficient  in  stability,  like  the  binoxido  of  hydrogen,  and  is  decomposed 
or  preserved  by  similar  agencies. 

Sulphur  is  readily  inflamed,  taking  fire  below  its  boiling  point,  and  burning  with 
a  pale  blue  flame  and  the  formation  of  sufibcating  fumes,  which  are  sulphurous  acid 
gas.  It  exhausts  the  oxygen  of  a  confined  portion  of  air  by  its  combustion  more 
completely  than  carbonaceous  combustibles,  and  on  that  account,  and  partly  also 
from  a  negative  influence  which  sulphurous  acid  has  upon  the  combustion  of  other 
bodies,  it  may  be  employed  in  particular  circumstances  to  extinguish  combustion ;  a 
handful  of  lump  sulphur  being  dropped  into  a  burning  chimney  as  the  most  effectual 
means  of  extinguishing  it.  Sulphur  unites  directly  with  oxygen  only  in  the  propor- 
tion of  sulphurous  acid,  but  several  compounds  of  the  same  elements  may  be  formed^ 
which  are  all  acids;  namely — 

1.  Sulphurous  acid  S  Og 

2.  Hyposulphurous  acid Sg  Og 

8.  Sulphuric  acid S   O9 

4.  Hyposulphurio  add  % S2  O5 

5.  Monosul-hyposulphuric  acid Sj  Os 

6.  Bisul-hypoBulphurio  acid  S4  Os 

7.  Trisul-hyposulphuric  acid S5  Of 

ITmi.— From  its  ready  inflammability  sulphur  has  long  been  applied  to  wood 
matches.    But  its  most  considerable  applications  are  in  me  composidon  of  gun- 
powder and  other  deflagrating  mixtures,  and  in  the  manufacture  of  sulphuric  acid, 
which  there  will  again  w  occasion  to  notice  in  a  more  particular  manner. 
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BCLpnuBoca  acid. 


Eq.  32  or  400 ;  SOj ;  densifif  of  gat  2247 ;  combining  n 
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Sulpharoua  acid  wna  distinguiahed  aa  a  particular  subatance  hj  Stahl^. 
recognised  as  a  gas  bj  Dr.  Pneatley.  It  was  Bubseqnontly  analyzed  with ; 
by  GBy-Luasac  and  by  Beraclius. 

Preparation.  —  WheD  BulpUur  is  burned  in  dry  air  or  oxygen  gaa,  sdl 
acid  is  tlic  solo  product,  and  the  gas  is  found  to  bavc  undergone  no  ctui^ 
lume.  But  sulphurous  acid  is  more  coDTeuicutly  prepared  in  kboratories  1; 
Other  processes. 


Fig.  137. 


(1.)  An  intimate  miiture  of  6 
binosidc  of  manganese  and  1  part  a 
of  sulpliuT  is  heated  in  a  small  rehx* 
33  (fig.  137 ;)  the  gas  is  carried  t3 
vash-bottle  to  arrest  a  little  vapon 
phur  whieb  is  earned  over.     Hero 
phur  is  burnt  at  the  expense  of  a  pi 
'  the  oxygen  of  the  hinoxidc  of  mi 
Sulphurous  acid,  which  is  the  proda 
combustion,  escapes,  and  protoxide 
gHuse  remaina  in  the  retort.    (Regnault). 

S  and  2  MnOj=SO,  and  2  MaO. 
(2.)  By  heating  oil  of  vitriol  upon  merenry  or  copper,  either  of  which 
an  oxide  at  the  expense  of  one  portion  of  the  sulphuric  acid,  and  thereby  a 
formation  of  sulphurous  acid.  Sheet  copper  cut  into  small  pieces  is  put  iu 
t«  which  undiluted  oil  of  vitriol  is  added,  and  a  modemte  heat  applied.  T 
carried  through  a  bottle,  containing  a  little  water  to  condense  the  vapour  of  I 
«eid,  of  which  a  little  is  carried  over,  and  afterwards  through  a  tube  coutua 
ride  of  calcium,  if  it  is  desired  to  dry  the  gas. 

(3.)  Charcoal,  chips  of  wood,  straw,  and  such  bodies,  occasion  a  simila 
position  of  sulphuric  acid,  when  heated  with  it,  but  the  gas  is  then  mat 
large  quantity  of  carbonje  acid.  If  tlie  sulphurous  acid,  however,  ia  to  b 
impregnate  water,  or  in  malting  alkaline  sulphites,  the  presence  of  that  gai 
terial.  With  that  object,  a  quantity  of  oil  of  vilriol,  equal  in  volume  to 
measures  of  water,  which  for  brevity  may  be  spoken  of  as  4  ounce  meosai 
of  vitriol,  is  introduced  into  a  Saak  with  half  an  ounce  of  pounded  wood- 
and  the  two  subst^mces  well  mixed  with  agitation  (fig.  13.S).  Effervesca 
place  upon  applying  heat  to  the  flask,  from  the  I 
of  gas,  which  may  be  conducted  in  the  first  inab 
an  intermediate  phial,  through  the  cork  of  whiol 
tube  passes,  open  at  both  ends,  and  about  3-81 
inch  in  internal  diameter.  This  phial  conl^os 
ounce  of  water,  into  which  the  wider  tube  dipt, 
tube  from  the  flask  descends  still  lower.  The  pU 
the  purpose  of  a  wash-bottle  in  condensing  any  i 
acid  vapour  that  may  be  carried  over  by  the  gf 
intercepting  the  liquid  material  in  the  flask,  if  da 
by  ebullition,  and  also  of  preventing  the  liqni< 
second  bottle  frnm  passing  back,  by  the  glasa  t 
the  generating  flask,  on  the  occurrence  of  a  co 
I  of  the  air  in  that  flask,  by  cooling  or  any  otb< 
'  When  that  contraction  happens  in  this  amnKen 
external  air  enters  the  intermediate  phial  bj 
tube.  The  second  bottle  is  nearly  filled  with  «■ 
impegnatod  by  the  gaa. 
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Properties. — Water  at  60^  is  capable  of  dissolving  nearly  50  times  its  volume 
of  sulphurous  acidy  which  makes  it  necessary  to  collect  this  gas  for  examination  by 
displacement  of  air,  or  in  jars  filled  with  mercury  in  the  mercurial  trough.  Its 
density  is  2247,  and  it  contains  2  volumes  of  oxygen  with  1  volume  of  sulphur 
Tapour  (density  2211),  condensed  into  2  volumes,  which  form  its  combining  mea- 
sure. It  may  easily  be  obtained  in  the  liquid  state  by  transmitting  the  dry  gas 
obtained  by  the  first  or  second  process  through  a  U-shaped  tube,  surrounded  by  a 
freezing  mixture  of  ice  and  salt,  or  better,  of  ice  and  chloride  of  calcium.  It  forms 
a  colourless  and  very  mobile  liquid,  of  sp.  gr.  1.45,  which  boils  at  14^.  The  vola- 
tility of  this  liquid  is  small  at  considerably  lower  temperatures,  and  it  is  not  appli- 
cable with  advantage  to  produce  intense  cold  by  its  evaporation  (Kemp).  Sulphurous 
acid  crystallizes  from  a  saturated  solution  in  water,  at  a  temperature  of  4  or  5  de- 
grees above  32^,  in  combination  with  72  per  cent,  of  water  or  9  equivalents, 
SO2+9IIO  (Pierre,  Ann.  de  Chim.  ct  Phys.  3  ser.  23.416). 

Sulphurous  acid  is  not  decomposed  by  a  high  temperature;  but  several  substanceSy 
such  as  carbon,  hydrogen,  and  potassium,  which  have  a  strong  affinity  for  oxygeUi 
decompose  it  at  a  red  heat.  This  acid  blanches  many  vegetable  and  animal  coloursi 
•^thus  violets  plunged  for  a  short  time  into  a  solution  of  sulphurous  add  become 
completely  white ;  and  the  vapours  of  burning  sulphur  are  therefore  employed  to 
whiten  straw  and  to  bleach  silk,  to  which  they  also  impart  a  peculiar  gloss.  The 
colours  are  not  destroyed,  and  may  in  general  be  restored  by  the  application  of  a 
stronger  acid  or  an  alkali.  Dry  sulphurous  acid  exhibits  no  affinity  for  oxygen,  but 
in  contact  with  a  little  water  these  gases  slowly  combine,  and  sulphuric  acid  is  formed. 
From  the  same  affinity  for  oxygen,  sulphurous  acid  deprives  the  solution  of  perman- 
ganate of  potassa  of  its  red  colour,  and  throws  down  iodine  from  iodic  acid.  It 
decomposes  the  solutions  of  those  metals  which  have  a  weak  affinity  for  oxygen,  such 
as  gold,  silver,  mercury  (with  heat),  and  throws  down  these  bodies  in  the  metallio 
state.  Sulphurous  acid  is  conveniently  withdrawn  from  a  gaseous  mixture  by  means 
of  peroxide  of  lead,  which  is  converted  by  absorbing  this  gas  into  the  white  sulphate 
of  lead.  By  nitric  acid,  sulphurous  acid  is  immediately  converted  into  sulphurio 
add. 

Sulphites. — The  alkaline  sulphites  have  a  considerable  resemblance  to  the  cor- 
responding sulphates.  Their  acid  is  precipitated  by  the  chloride  of  barium,  but  the 
sulphite  of  baryta  is  dissolved  by  hydrochloric  acid.  When  in  solution  the  sulphites 
gndoally  absorb  oxygen  from  the  air,  and  pass  into  sulphates.  Sulphurous  acid  is 
a  weak  add,  and  its  salts  are  decomposed  by  most  other  acids. 

Uses. — Besides  the  application  of  which  sulphurous  acid  is  susceptible  in  bleachingi 
it  is  likewise  employed  in  French  hospitals,  in  the  treatment  of  diseases  of  the  skin. 
The  gas  is  then  applied  in  the  form  of  a  bath.  (Dumas,  Traits  de  Chimie  appliquee 
aux  ArtSy  i.  151). 

This  oxide  of  sulphur,  besides  acting  as  an  acid,  has  been  supposed  to  play  the 
part  of  a  radical,  like  carbonic  oxide,  and  to  pervade  a  class  of  compounds,  in  which 
hyposolphurous  acid  and  sulphuric  acid  are  included:  — 

6ULPHUBOU8  ACID   SERIES. 

Sulphurous  acid SOg 

Sulphuric  acid SO^+O 

Hyposulphurous  acid SO2+S 

Chlorosulphnric  acid SO2+GI 

Nitrosulphuric  acid SOj+NOg 

Azotosulphurio  add 2S02+NOs 

BULPnURIO  ACID. 

Bf.  40  or  500;  SO,j  densitif  of  vapour  2762;  [    |    | 

Chemista  bate  been  in  possession  of  processes  for  preparing  this  add  since  tha 
and  of  the  fifteenth  century.    It  is  of  idl  reagents  the  one  in  most  frequent  usO| 
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IN  bcin^  the  key  to  the  preparation  of  most  other  acids;  which,  in  conseqiiei 

\  superior  affinities,  it  separates  from  their  combinations ;  and  being  the  acid 

to  cithers,  from  its  cheapness,  for  various  useful  and  important  purposes  ia 
•  Preparation. — Sulphuric  acid  was  first  obtained  by  the  distillation  of  gR 
or  copperas,  a  native  sulphate  of  iron,  and  this  process  is  still  followed  in  \ 
for  the  preparation  of  a  highly  concentrated  acid,  known  as  the  Nordhai 
from  being  long  produced  at  Nordhauscn  in  Saxony.  The  sulphate  of  iron 
seven  eciuivalents  of  water,  and  is  first  dried,  by  which  its  water  is  reduced 
ably  below  a  single  equivalent,  and  then  distilled  in  a  retort  of  stonewan 
heat.     When  the  experiment  is  performed  on  a  small  scale,  the  heat  of  a 

I  spirit-lamp  is  sufficient ;  and  in  the  place  of  copperas,  the  sulphate  of  iron  j 

peroxidized,  the  sulphate  of  bismuth,  of  antimony,  or  of  mercury,  may  be  c 
IS.  i\  The  first  effect  of  heat  upon  the  dried  sulphate  of  iron  is  to  cause  an  ew 

I  sulphurous  acid  gas,  a  portion  of  sulphuric  acid  being  decomposed  in  convi 

i  protoxide  of  iron  of  that  salt  into  sesquioxide, 

2  (FeO.SOa)  =  SO2  and  SO,  and  FeAj 

but  the  salt  used  in  Bohemia,  it  appears,  is  a  native  sulphate,  in  which  d 
part  of  the  iron  is  already  in  the  state  of  sesquioxide,  so  that  little  sulpha 
is  lost.  Vapours  afterwards  come  over,  which  condense  into  a  fuming  liqi 
rally  of  a  black  colour,  and  of  a  density  about  1.9,  which  is  the  Nordhai 
and  contains  less  than  one  equivalent  of  water  to  two  of  sulphuric  acid, 
is  preferred  for  dissolving  indigo,  and  for  some  other  purposes  in  the  artii,  ] 
best  source  of  anhydrous  sulphuric  acid. 

But  sulphuric  acid  is  prepared,  in  vastly  greater  quantity,  by  the  ozi 
sulphur.  When  burned  in  air  or  oxygen,  sulphur  does  not  attain  a  hig^ 
of  oxidation  than  sulphurous  acid,  but  an  additional  proportion  of  oxjge 
communicated  to  it  by  two  methods,  and  sulphuric  acid  formed. 

1.  When  a  mixture  of  sulphurous  acid  and  air,  which  must  be  previoc 
is  made  to  pass  over  spongy  platinum,  or  a  ball  of  clean  platinum  wire, 
temperature,  the  sulphurous  acid  is  converted  into  sulphuric  acid  at  the  e 
the  oxygen  of  the  air.  After  a  time,  however,  the  platinum  loses  this  pro 
the  pr(K.*ess,  although  interesting  in  a  scientific  point  of  view,  does  not  1 
account  of  that  change,  as  a  manufacturing  method. 

2.  Sulphurous  acid  mixed  with  air  may  be  converted  into  sulphuric  ac 
agency  of  nitric  oxide,  which  is  the  process  generally  pursued  in  the  mi 
of  this  acid.  The  theory  of  this  latter  method,  which  is  by  no  means  oh 
been  illustrated  by  the  researches  of  Clement-Dcsormes,  Davy,  I)e  la  P 
and  others.     It  is  generally  considered  as  d(.*i>ending  upon  the  following  rei 

1.  When  binoxide  of  nitrogen  NO2  mixes  with  air  in  excess,  it  is  inst 
verted  into  peroxide  of  nitrogen  NO4. 

2.  Peroxide  of  nitrogen  is  converted  by  contact  with  a  email  quantity 
into  the  nitrate  of  water  and  nitrous  acid. 

2NO4  and  U0= IIO.no*  and  NO3. 

3.  Nitrous  acid  in  contact  with  a  large  quantity  of  water  is  converted  ii 
uf  water  and  binoxide  of  nitrogen. 

3NO3  and  water  in  excess=H0.N05+ Water  and  2NO2. 

Consequently,  uniting  the  hist  two  operations,  peroxide  of  nitrogen  is  coi 
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by  tlie  latter  into  snlphnrio  acid.  It  thus  appears  that  with  a  sufficient  supply  of 
air  or  oxygen,  a  small  quantity  of  nitric  acid  (or  of  binoxide  of  nitrogen)  may  con- 
vert a  large  quantity  of  sulphurous  acid  into  sulphuric  acid.  The  binoxide  of  nitrogen, 
only  acting  as  a  purveyor  of  oxygen,  is  re-obtained  entire,  without  loss,  at  the  end 
of  the  process.  The  sulphurous  has  derived  the  oxygen  necessary  to  convert  it  into 
sulphuric  acid,  really  from  the  air,  but  in  an  indirect  manner. 

In  the  manufacture  upon  the  large  scale,  the  sulphurous  acid  is  converted  into 
salphuric  acid,  in  oblong  chambers  of  sheet-lead,  supported  by  an  external  framework 
of  wood.  Sulphurous  acid  from  burning  sulphur,  nitric  acid  vapour,  and  steam,  are 
simultaneously  admitted  into  the  leaden  chamber ;  and  the .  sulphuric  acid  formed 
iccumulates  in  the  liquid  state  upon  the  floor  of  the  chamber.  The  diagram  below 
represents  one  of  the  forms  of  the  chamber,  with  its  appendages. 

Fio.  139. 


a  represents  the  water  boiler  with  its  furnace,  for  supplying  the  chamber  with 
steam ;  6,  the  section  of  a  small  chamber  in  brickwork,  or  furnace,  called  the  burner, 
apon  the  floor  of  which  the  sulphur  bums,  and  in  which  there  is  a  tripod  supporting 
an  iron  capsule,  which  contains  the  materials  for  nitric  acid,  namely,  oil  of  vitriol, 
and  either  nitre  or  nitrate  of  soda.  The  heat  of  the  burning  sulphur  evolves  the 
nitric  acid  from  these  materials,  and  consequently  the  sulphurous  acid  becomes 
mixed  with  nitric  acid  vapour,  which  it  carries  forward  with  it,  by  a  tube  represented 
in  the  figure,  into  the  chamber,  where  these  acid  vapours  meet  with  the  steam 
admitted  near  the  same  point,  and  the  formation  of  sulphuric  acid  takes  place.  The 
nitric  acid  vapour  is  equivalent  to  binoxide  or  to  peroxide  of  nitrogen,  as  the  first 
effect  of  the  sulphurous  acid  is  to  reduce  the  nitric  acid  to  a  lower  state  of  oxidation. 
From  8  to  19  parts  of  sulphur  are  consumed  in  the  burner  for  1  part  of  nitrate  of 
aoda  decomposed  there,  so  that  the  quantity  of  nitrous  fumes  is  small  compared  with 
the  quantity  of  sulphurous  acid  thrown  into  the  chamber.  The  chamber  represented 
ia  72  feet  in  length  by  14  in  breadth,  and  10  in  height,  and  is  divided  into  three 
oompartments,  by  leaden  curtains  placed  across  it,  two  of  which,  d  and  /,  are  sus- 
pended from  the  roof,  and  reach  to  within  six  inches  of  the  floor,  and  one,  e,  rises 
from  the  floor  to  within  six  inches  of  the  roof :  ^  is  a  leaden  conduit  tube,  for  the 
lischarge  of  the  uncondensible  gases,  which  should  communicate  with  a  tall  chimney, 
to  carry  off  these  gases  and  to  occasion  a  slight  draught  through  the  chamber.  The 
curtains  serve  to  detain  the  vapours,  and  cause  them  to  advance  in  a  gradual  manner 
through  the  chamber,  so  that  the  sulphuric  acid  is  deposited  as  completely  as  pos- 
rible,  before  the  vapours  reach  the  discharge  tube.  When  the  oxygen  of  the  chamber 
is  exhausted,  the  admission  of  acid  vapours  is  discontinued,  till  the  air  in  it  is 
renewed.  But  the  admission  of  air  to  the  chamber  is  generally  so  regulated,  that  a 
Kmtinuous  current  is  maintained  through  the  chamber,  and  the  combustion  proceeds 
irithout  interruption.  When  steam  is  admitted  in  proper  quantity,  as  in  this  method, 
il  is  not  necessary  to  begin  by  covering  the  floor  with  water. 

The  acid  may  be  drawn  off  from  the  floor  of  the  chamber  of  a  sp.  gr.  as  high  as 
1.6.  It  is  further  concentrated  in  open  leaden  pans,  till  it  begins  to  act  upon  the 
metal,  and  afterwards  in  retorts  of  platinum  or  glass.  It  still  retains  small  quantities 
of  nitrous  acid  and  sulphate  of  lead,  from  which  it  can  be  completely  purified  by 
dilution  with  water  and  a  second  distillation.  The  acid  thus  obtained,  in  its  most 
K>ncentrated  state,  is  a  definite  compound  of  one  eq.  acid  and  one  eq.  of  water, 
HO.SOt,  which  last  cannot  be  separated  by  heat,  the  hydrate  distilling  over  un« 
rhanged.    It  is  the  Oil  of  Vitriol  of  commeice. 
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D  of  tlie  leaden  chamber  is  greatl;  Tariecl;  one  cbamlia 
i  is  oAea  used  without  on;  division  by  curtains;  or  the  mpcmi 
BUCceBBivcij  tbroagh  a.  series  of  tbrec,  four,  or  five  connected  chamhcn. 
phurons  acid,  also,  is  often  derived  from  the  combustion  of  bisolphido  of  | 
pyrites),  inEjtcad  of  sulphur;  a  peculiar  kiln  or  Sue  being  employed  for  fan 
former.  At  the  suggestion  of  Gay-Lussac,  the  nitrons  vapotir,  as  it  ■ 
leaves  the  chamber  with  the  air  exhausted  of  oxygen,  is  absorbn^d  by  beii^ 
pass  through  a  column  of  coke,  over  which  a  stream  of  the  concentrated  i 
acid  is  flowing.  The  sulphuric  acid,  after  being  charged  with  nibtnis  t 
nitric  acid,  is  transported  back  to  the  anterior  part  of  the  chamber,  and 
posed  to  the  sulphuroua  acid,  as  the  latter  leaves  the  sulphur  burner.  Thia 
denitralei  the  sulpLurio  acid,  much  sulphurous  acid  becoming  sulpburio 
peroxide  of  nitrogen  being  liberated  in  the  state  of  vapour.  (See  Kuapp'i ' 
Technology,  edited  by  Drs.  Itonalds  and  Richardson,  i.  234,  Am.  ed,). 

When  the  supply  of  aqueous  vapour  in  the  chamber  is  insufficient,  a  ir 
talline  compound  appears,  known  as  the  crystalline  substance  of  the  leaden  cl 
it  is  deposited  most  frequently  in  the  tube  by  which  two  chambers  commoit 
contains  the  elements  of  2  cq.  sulphuric  acid,  and  1  eq.  nitric  acid,  2SQ 
but  several  other  views  of  the  arrangement  of  its  elements  may  be  entertH 
equal  probability.  This  substance,  which  is  also  termed  azoto-sulpburic  acid 
is  decomposed  by  wat«r,  and  gives  sulphuric  acid,  nitrio  acid,  and  tno 


3(S,N0|}  and  7HO=6(HO.SOj)  and  HO.NO.,  and  2N0,. 

The  formation  of 
*■">■  ^*'*-  talline  substance,  an 

neral  operation  of  d 
chamber,  may  be  9 
by  the  ommgeiDent  h 
Binoxidc  of  nitrosBl 
by  the  action  of  dill 
acid  on  copper  in  tbi 
tie  C,  and  aulphni 
evolved  by  the  actio 
per  clippings  on  can 
sulphuric  acid  in  tlu 
are  conveyed  into  a  h 
globe,  A,  contain 
Kuddy  fumes  of  pel 
nitrogen  first  appear, 
the  inner  surface  oft 
'  is  frosted  over  with  i 

talline  compound.  If  steam  or  water  be  now  introduced,  by  one  of  the  6 
the  crystals  disappear  with  ofFervosceace,  from  escape  of  gas,  sulphuric  Mi 
duced,  and  the  changes  are  repeated  till  the  air  in  A  is  exhausted. 

Properties. — Anhydrous  sulphuric  acid  is  obtained  by  gently  heating  tb 
acid  of  Nordhauscn  in  a  retort,  and  receiving  its  vapour  in  a  bottle  arti&iall 
which  can  afterwards  be  closed  by  a  glass  stopper.  It  condenses  in  sobd  fll 
asbestos,  which  are  tenacious,  and  may  be  moulded  by  the  fingers  like  wi 
density  of  the  solid  at  68"  is  1.97  :  at  77°  it  is  liquid;  and  a  little  abovB  I 
peratnre  it  enters  into  ebullition,  affording  a  colourless  vapour,  which  proda 
white  fumes  on  mixing  with  air,  by  condensing  moisture.  The  dry  arid 
redden  litmus,  an  effect  which  requires  the  presence  of  moisture.  It  comb 
gnlphnr,  and  produces  liquid  compounds,  which  are  of  a  brown,  green, 
oolonr,  and,  with  one-tenth  of  its  weight  of  iodine,  forms  a  compound  of  a  I 
oolour,  which  assumes  the  crystalline  form.  Heated  in  the  am  n^Kmr,  «m 
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or  baryta  inflames  and  burns  for  a  few  seconds;  the  vapour  is  absorbed,  and  sulphate 
of  lime  or*  baryta  formed.  The  anhydrous  acid  has  a  great  affinity  for  water,  and 
when  dropped  into  that  liquid,  occasions  a  burst  of  vapour  from  the  heat  evolved. 
The  density  of  its  vapour  was  found  to  be  8000  by  Mitscherlich,  but  it  is  probably 
2762,  and  formed  of  3  volumes  of  oxygen  and  1  volume  of  sulphur  vapour  con- 
densed into  2  volumes,  which  constitute  its  combining  measure.  This  vapour  is 
resolved  by  a  strong  red  heat  into  sulphurous  acid  and  oxygen.* 

When  the  Nordhausen  acid  is  retained  below  32^,  well-formed  crystals  appear  in 
it,  which  j\Iitscherlich  finds  to  be  a  compound  of  two  equivalents  of  acid  and  one 
of  water,  or  2SO3  +  HO.  (Eltoens  de  Chimie,  par  E.  Mitscherlich,  t.  ii.  p.  67). 
This  compound  is  resolved  by  heat  into  the  anhydrous  acid,  which  sublimes,  and 
the  first  hydrate,  or  oil  of  vitriol. 

The  most  concentrated  oil  of  vitriol  of  the  leaden  chambers  (HO+SO3)  is  a 
dense,  colourless  fluid  of  an  oily  consistence,  which  boils  at  620^,  and  freezes  at 
— 29^,  yielding  often  regular  six-sided  prisms  of  a  tabular  form.  It  has  a  specific 
gravity  at  60^  of  1.845.  It  is  a  most  powerful  acid,  supplanting  all  others  from 
their  combinations,  with  a  few  exceptions,  and  when  undiluted  is  highly  corrosive. 
It  chars  and  destroys  most  organic  substances.  It  has  a  strong  sour  taste,  and  red- 
dens litmus  even  though  greatly  diluted.  Sulphur  is  soluble  to  a  small  extent  in 
the  concentrated  acid,  and  communicates  a  blue,  green,  or  brown  tint  to  it ;  so  are 
selenium  and  tellurium.  Charcoal  also  appears  to  be  slightly  soluble  in  this  acid| 
imparting  to  it  a  pink  tint,  which  afterwards  becomes  reddish-brown.  The  concen- 
trated acid  has  a  great  affinity  for  water,  which  it  absorbs  from  the  atmosphere,  and 
is  usefully  employed  to  dry  substances  placed  near  it  in  vacuo.  Considerable  heat 
is  evolved  in  its  combination  with  water :  when  4  parts  by  weight  of  the  concentrated 
acid  are  suddenly  mixed  with  1  part  of  water,  the  temperature  rises  to  300^.  AVhen 
diluted  with  about  thirty  times  its  weight  of  water,  sulphate  of  water  HO.SO3, 
evolves  heat,  which  may  be  represented  by  23  degrees;  while  HO.SO3+HO, 
similarly  diluted,  evolves  14  degrees,  or  9  degrees  less,  and  HO.SO3+5HO,  5 
degrees  only,  or  18  degrees  less.  Hence  the  first  equivalent  of  water  which  com- 
bines with  oil  of  vitriol  appears  to  evolve  as  much  heat  as  the  following  four  equiva- 
lents ^Mem.  Chem.  Soc.,  i.  107).  In  a  series  of  valuable  experiments  bv  M.  Abna, 
but  which  do  not  admit  of  being  compared  with  the  preceding,  he  obtained  the 
fallowing  results  (Annales  de  Ch.  et  Ph.,  3  s^r.,  xii.  171) : — 

Quantities  of  heat  disengaged  by  the  combination  of  sulphate  of  water,-— 

"With  1  eq.  water 64.25  degrees. 

2  "        94.69        « 

3  "        113.06        " 

4  "        124.43        " 

5  «        131.66        « 

Excess        165.63        " 

The  anhydrous  acid  SO3  disengaged  237.13  donees  in  combining  with  an  excess 
of  water.  The  value  of  these  last  degrees,  or  the  unit  of  heat,  is  the  quantity  of 
heat  required  to  heat  up  1  gramme  (15.434  grs.)  of  water  1^  Centigrade.  Abria 
concludes  that  in  the  combination  of  anhydrous  sulphuric  acid  with  water,  the  quan- 
tities of  heat  successively  disengaged  by  the  diflerent  equivalents  of  water  have  a 
multiple  relation,  and  correspond  very  closely,  for  the  first  equivalents,  with  the 
numbers — 

1>    h    h    A*    iV>    iV- 

The  denaty  of  sulphuric  acid  becomes  always  less  by  dilution,  but  not  exactly  in 
the  ratio  of  the  water  added.  (Table  of  Densities  of  Sulphuric  Acid,  in  Appendix). 

Acid  of  densi^l.TS  is  the  second  definite  hydrate,  containing  two  eq.  of  water 
to  one  of  acid.  Thas  hydrate  forms  large  and  regular  crystals,  even  a  little  above 
the  teeBDg  point  of  water^  and  was  observed  by  Mr.  Keir  to  remain  solid  till  the 
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temperature  rose  to  45^.  If  the  dilate  acid  is  evaporated  at  a  heat  nqt  exceeffing 
400^,  its  water  is  reduced  to  the  proportion  of  this  hydrate.  This  second  cq.  of 
water  is  expelled  by  a  higher, temperature,  but  the  fii^t  eq.  can  only  be  separated 
from  the  acid  by  a  stronger  base.  Sulphuric  acid  forms  still  a  third  hydrate,  of  sp. 
gr.  1.632,  containing  three  cq.  of  water,  the  proportion  to  which  the  water  of  a 
more  dilute  acid  is  reduced,  by  evaporation  in  vacuo  at  212^.  It  is  also  in  the  pro- 
portions of  this  hydrate  that  the  acid  and  water  undergo  the  greatest  condensationi 
or  reduction  of  volume,  in  combining.  The  following,  then,  are  the  formulsc  of  the 
definite  hydrates  of  this  acid,  including  that  derived  by  Mitscherlich  from  tbo 
Nordhausen  acid : — 

HTDRATES  OF  BULFHURIO  ACID. 

Hydrate  in  the  Nordhausen  acid H0.2SOs 

Oil  of  vitriol,  (sp.  gr.  1.845) 1 HO.SO, 

Acid  of  sp.  gr.  1.78 HO.SO,+HO 

Acid  of  sp.  gr.  1.632 H0.S0,+2H0 

The  composition  of  a  hydrate  of  sulphuric  acid  is  ascertained  by  adding  a  knowil 
treight  of  oxide  of  lead  to  the  liquid,  in  a  capsule,  and  evaporating  to  dryness.  As 
the  sulphuric  acid  abandons  all  its  water  on  combining  with  oxide  of  lead,  and  the 
sulphate  of  lead  may  be  heated  without  decomposition,  the  increase  of  weight  which 
the  oxide  on  the  capsule  undergoes  is  precisely  the  quantity  of  dry  sulphuric  acid  in 
the  hydrate  examined. 

Sulphuric  acid  acts  in  two  different  modes  upon  metals,  dissoh'ing  some,  such  la 
6opper  and  mercury,  with  the  evolution  of  sulphurqius  acid,  and  others,  such  as  zino 
and  iron,  with  the  evolution  of  hydrogen  gas.  The  metal  is  oxidated  at  the  expense 
of  the  acid  itself  in  the  one  case,  and  of  the  water  in  combination  with  the  acid  in 
the  other.  The  acid  acts  with  most  advantage  in  the  first  mode  when  conoentzated, 
and  in  the  second  when  considerably  diluted. 

The  presence  of  sulphuric  acid  in  a  liquid  may  always  be  discovered  by  meani 
of  chloride  of  barium,  which  produces  with  this  acid  a  white  precipitate  of  sulphati 
of  baryta,  insoluble  in  both  acids  and  alkalies. 

Sulphates.  —  Of  no  class  of  salts  do  chemists  possess  a  more  minute  knowlede 
than  of  the  sulphates.  The  sulphates  of  zinc,  magnesia,  and  other  members  of  to 
magncsian  family,  correspond  closely  with  the  hydrate  of  sulphuric  acid.  Thus  0 
the  seven  eq.  of  water  which  the  crystallized  sulphate  of  magnesia  possesses,  it  retain 
one  at  400°,  and  is  then  analogous  to  the  sulphate  of  water  of  sp.  gr.  1.78 }  tfa 
formula  of  these  two  salts  being, 

MgO.SOs+HO, 
HO.SO3+HO, 

and  the  eq.  of  water  in  both  salts  may  be  replaced  by  sulphate  of  potassai  when  i 
sulphate  of  water  forms  the  salt  called  the  bisulphate  of  potassa,  and  the  sulphate  < 
magnesia  forms  the  double  sulphate  of  magnesia  and  potassa,  of  which  the  formal 
also  correspond: — 

HO.SO3+KO.SO3 
MgO.S03+KO.SO,. 

In  all  these  sulphates  there  is  one  eq.  of  acid  to  one  of  base ;  but  with  potassa,  si 
phuric  acid  is  supposed  to  form  a  second  salt,  in  which  two  of  acid  are  combm 
with  one  of  base  KO  +  2SO3,  and  which  is  said  to  have  lately  been  obtained  in 
crystallized  state  by  M.  Jacquelin  (Annal.  de  Chim.  et  de  Phys.,  Ixx.  311).  Tl 
would  be  a  true  bisulphate,  and  would  correspond  to  the  red  chromate  or  bichroou 
of  potassa  KO + 2Cr03 ;  but  my  own  observations  have  obliged  me  to  call  in  qneati 
the  existence  of  this  anhydrous  bisulphate  (Mem.  Chcm.  Soc.,  i.  120). 

Uses. — Sulphuric  acid  is  employed  to  a  large  extent  in  eliminatiDg  nitrio  n 
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from  nitrate  of  potassa,  and  in  the  preparation  of  hydrochloric  acid  and  chlorine  from 
chloride  of  sodium,  and  also  in  the  processes  of  bleaching.  But  the  great  consump- 
tion of  this  acid  is  in  the  formation  of  sulphates,  particularly  of  sulphate  of  soda. 
Dearly  all  the  carbonate  of  soda  of  commerce  being  at  present  procured  by  the  de- 
composition of  that  salt. 

CHLOROSULPIICRIC  ACID. 


Eq,  67.5  or  843.75;  SOjCl;  density  4652  |    | 


Sulphurous  acid  gas  combines  with  an  equal  volume  of  chlorine  under  the  influence 
of  light,  and  condenses  into  oily  drops,  which  are  denser  than  water  (Regnault, 
Annalcs  de  Chim.  ct  de  Phys.  Ixix.  170,  and  Ixxi.  445).  Chlorosulphuric  acid  in 
dissolving  decomposes  1  eq.  of  water,  and  is  converted  into  hydrochloric  acid  and 
sulphuric  acid, — a  reaction  which  demonstrates  the  original  compound  to  consist  of 
1  eq.  of  sulphurous  acid  with  1  cq.  of  chlorine. 

The  density  of  the  vapour  of  chlorosulphuric  acid  was  found  by  experiment  to  be 
4703,  which  agrees  with  the  theoretical  density,  4652.  It  consists  of  2  volumes 
of  sulphurous  acid  and  2  volumes  of  chlorine  condensed  into  2  volumes,  which  form 
the  combining  measure  of  the  vapt^ur.  In  its  condensation,  it  resembles  the  vapour 
of  anhydrous  sulphuric  acid.  This  body  also  corresponds  exactly  in  composition 
with  the  compound  hitherto  called  chlorochromic  acid ;  CrOaCl,  chromium  being 
substituted  in  the  latter  for  the  sulphur  of  the  former. 

With  dry  ammoniacal  gas,  chlorosulphuric  acid  forms  a  white  powder,  which  is  a 
mixture  of  the  hydrochlorate  of  ammonia  (sal  ammoniac)  and  sulphamide^  SO2+NII8. 
It  does  not  combine,  as  an  acid^  with  bases. 

Chlorosulphuric  acid  may  also  be  represented  as  a  compound  of  sulphuric  acid 
with  a  tcrchloride  of  sulphur,  3SO3+SCI3.  Another  compound  of  the  same  scries 
baa  been  formed  by  H.  liose,  which  is  represented  by  dSOs  +  SCI^. 

NITROSULPHURIC  ACID. 

Eq.  62  or  775;  SNO4  or  SOj-NOj;  not  isolable. 

Sir  n.  Davy  made  the  observation  that  binoxide  of  nitrogen  is  absorbed  by  a 
mixture  of  sulphite  of  soda  and  caustic  soda,  and  that  a  compound  is  produced,  of 
which  the  principal  characteristic  is  to  disengage  abundance  of  protoxide  of  nitrogen^ 
upon  the  ziddition  of  an  acid  to  it.  He  concluded  that  the  nitrous  oxide,  which  then 
escapes,  was  pre\'iously  united  with  soda,  and  gave  this  as  an  instance  of  the  combi- 
nation of  that  neutral  oxide  with  an  alkali.  As  the  sulphite  of  soda  became  at  the 
same  time  sulphate,  the  conversion  of  the  nitric  oxide  into  nitrous  oxide  appeared  to 
be  explained.'  It  was  afterwards  shown  by  Pelouzc  that  a  new  acid  is  formed  in  the 
circumstances  of  the  experiment,  to  which  he  has  given  the  name  nitrosulphuric, 
and  which  may  be  considered  as  a  compound  of  sulphurous  acid  and  nitric  oxide,  or 
another  member  of  the  sulphurous  acid  series.  (Pelouze,  in  Taylor's  Scien.  Mem., 
vol.  i.  p.  470;  or  Annal.  de  Chim.  et  de  Phys.  Ix.  151). 

Preparation, — K  a  mixture  be  made  over  mercury  of  2  volumes  of  sulphurous 
acid,  and  4  volumes  of  binoxide  of  nitrogen,  which  are  combining  measures  of  these 
gases,  no  change  <^urs ;  but  on  throwing  up  a  strong  solution  of  caustic  potassa  into 
the  gases,  they  disappear  entirely  after  some  hours,  combining  with  a  .single  equiva- 
lent of  potassa,  and  forming  together  the  nitrosulphate  of  potassa.  But  it  is  better 
to  prepare  the  nitrosulphate  of  ammonia.  A  concentrated  solution  is  made  of 
flulphitc  of  ammonia,  which  is  mixed  with  five  or  six  times  its  volume  of  solution  of 
ammonia,  and  into  this  binoxide  of  nitrogen  is  passed  for  several  hours  at  a  low 
tempcratore.  A  number  of  beautiful  crystals  are  gradually  deposited ;  they  are  to 
be  washed  with  a  solution  of  ammonia,  previously  cooled,  which,  besides  the  advan- 
tage of  retarding  their  decomposition,  offers  that  of  dissolving  less  of  them^  than 
pure  water.    When  the  crystals  are  desiccated,  they  should  be  introduced  into  a 
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well-closed  bottle ;  in  this  state  they  undergo  no  alteration.  The  same  process  is 
applicable  to  the  corresponding  salts  of  potassa  and  soda.  When  a  strong  acid  is 
added  to  a  solution  of  these  salts,  for  the  purpose  of  liberating  the  nitrosolpharic 
acid,  the  latter,  on  being  set  free,  decomposes  spontaneously  into  Bolphuric  acid  and 
protoxide  of  nitrogen,  which  comes  off  with  effervescence. 

Properties.  —  The  acid  of  the  nitrosulphates  is  not  precipitated  by  baryta.  The 
nitrosulpliate  of  potassa,  when  heated,  becomes  sulphite,  and  evolves  nitric  oxide ; 
but  the  salts  of  soda  and  ammonia  become  sulphates,  and  evolve  nitrous  oxide.  No 
nitrosulphates  of  the  metallic  oxides,  which  are  insoluble  in  water,  have  been  formed, 
or  appear  capable  of  existing ;  for  when  such  salts  as  chloride  of  mercury,  sulphate 
of  zinc  or  of  copper,  sulphate  of  sesquioxide  of  iron  and  nitrate  of  silver,  are  added 
to  the  nitrosulphate  of  ammonia,  they  produce  a  brisk  effervescence  of  nitrous  oxide, 
with  the  formation  of  sulphate  of  ammonia,  or  they  decompose  the  nitrosulphate  of 
ammonia  as  free  acids  do.  Indeed,  the  only  nitrosulphates  which  have  been  formed 
arc  those  of  potassa,  soda,  and  ammonia.  These  arc  neutral,  and  have  a  sharp  and 
alightly  bitter  taste,  with  nothing  of  that  of  the  sulphites. 

These  salts  rival  the  binoxide  of  hydrogen  in  facility  of  decomposition.  The 
nitrosulphate  of  ammonia  resists  230^,  but  is  decomposed  with  explosion  a  few 
decrees  above  that  temperature,  caused  by  the  rapid  disengagement  of  nitrons  oxide. 
Solutions  of  the  nitrosulphates  are  not  stable  above  the  freezing  point,  but  their 
stability  is  much  increased  by  an  excess  of  alkali.  They  are  resolved  into  sulphate 
and  nitrous  oxide,  by  the  mere  contact  of  certain  substances  which  do  not  themselves 
undergo  any  change ;  such  as  spongy  platinum,  silver  and  its  oxide,  charcoal  powder 
and  binoxide  of  manganese,  by  acids,  even  carbonic  acids,  and  by  metallic  salts. 

Azolo-svlphuric  acid  of  De  la  Provostaycj  S2NO9. — Liquid  sulphurous  add  and 
peroxide  of  nitrogen,  sealed  up  together  in  a  ghiss  tube,  react  upon  each  other,  and 
mvc  rise  to  a  solid  compound  crystallizing  in  rectangular  square  prisms,  which  has 
been  examined  by  M.  dc  la  Provostaye.  A  small  portion  of  a  blue  liquid,  possessing 
an  explosive  property,  which  has  not  been  fully  examined,  is  formed  at  the  same 
time.  This  substance  forms  the  "  crystals  of  the  leaden  chamber."  It  may  al» 
be  produced,  according  to  Gay-Lussac,  by  bringing  peroxide  of  nitrogen  and  oil  of 
vitriol  in  contact : — 

2NO4  and  2(nO.SO,)=HO.N05+HO  and  S,NOg. 

This  substance  fuses  at  about  430^,  and  forms  a  silky  mass  on  cooling ;  it  mt 
bo  distilled  without  decomposition  at  about  620''.  It  is  decomposed  by  water,  sa 
phuric  acid  being  formed,  and  nitrous  vapours  disengaged.  It  has  been  representc 
as  composed  of  2SO2+NO5;  or  as  2SO3+NO3;  or  §206-i-N04;  but  nodiing  cc: 
tain  is  known  of  its  molecular  arrangement. 

Dry  binoxide  of  nitrogen  is  absorbed  by  anhydrous  sulphuric  acid,  according 
an  observation  of  H.  Kose. 

HYPOSULPHURIC  ACID. 

Eq.  72  or  900;  SA;  not  isoldble. 

Preparation,  —  This  acid  of  sulphur  was  discovered  by  Gay-Lussao  and  Welt 
in  1819.  To  prepare  it,  a  quantity  of  binoxide  of  manganese,  Which  must  not 
hydratcd,  is  reduced  to  an  extremely  fine  powder,  suspended  by  agitation  in  wat 
and  sulphurous  acid  gas  is  transmitted  through  the  water.  When  ordinary  binox 
of  manganese  is  used,  it  should  be  previously  treated  with  nitric  acid,  to  disso 
out  the  hydratcd  oxide,  and  washed.  The  temperature  is  apt  to  rise  during ' 
absorption  of  the  gas,  but  must  be  repressed,  otherwise  much  sulphuric  acid  is  \ 
duced,  —  the  formation  of  which,  indeed,  it  is  impossible  to  prevent  entirely,  but 
which  the  quantity  is  said  to  be  reduced  almost  to  nothing,  when  the  liquid  is  k 
cold  during  the  operation.  The  binoxide  of  manganese  disappears,  and  a  solat 
^f  hyposulphato  of  the  protoxide  of  manganese  is  formed ;  2  equivalents  x£  snlpl 
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008  acidy  and  1  of  binozide  of  manganese;  forming  one  of  hydrosulphnric  acid  and 
one  of  protoxide  of  manganese,  or 

2SO2  and  Mn02=  MnO  +  SA- 

The  solution  is  filtered,  and  then  mixed  with  a  solution  of  sulphide  of  barium, 
which  occasions  the  precipitation  of  tlic  insoluble  sulphide  of  manganese,  with  the 
transference  of  the  byposulphuric  acid  to  baryta.  From  this  hyposulphatc  of  baryta, 
the  hyposulphates  of  other  metallic  oxides  may  be  prepared  by  adding  their  sulphates 
t")  that  salt,  when  the  insoluble  sulphate  of  baryta  will  precipitate,  and  the  hyposul- 
phate  of  the  metallic  oxide  added  remain  in  solution.  But  to  procure  the  Iryposul- 
phuric  acid  itself,  the  solution  of  hyposulphate  of  baryta  may  be  evaporated  to  dry- 
ness, and,  being  perfectly  pure,  it  is  reduced  to  a  fine  powder,  weighed,  and  dissolved 
in  water :  for  100  parts  of  it  18.78  parts  of  oil  of  vitriol  are  taken,  which,  after 
dilution  with  three  or  four  times  as  much  water,  are  employed  to  decompose  this  salt 
of  baryta.  The  liberated  byposulphuric  acid  solution  is  filtered,  and  evaporated  in 
vacuo  over  sulphuric  acid,  till  it  attains  a  density  of  1.347,  which  must  not  be 
exceeded,  as  the  acid  solution  begins  then  to  decompose  spontaneously  into  sulphur- 
ous acid,  which  escapes,  and  sulphuric  acid,  which  remains  in  the  liquid. 

Properties.  —  This  acid  has  not  been  obtiined  in  the  anhydrous  condition.  Its 
aqueous  solution  has  no  great  stability,  being  decomposed  at  its  temperature  of  ebul- 
lition. The  same  solution  exposed  to  air  in  the  cold,  slowly  absorbs  oxygen, 
according  to  Heeren,  and  becomes  sulphuric  acid.  But  neither  nitric  acid,  nor 
chlorine,  nor  binoxido  of  manganese,  oxidize  this  acid  unless  they  are  boiled  in  its 
solution.  Its  salts  are  perfectly  stable,  either  when  in  solution  or  when  dry,  and 
are  generally  very  soluble,  baring  some  analogy  to  the  nitrates.  A  hyposulphite, 
when  heated  to  redness,  leaves  a  neutral  sulphate,  and  allows  a  quantity  of  sulphur- 
ous add  to  escape,  which  would  be  sufficient  to  form  a  neutral  sulphite  with  the  base 
of  the  sulphate.  This  class  of  salts  was  particularly  examined  by  Heeren  (Poggen- 
dorff's  Annalen,  v.  vii.  p.  77).  H3rposulphuric  acid  is  imagined  to  exist  in  acid 
compounds  produced  by  the  action  of  sulphuric  acid  on  several  organic  substances. 

The  hyposulphate  of  baryta  may  be  analysed  by  exposing  a  portion  of  it  to  a  red 
heat,  when  it  gives  off  sulphurous  acid,  and  leaves  pure  sulphate  of  baryta  behind. 
If  an  equal  portion  be  treated  with  boiling  concentrated  nitric  acid,  the  sulphurous 
acid  is  converted  into  sulphuric  acid  ;  and  if  chloride  of  barium  is  afterwards  added, 
a  quantity  of  sulphate  of  baryta  is  obtained  which  is  exactly  double  in  weight  that 
obtained  from  the  first  portion. 

HTPOSULPHUROUS  ACID. 

Eq.  48  or  600;  S^Oj,  or  SO^+S;  not  isolahle. 

The  hyposulphites  are  better  known  than  hyposulphurous  acid  itself,  which  is  a 
body  of  little  stability,  quickly  undergoing  decomposition  when  liberated  by  a 
stronger  acid  from  a  solution  of  any  of  its  salts,  and  resolving  itself  into  sulphurous 
acid,  hydrosulphnric  acid,  and  sulphur.  These  salts,  long  considered  as  a  species 
of  double  salts,  and  called  sulphuretted  sulphites,  were  first  supposed  to  contain  a 
peculiar  acid  by  Dr.  T.  Thomson  and  by  Gay-Lussac,  —  a  conjecture  afterwards 
veri6ed  by  Sir  John  Herschel,  whose  early  researches  upon  this  acid  form  the 
subject  of  an  interesting  memoir  (Ed.  Phil.  Journ.  vol.  i.  pp.  8  and  396). 

Preparation,  —  Sulphide  of  soda  is  prepared,  in  the  first  instance,  by  saturating 
a  solution  of  carbonate  of  soda  with  sulphurous  acid  gas,  by  the  apparatus  described 
at  page  294).  This  sulphite,  care  being  taken  that  it  is  not  acid,  is  converted  into 
hyposulphite,  by  digesting  it  upon  flowers  of  sulphur  at  a  high  temperature,  but 
without  ebollition.  The  sulphurous  acid  assumes  1  eq.  of  sulphur,  and  remains 
in  oombiiiation  with  the  soda;  or,  in  symbols — 

NaO-fSOj  and  S=NaO+SOi.S. 
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The  solution  may  afterwards  be  evaporated  (ebullition  being  always  avoided,  m 
the  hyposulphites  are  partially  decomposed  at  212^),  and  afibrds  large  ciystals  of 
the  hyposulphite  of  soda.  When  solution  of  caustic  soda  is  digested  upon  sulphur, 
the  latter  is  likewise  dissolved,  and  a  mixture  of  1  eq.  of  hyposulphite  of  soda  with 
2  eq.  of  sulphide  of  sodium  results,  of  which  the  last  always  dissolves  an  excess  of 
sulphur :  ^ 

3NaO  and  4S=NaO+SA  and  2NaS. 

Exposed  to  the  air,  this  solution  slowly  absorbs  oxygen,  and  if  it  contains  a  certain 
excess  of  sulphur,  passes  entirely  into  hyposulphite  of  soda. 

The  hyposulphite  of  lime  is  also  formed  by  digesting  together  1  part  of  sulphur 
and  3  of  hydrate  of  lime  at  a  high  temperature,  when  changes  of  the  same  nature 
occur  as  with  sulphur  and  caustic  soda,  and  the  solution  becomes  red,  containing 
bisulphide  of  calcium :  a  stream  of  sulphurous  acid  gas  is  conducted  through  the 
solution  after  it  has  cooled,  and  converts  the  whole  salt  into  hyposulphite,  occasion- 
ing  at  the  same  time  a  considerable  deposition  of  sulphur.  The  reaction  here  may 
be  expressed  by  the  following  formula :  — 

2CaS2  and  3SOa=2CaO+2SA  and  3S. 

If  the  waste-lime,  in  the  porous  state  in  which  it  is  removed  from  the  dry-lime 
purifiers  of  a  gas-work,  be  exposed  to  air,  it  rapidly  absorbs  oxygen }  and,  whei 
treated  with  water,  afterwards  gives  much  soluble  hyposulphite  of  lime.  This  is  ai 
economical  method  of  preparing  the  salt  on  a  large  scale  (Mem.  Chem.  See.  ii.  358) 

Zinc  and  iron  also  dissolve  in  the  solution  of  sulphurous  acid  in  water,  with  littl 
or  no  effervescence,  deriving  the  oxygen  necessary  to  convert  them  into  oxides,  nc 
from  water,  but  from  the  sulphurous  acid,  two-thirds  of  which  are  thereby  convertc 
into  hyposulphurous  acid,  which  combines  with  half  the  oxide  produced ;  while  tli 
other  third,  remaining  as  sulphurous  acid,  unites  with  the  other  moiety  of  the  san 
oxide :  — 

3SO2  and  2Zn=ZnO.SA  and  ZnO-SO,, 
The  hyposulphite  obtained  by  this  process  is,  therefore,  mixed  with  a  sulphite. 

Properties, — The  acid  of  these  salts  undergoes  decomposition  when  they  a 
'strongly  heated,  or  treated  with  an  acid.      It  forms  soluble  salts  with  lime  &' 
strontia,  in  which  respect  it  differs  from  sulphurous  and  sulphuric  acids ;  the  hy] 
sulphite  of  baryta  is  insoluble.     It  also  forms  a  remarkable  salt  with  silver,  wbi 
has  no  metallic  flavour,  but  tastes  extremely  sweet.     The  existence  of  a  hypo? 
phite  in  a  solution  is  easily  recognised,  by  its  possessing  the  power  to  dissolve  fires) 
precipitated  chloride  of  silver,  and  become  sweet.     Hyposulphite  of  soda  in  solut 
is  apt  to  become  acid  by  the  absorption  of  oxygen,  and  then  its  conversion  into  1 
phate  of  soda,  with  deposition  of  sulphur,  proceeds  rapidly. 

Uses.  —  The  hyposulphite  of  soda  is  employed  to  distinguish  between  the  eai 
strontia  and  baryta,  —  the  latter  of  which  it  precipitates,  and  not  the  former.  1 
also  applied,  in  certain  circumstances,  to  dissolve  the  insoluble  salts  of  silvei 
photography,  electro-plating,  and  the  treatment  of  silver  ores. 

POLYTHIONIC  SERIES. 

Three  new  acids  of  sulphur  have  lately  been  discovered,  all  containing, 
hyposulphuric  acid,  5-  eq.  of  oxygen,  but  evidently  more  related  in  constitution 
properties  to  hyposulphurous  acid.     They  were  named  by  Berzelius,  from 
(sulphur) ;  and  are  composed  as  follows : — 

Trithionic,  or  monosul-hyposulphurio  acid S3O5,  or  SA+S. 

Tetrathionic,  or  bisul-hyposulplmric  acid S Aj  or  S A + 2S. 

Pentathionic,  or  trisul-hyposulphuric  acid S5O5,  or  SaOf-f  3S. 

Hyposulphurous  acid  becomes  the  dithionous,  and  hjrposulphurio  acid  the  dith 
acid;  as  members  of  the  same  series;  all  of  which^  it  will  be  observed^  oontun 
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Ihan  1  equiTalcnt  of  sulphur,  and  are  therefore  pel jthionic :  but  the  old  names  of 
the  two  acids  last  referred  to  are  too  firmly  established  to  be  changed,  without  a 
greater  necessity  for  the  alteration  than  appears  to  exist. 

Trilhionic  or  Monostd-kyposulphuric  acid;  eq.  88  or  1100,  SjOs  or  S2O54-S. — 
This  acid  was  first  obtained  by  M.  Langlois  (Annal.  de  Chim.  3  ser.  iv.  77).  It  is 
the  result  of  the  action  of  sulphur  upon  the  soluble  bisulphites,  and  may  be  pre- 
pared from  the  bisulphite  of  baryta.  This  salt  is  digested  with  flowers  of  sulphur 
at  a  temperature  not  exceeding  122°  ("50°  C.)  for  several  days;  the  solution  first 
becomes  yellow,  afterwards  loses  all  colour,  and  when  allowed  to  cool  in  this  state, 
deposits  a  salt  in  long  white  silky  crystals,  which  is  the  trithionate  of  baryta.  By 
the  cautious  addition  of  sulphuric  acid  to  a  solution  of  the  new  salt,  the  trithionic 
acid  may  be  liberated  and  obtained  in  solution,  while  the  insoluble  sulphate  of  baryta 
precipitates.  The  acid  solution  may  be  concentrated  in  the  vacuous  receiver  of  an 
air-pump,  but  is  rapidly  decomposed  by  heat  into  sulphurous  acid  and  sulphur. 
The  salt  of  potassa  is  easily  obtained,  cither,  according  to  Plessy's  method,  by  passing 
sulphurous  acid  into  a  solution  of  hyposulphite  of  potassa ;  or,  according  to  Langlois, 
into  one  of  sulphide  of  potassium :  in  the  latter  case  hyposulphite  of  potassa  is  first 
formed,  and  from  that  the  trithionate.  (Kessner,  Chcm.  Gaz.  vi.  p.  369.)  The 
salts  of  this  acid  appear  to  have  greater  stability  than  the  hyposulphites,  and  are 
formed  when  certain  hyposulphites,  such  as  those  of  zinc,  cadmium,  and  lead,  are 
left  to  spontaneous  decomposition ;  or  even,  according  to  Fordos  and  Gelis,  by  the 
sole  effect  of  the  concentration  of  solutions  of  these  salts.  This  acid  is  precipitated 
black  by  the  salts  of  the  suboxide  of  mercury,  a  property  which  distinguishes  the 
trithionic  acid  from  the  two  more  highly  sulphured  acids  of  the  same  series,  which 
ire  precipitated  yellow  by  the  reagent  in  question. 

Teirathionic  or  BisuUhyposulphuric  acid]  eq.  104  or  1300;  S4O5  or  SjOj-f  Sj. 
—This  acid  was  discovered  by  MM.  Fordos  and  Gelis,  and  is  obtained  by  dissolving 
iodine  in  a  solution  of  the  hyposulphites,  particularly  of  the  hyposulphite  of  baryta. 
The  reaction  in  the  last  case  is  as  follows : — 

2  (BaO.SA)  and  I  =  Bal  and  BaO.SA- 

The  new  salt,  being  less  soluble  than  the  iodide  of  barium,  is  separated  by  crystal- 
lization, and  afibrds  the  acid  when  decomposed  by  a  suitable  proportion  of  sulphuric 
add.  The  solution  of  tetrathionic  acid  has  considerable  stability,  and  may  be  highly 
ooDCcntratcd.  The  process  just  described  is  modified  by  Kcssner,  who  prepares  first 
the  hyposulphite  of  lead  by  dissolving  2  parts  of  hyposulphite  of  soda  in  hot  water, 
and  pouring  this  solution  into  an  equally  hot  dilute  solution  of  3  parts  of  acetate  of 
lead.  The  precipitate  is  washed  with  a  large  quantity  of  warm  water,  and  mixed 
(still  moist)  with  1  part  of  iodine,  and  the  mass  frequently  stirred ;  in  the  course 
of  a  few  da^'s  the  whole  is  converted  into  iodide  of  lead  and  a  solution  of  tctrathion- 
ate  of  lead.  The  lead  is  now  removed  by  sulphuric  acid  (the  use  of  hydrosulphuric 
acid  being  inadmissible),  any  excess  of  the  latter  by  carbonate  of  baryta,  and  the 
solution  of  the  tetrathionic  acid  evaporated.  When  this  acid  is  saturated  with  car- 
bonate of  soda,  or  its  salt  of  lead  decomposed  by  sulphate  of  soda,  only  products  of 
decompo.sition  are  obtained, — sulphur,  sulphate,  and  hyposulphite  of  soda.  (Chem. 
Gas.  vi.,  p.  370.)  The  salts  of  this  acid,  therefore,  retiuire  to  be  prepared  directly, 
and  appear  generally  to  be  less  stable  than  the  hydrated  acid. 

PaUathionic  or  Trisul-kyposulphuric  acid ;  =  120  or  1500;  Sfi^  f^  S2O5+S3. — 
Several  years  ago  Dr.  T.  Thomson  observed  that  when  hydrosulphuric  and  sulphur- 
oos  acids  mutually  decompose  each  other  in  presence  of  water,  the  magma  of  sulphur 
precipitated  is  impregnated  by  a  peculiar  acid.  M.  Wackenroder  lately  found  that 
this  acid  is  an  additional  number  of  the  present  series.  To  prepare  the  acid,  Wack- 
enroder supersaturates  water  with  sulphurous  acid,  and  then  causes  hydrosulphuric 
acid  to  stream  through  it  till  the  liquid  has  the  odour  and  reactions  of  the  latter, 
evaporating  afterwards  till  the  excess  of  hydrosulphuric  acid  is  expelled.  The  liquid 
.  does  not  become  clear  till  after  clean  slips  of  copper  are  left  in  it  for  some  time^  to 
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remove  the  suspended  sulphur :  copper  reduced  from  the  oxide  by  b jdroga 
probably  act  more  rapidly.  The  addition  of  chloride  of  sodiom,  ur  satnnli 
a  base,  such  as  an  alkaline  carbonate,  also  facilitates  the  precipitatioD  of  the  i 
In  the  opinion  of  Mr.  L.  Thompson,  much  of  this  sulphur,  which  is  suppoii 
suspended,  is  actually  in  solution. 

The  clear  acid  liquid  may  be  concentrated  till  it  attains  a  density  of  1.1 
inodorous,  sour,  and  a  little  bitter.  It  may  be  preserved  at  the  temperatuif 
air,  without  change ;  but  when  made  to  boil  it  undergoes  decomposition,  n 
^    ^  )8ulphurio  acid,  followed  by  sulphurous  acid,  and  leaving  behind  ordin 

Eic  acid  and  some  sulphur.     This  acid  is  decomposed,  like  the  last,  }r 

Pentathionic  acid  was  also  found  by  Fordos  and  Gklis  among  the  produel 
decomposition  of  the  chlorides  of  sulphur  by  water.  The  pcntothionate  d 
is  very  soluble,  and  is  easily  altered.  It  was  analysed  by  means  of  chlorine 
hypochlorites,  which  transform  the  whole  sulphur  into  sulphuric  acid  : 

SjOb  and  10  CI  and  10  HO  =  5  SO,  and  10  HCl. 

The  pentathionic  acid  is  distinguished  from  byposulphurous  acid,  with  wl 
isomeric,  by  the  less  solubility  of  the  pentathionates,  and  by  the  circumstu 
the  pentathionatcs  have  no  action  upon  iodine  (Annales  de  Ch.  8.  scr.  x 
The  sulphur  was  supposed  by  Berzelius  to  exist  in  the  various  polythiouio  i 
its  different  aUatropic  conditions. 

SULPHUR  AND  HYDROGEN. 
HTDROSULPHURIO  AOID. 

Syn,  Sulphuretled  hydrogen  gas,  stdfhydric  acid ;  Eq,  17  or  212.5;  SH; 

1191.2; 


Sulphur  does  not  combine  directly  with  hydrogen  even  when  heated  in  t 
but  with  that  element,  notwithstanding,  sulphur  forms  at  least  two  compouo 
of  which,  hydrosulphurio  acid,  is  a  reagent  of  frequent  application  and  com 
importance. 

Preparation. — (1.)  Of  those  metals  which  dissolve  in  dilute  sulphuric  ae 
the  displacement  of  hydrogen,  the  protosulphides  dissolve  also  in  the  same  • 
the  hydrogen  then  evolved  carries  off  sulphur  in  combination,  and  appears  a 
sulphuric  acid  gas.  The  protosulphide  of  iron,  which  is  commonly  employei 
operation,  is  obtained  by  depriving  yellow  pyrites,  or  bisulphide  of  iron,  of  a 

of  its  sulphur  by  ignition  in  a  covered  c 
Ficu  141.  or  formed  directly  by  exposing  to  a  low  ra 

^  mixture  of  4  parts  of  coarse  sulphur  and  1 

\7  filings  or  borings  in  a  covered  stoneware  or* 

crucible.  The  sulphide  of  iron,  thus  obi 
broken  into  lumps,  and  acted  upon  by  diln 
phuric  acid  in  a  gas-bottle  (fig.  141),  exactly 
is  treated  in  the  preparation  of  hydroc 
Hydrosulphurio  acid  is  evolved  without  U 
cation  of  heat,  and  should  be  collected  ov 
at  80°  or  90° ;  or  if  collected  in  a  gasoi 
gasholder,  the  latter  may  be  filled  with  1 
which  this  gas  is  less  soluble  than  in  jnu 
The  gas  obtained  by  this  process  gcncrallj 
free  hydrogen,  arising  from  an  intermixtun 
tallic  iron  with  the  sulphide  of  iron  used, 
may  also  be  evolved  from  the  action  of  hydl 
add  upon  the  sulphide  of  iron,  but  as  it  is  then  impregnated  with  the  Tapoi 
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latter  mH,  *nA  may  also,  like  every  gaa  produced  with  effeirescence,  carry  over 
dropa  of  fluid,  it  should  nIwaTS  be  transmitted  through  water  in  a  wash-bottle,  before 
being  applied  to  auy  purpose  as  pure  gafl.  The  reaction  by  which  hydro-sulphorio 
acid  ia  usnally  CTolTcd  is  expressed  iu  the  following  equation : 
FeS  and  HO.SOs=HS  and  FeO.SO^ 
(2.)  Hydrosulpharic  acid,  without  suy  admixture  of  free  hydrogen,  ia  obtained 
by  digesting  iu  a  flask  A,  nsed  as  a  i«tort  (fig.  142),  with  a  gentle  heat,  sulphide 

Fro.  142. 


of  antimony  in  fioo  powder  with  concentrated  hydrochloric  acid,  in  the  proportion 
of  1  ounce  of  the  former  to  4  ounce  measures  of  the  latter.  The  gas  of  this  ope* 
ration  is  pa^igcd  through  water  in  a  waah-bottle  B,  and  collected  over  water  at  80°, 
in  a  bottle  C,  provided  with  a  good  cork.  Or,  after  paBsing  through  the  waah-bottle, 
it  may  bo  carried  over  chloride  of  calcium  in  a  drying  tube,  aud  collected  over  mer- 
cary,  but  is  giBdnally  decomposed  by  that  metal,  which  has  a  Btrong  affinity  for 
mlphur,  and  hydrogen  is  liberated,  without  any  change  of  volume.  The  reactioii 
between  hydrochlonc  acid  and  sulphide  of  antimony  may  be  thus  expressed : 
8HC1  and  8bS,=3HS  and  SbCl,. 
Pnptrtiet. — ^drosulphnric  acid  is  a  oolourleas  gas,  of  a  strong  and  very 
naneeons  odour.  Its  density  is  1191.2,  by  the  experimeats  of  Oay-Lossao  and 
Tbenard,  and  its  theoretical  sp.  gr.  17  times  that  of  hydrogen.  It  consisls  of  2 
Tolumes  of  hydrogen  and  1  volume  of  sulphur  vapour,  condensed  into  2  volnmei, 
which  form  its  combiuing  measuro.  Kydrosulphuric  acid  is  partially  decomposed 
by  beat  into  hydrogen  and  sulphur;  but  to  obtain  complete  decomposiUon  it  is 
necessary  to  pass  the  gas  a  great  many  times  through  a  porcelain  tube  plaoed  aaroas 
a  fnmace,  and  strongly  heated.  By  a  pressure  of  17  atmospheres  at  50°,  it  is  oon- 
deoaed  into  a  highly  limpid  colourless  liquid,  of  sp.  gr.  0.9,  which  is  c^  peculiar 
intereat  as  the  analogue  of  water  in  the  sulphur  scries  of  compounds :  the  solvent 
powers  of  thia  liquid  have  not  been  examined.  When  cooled  to  — 122°,  It  solidifies, 
and  is  then  a  white  crystalline  translucent  substance,  heavier  than  the  liquid  (Fara- 
day). The  air  of  a  chamber  slightly  impregnated  by  thia  gas  may  be  respired  with- 
out injury,  but  a  small  quantity  of  the  undiluted  gas  inspired  occasions  syncope,  and 
ita  respiration,  in  a  very  moderate  proportion,  was  found  by  Tbenard  to  prove  filial, 
—  birds  perishing  in  air  containing  l-1500di,  and  a  dog  in  air  containing  l-800th 
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part  of  this  gas.  Its  poisonous  effects  are  best  counteracted  by  a  slight  inbalatial 
of  chlorine  gas,  as  the  latter  may  be  obtained  from  a  little  chloride  of  lime  placed  i 
the  folds  of  a  towel  wetted  with  acetic  acid.  Water  dissolves,  at  64^,  2}  voIuhn 
of  this  gas,  and  alcohol  6  volumes.  These  solutions  soou  become  milky  wha 
exposed  to  air,  the  oxygen  of  which  combines  with  the  hydrogen  of  the  gas  and  pn 
cipitates  the  sulphur.  Those  mineral  waters  termed  sulphureous,  such  as  Harrowgali 
contain  this  gas,  although  rarely  in  a  proportion  exceeding  li  per  cent,  of  thd 
volume.  They  are  easily  recognized  by  their  odour  and  by  blackening  silver.  ] 
is  also  found  in  foul  sewers  and  in  putrid  eggs.  Of  deodourizing  fluids  the  solutio 
of*  nitrate  of  lead,  chloride  of  zinc,  sulpliate  of  iron,  and  sulphate  of  manganeM 
appear  to  be  equally  efficacious ;  the  first  alone  decomposing  the  free  gas,  but  thi 
salt,  and  all  the  others  named,  decomposing  hydrosulphuric  acid  when  in  combiai 
tion  with  ammonia,  the  form  in  which  it  usually  emanates  from  putrefactive  matin 

Hydrosulphuric  acid  is  highly  combustible,  and  bums  with  a  pale  blue  flanM 
producing  water  and  sulphurous  acid,  and  generally  a  deposit  of  sulphur  when  013 
gen  is  not  present  in  excess.  A  little  strong  nitric  acid  thrown  into  a  bottle  of  thi 
gas,  occasions  the  immediate  oxidation  of  its  hydrogen,  and  often  a  slight  explode 
with  flame,  when  the  escape  of  the  vapour  is  impeded  by  closing  the  mouth  of  tb 
bottle.  Hydrosulphuric  acid  is  immediately  decomposed  by  chlorine,  bromine,  an 
iodine,  which  assume  its  hydrogen  :  hence  the  odour  of  this  gas  in  a  room  is  soo 
destroyed  on  diflusing  a  little  chlorine  through  it.  Tin,  and  many  other  metaL 
heated  in  this  gas,  combine  with  its  sulphur  with  flame,  and  liberate  an  equal  volun 
of  hydrogen,  affording  ready  means  of  demonstrating  the  composition  of  the  gti 
Potassium  decomposes  one  half  of  the  gas  in  that  manner,  and  becomes. sulphide  ( 
potassium,  which  unites  with  the  other  half  without  decomposition,  forming  tl 
hydrcsulphate  of  the  sulphide  of  potassium.  The  action  of  other  alkaline  mcta 
upon  hydrosulphuric  acid  is  similar. 

This  compound  has  a  weak  acid  reaction,  and  fonns  one  of  the  hydrogen-add 
It  does  not  combine  and  form  salts  with  basic  oxides,  but  it  unites  with  basic  si 
phides,  such  as  sulphide  of  potassium,  and  forms  compounds  which  arc  strictly  coi 
parable  with  hydcated  oxides.     When  hydrosulphuric  acid  is  passed  over  lime 
a  red  heat,  both  compounds  are  decomposed,  and  water  with  sulphide  of  calcium 
formed.     The  oxides  of  nearly  all  the  metallic  salts,  whether  dry  or  in  a  state 
solution,  are  decomposed  by  hydrosulphuric  acid  in  a  similar  manner;  but  in  I 
salts  of  those  metals  of  which  the  protosulphide  is  dissolved  by  acids,  such  as  si 
of  iron,  zinc,  and  manganese,  a  small  quantity  of  a  strong  acid  entirely  prevei 
precipitation.     The  sulphides  arc  generally  coloured,  and  many  of  them  are  bla< 
hence  the  effect  of  hydrosulphuric  acid  in  blackening  salts  of  lead  and  silver,  wh 
renders  these  compounds  so  sensitive  as  tests  of  tbe  presence  of  that  substan 
Hydrosulphuric  acid  also  tarnishes  certain  metals,  such  as  gold,  silver,  and  bn 
so  that  utensils  of  which  these  metals  are  the  basis  should  not  be  exposed  to  I 
gas. 

Bisulphide  of  hi/ drogen,  HS^.  — When  carbonate  of  potassa  is  fused  with  hali 
weight  of  sulphur,  a  persulphide  of  potassium  is  formed  containing  a  large  ex< 
of  sulphur,  which  affords  a  solution  in  water  of  an  orange  red  colour.     The  pr 
sulphide  of  potassium,  with  hydrochloric  acid,  gives  hydrosulphuric  acid  and  chla 
of  potassium  :  HCl  and  KS=HS  and  KCl.     But  when  the  red  solution  of  per 
phide  of  potassium  is  poured  in  a  small  stream  into  hydrochloric  acid,  diluted  1 
two  or  three  volumes  of  water,  while  chloride  of  potassium  is  formed  as  before, 
hydrosulphuric  acid  produced  combines  with  another  equivalent  of  sulphur, 
forms  a  yellowish  oily  fluid,  the  bisulphide  of , hydrogen,  which  falls  to  the  hot 
of  the  acid  liquid.     Supposing  the  persulphide  of  potassium  to  be  a  pure  bisulpb 
then  HCl  and  KS^rnHSa  and  KCl.     The  result  of  the  combination  in  this 
appears  rather  capricious ;  for  if  the  acid  and  persulphide  of  potassium  be  mixc 
the  other  way,  —  if  the  acid  be  added  drop  by  drop  to  the  alkaline  sulphide, — i 
hydrosulphuric  acid  is  evolved;  the  whole  excess  of  sulphur  precipitates,  and  no 
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Bulpbide  of  hydrogen  is  formed.  The  oily  fluid  produced  by  the  first  mode  of  mix- 
ing has  considerable  analogy  in  its  properties  to  the  binoxide  of  hydrogen,  and 
appears,  like  that  compound,  to  have  a  certain  degree  of  stability  imparted  to  it  by 
contact  with  acids,  such  as  pretty  strong  hydrochloric  acid,  while  the  presence  of 
alkaline  bodies,  on  the  contrary,  gives  its  elements  a  tendency  to  separate.  This 
decomposition  has  been  taken  advantage  of  to  obtain  liquid  hydrosulphuric  acid,  by 
scaling  up  bisulphide  of  hydrogen  in  a  Faraday  tube  (page  77). 

Thcnard  has  observed  other  points  of  analogy  between  these  compounds.  Like 
binoxide  of  hydrogen,  the  bisulphide  produces  a  white  spot  upon  the  skin,  and 
destroys  vegetable  colours,  so  that  it  has  actually  been  used  in  bleaching.  The 
latter  compound  is  also  resolved  into  hydrosulphuric  acid  and  sulphur  by  all  the 
bodies  which  effect  the  transformation  of  the  former  into  water  and  oxygen;  such 
as  charcoal  powder,  platinum,  iridium,  gold,  binoxide  of  manganese,  and  the  oxides 
of  gold  and  silver,  which  last,  when  the  bisulphide  is  dropt  upon  them,  are  decom- 
posed in  an  instant,  and  even  with  ignition.  The  bisulphide  of  hydrogen  undergoes 
spontaneously  the  same  decomposition,  even  in  well-closed  bottles,  which  are  apt, 
on  that  account,  to  be  broken.  It  is  soluble  in  ether,  but  the  solution  soon  deposits 
cr}*stals  of  sulphur.  Thenard  finds  this  body  not  to  be  uniform  in  its  composition, 
the  proportion  of  sulphur  often  exceeding  considerably  2  eq.  to  1  of  hydrogen ;  but 
the  excess  of  sulphur  is  possibly  only  in  solution  (Ann.  de  Ch.  2  ser.  xlviii.  79). 

SULPnUR  AND   NITROGEN. 

Sulphide  of  nitrogen ;  eq,  62  or  775 ;  NS,. — This  is  a  yellow  pulverulent  solid 
substance  of  small  stability,  and  which  cannot  be  formed  by  the  direct  union  of  its 
elements.  The  liquid  bichloride  of  sulphur  absorbs  ammoniacal  gas,  producing  first 
a  flocculent  brown  matter,  NIl3.SCl2>  ^^^  afterwards,  if  the  action  of  ammonia  is 
continued,  a  yellow  substance,  of  which  the  formula  is  — 

2NH,.SCla. 

Thrown  into  water  this  yellow  matter  undergoes  decomposition,  producing  hydro- 
chlorate  and  hyposulphite  of  ammonia,  which  dissolve,  and  a  yellow  powder,  which 
is  a  mixture  of  sulphur  and  the  sulphide  of  nitrogen.  This  powder  is*  quickly 
washed  with  a  little  water,  dried  under  the  receiver  of  an  air-pump,  and  finally 
irashed  several  times  with  ether,  which  dissolves  out  the  free  sulphur,  and  leaves 
the  sulphide  of  nitrogen. 

The  sulphide  of  nitrogen  is  a  yellow  powder,  which,  a  little  above  212**,  is 
decomposed  in  a  gradual  manner  into  sulphur  and  nitrogen,  but  when  sharply 
heated,  violently  and  with  explosion.  It  is  also  slowly  decomposed  by  oold  water, 
but  much  more  rapidly  at  the  temperature  of  ebullition.  The  composition  of  sul- 
phide of  nitrogen  is  determined  either  by  boiling  a  known  quantity  in  fuming  nitrib 
acid,  which  converts  the  sulphur  into  sulphuric  acid ;  or,  by  heatine  a  mixture  of 
this  substance  and  metallic  copper  in  a  glass  tube,  sealed  at  one  end,  and  arranged 
as  a  retort,  so  that  the  gas  evolved  may  be  collected.  The  copper  and  sulphur  unite 
with  avidity,  and  the  nitrogen  is  disengaged  as  gas.     [^See  Supplement^  p.  781.] 

SULPHUR  AND  CARBON. 

Bisulpjude  of  carbon  ;  sulphocarhonic  acid ;  eq,  38  or  475  j  CSg.  —  Charcoal 
strongly  ignited  in  an  atmosphere  of  sulphur  vapour,  combines  with  that  element, 
and  K>rms  a  compound  which  holds  the  same  place  in  the  sulphur  series  that  car- 
bonic acid  occupies  in  the  oxygen  series  of  compounds.  The  bisulphide  of  carbon 
is  a  volatile  liquid,  and  may  be  prepared  by  distilling,  in  a  porcelain  retort,  yellow 
pyrites  or  bisulphide  of  iron,  with  a  fourth  of  its  weight  of  well-dried  charcoal,  both 
iQ  the  state  of  fine  powder  and  intimately  mixed.  The  vapour  from  the  retort  is 
coDdocted  to  the  bottom  of  a  bottle  filled  with  oold  water,  to  condense  it    Or 
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Bulphnr  vapour  may  be  Ecnt  over  fisgment«  of  well-dried  cbarotal  in  &  porcebfe 
or  cast  iron  (not  malleable  iron)  tn^,  placed  across  a  frnnace.  The  prodnet  i 
geneTally  of  a  yellow  colour,  and  contains  sulphur  in  solntion,  to  free  it  from  whk) 
it  ia  redistilled  in  a  glass  retort,  by  &  gentla  heat. 

For  preparing  a  larger  qoautity  of  bisulphide  of  tarboi 
Fib.  148.  ij  Bmnncr  rcoommenda  an  earthenwara  retort  of  the  fon 

C  (fig.  143),  two-thirds  filled  with  diy  charcoal,  having  i 
tube,  b,  descending  tbroDKh  the  tubulure  a,  by  which  fiag 
mcnts  of  Bulphor  can  be  mtrodaced.  The  retort  is  raised  fe 
a  red  beat  in  a  fiimace  (fig-  141),  and  the  vapour  whid 
comes  over,  carried  tbrongh  a  condensing  tube,  c  d,  kn 
cold  by  a  stream  of  water,  and  ultimately  conveyed  to  m 
lower  part  of  a  bottle  surrounded  by  cold  water,  and  also  cob 
taining  a  little  water,  which  floats  upon  the  surface  of  tb 
condensed  liquid  and  prevents  its  evaporation.  The  solphv 
is  gradually  introduced  into  the  retort,  and,  being  ioimed' 
ate^  converted  into  vapour,  produces  the  bisulphide  of  carbo 
in  traversing  the  incandescent  charcoal. 


The  bisulphide  of  carbon  is  a  colourless  liquid,  of  high  refracting  power,  and  i 
gr.  1.272.  Its  vapour  has  a  tension  of  7.38  I'aris  inches  (Man)  at  50°,  and  I 
liquid  boils  at  110° ;  a  cold  of  — bO°  can  be  produced  by  its  evaporation  in  vae 
'  This  componnd  is  extremely  eombustible,  CakiDg  fire  at  a  temperature  which  scan 
exceeds  tbo  boiling  point  of  mercury.  When  a  few  drops  of  the  liquid  are  thro 
into  a  bottle  of  oxygen  ga.t,  or  nitric  oxide,  a  combustible  mixture  is  formed,  wfa 
burns,  when  a  light  is  applied  to  it,  with  a  brilliant  flash  of  flame,  but  withon 
violent  explosion.  The  bisulphide  of  carbon  is  insoluble  in  water,  but  it  is  sola 
in  alcohol.  It  dissolves  sulphur,  phosphorus,  and  iodine.  The  solution  of  pi 
phonts  ID  this  liquid  is  used  in  elcctrotypiog ;  objects  dipped  in  the  solutim  i 
dried  are  left  covered  by  a  film  of  phosphorus,  which  cDahlcs  them  to  obtiun  a  c 
ducting  metallic  coating  when  plunged  into  a  solution  of  copper. 

The  observed  density  of  the  vapour  of  bisulphide  of  carbon  is  2&14,7  (Q 
Lussac).  It  consists  of  2  volumes  carbon  vapour  (density  416)  and  2  volnmes  i 
pbur  vapour  (density  2216),  condensed  into  2  volumes,  which  form  its  combio 
measure;  and  is  therefore  quite  analogous  in  condensation  to  carbonio  add  gas. 
complete  analysis  of  the  bisulphide  of  carbon  is  obtoiued,  by  passing  it  in  vap 
over  a  mixture  of  carbonate  of  soda  and  oxide  of  copper  in  «  combustion  tube  (p 
287)  at  &  red  heat:  the  salphur  is  oxidized,  and  remtuna  in  oomlonatioa  iriUi 
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soda  as  sulphate  of  soda,  while  the  carbon  is  burnt  also,  and  disengaged  as  carbonic 
acid  gas,  accompanied  bj  an  equal  quantity  of  carbonic  acid  liberated  from  the  car- 
bonate of  soda  by  the  sulphuric  acid  formed.  The  carbon  alone  of  this  substance 
may  be  advantageously  determined  as  carbonic  acid,  by  a  similar  combustion  with 
chromate  of  lead. 

The  bisulphide  of  carbon  is  a  sulphur  acid,  and  combines  with  sulphur  bases,  such 
as  the  sulphide  of  potassium,  forming  a  class  of  salts  which  are  called  sulphocarbo- 
nates.  Oxygen  bases  dissolve  it  slowly,  and  are  converted  into  a  mixture  of  car- 
bonate and  sulphocarbonate :  thus  2  equivalents,  of  potassa  with  1  of  bisulphide  of 
carbon  yield  2  equivalents  of  sulphide  of  potassium  and  1  of  carbonic  acid,  which 
combine  respectively  with  bisulphide  of  carbon  and  potassa. 

Solid  sulphide  of  carbon.  —  The  charcoal  left  in  the  tube,  after  the  process  for 
the  former  compound,  is  much  corroded,  and  contains  a  portion  of  sulphur  which 
cannot  be  expelled  from  it  by  heat.  Berzelius  considered  this  sulphur  as  in  chemical 
combination  with  the  carbon.    [/Sea  Supplement^  p.  782.*] 
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SELENIUM. 

Eq.  39.28  or  491  (F.  Sacc) ;  Se;  density  of  vapour  unknovm. 

This  element  was  discovered  in  1817  by  Berzelius,  in  the  sulphur  of  Fahloii 
employed  in  a  sulphuric  acid  manufactory  in  Sweden,  and  was  named  by  him  sele- 
nium, from  XfXj^n;,  the  moon,  on  account  of  its  strong  analogy  to  another  clement, 
tellurium,  which  derives  its  name  from  tellus^  the  earth.  It  is  one  of  the  least 
abundant  of  the  elements,  but  is  found  in  minute  quantity  in  several  ores  of  copper, 
silver,  lead,  bismuth,  tellurium,  and  gold,  in  Sweden  and  Norway ;  and  in  combi- 
nation with  lead,  silver,  copper,  and  mercury,  in  the  Hartz.  It  is  extracted  from  a 
eelenifcrous  ore  of  silver  of  a  mine  in  the  latter  district,  and  supplied  for  sale  in 
little  cylinders  of  the  thickness  of  a  goose-quill,  and  three  inches  in  length,  or  in 
the  form  of  small  medallions  of  its  discoverer.  It  has  also  been  found  in  the  Lipari 
islands  associated  with  sulphur,  and  can  sometimes  be  detected  in  the  sulphuric  acid 
both  of  Grermany  and  England.  It  is  separated  from  its  combinations  with  sulphur 
and  metals  by  a  very  complicated  process,  for  which  I  must  refer  to  the  works  of 
Berzelius  (Ann.  of  Phil.  vol.  xiii.  401 ;  or  Ann.  de  Ch.  et  de  Phys.  zi.  160 ;  also 
Berzelius's  Traits,  ii.  184,  Paris  edit.  Didot,  1846).    \^See  Svpplfmejif,  p.  784.] 

Properties  of  selenium.  —  This  element  is  allied  to  sulphur,  and,  like  that  body, 
exhibits  considerable  variety  in  its  physical  characters.  When  it  cools  after  being 
distilled,  its  surface  reflects  light  like  a  mirror,  has  a  deep  reddish  brown  colour, 
with  a  metallic  lustre  resembling  that  of  polished  blood-stone ;  its  density  is  between 
4.3  and  4.32.  When  cooled  slowly  after  fusion  its  surface  is  rough,  of  a  leaden 
grey  colour,  its  fracture  fine-grained,  and  the  mass  resembles  exactly  a  fragment  of 
cobalt  But  as  selenium  does  not  conduct  electricity,  and  its  metallic  characters  are 
not  constant,  it  is  better  classed  with  the  non-metallic  bodies.  Its  powder  is  of  a 
deep  red  colour.  By  heat  it  is  softened,  becoming  semifluid  at  392^,  and  fusing 
completely  at  482^.  It  remains  a  long  time  soft  on  cooling,  and  may  then  be  drawn 
out  like  sealing-wax  into  thin  and  very  flexible  threads,  which  are  grey  and  exhibit  a 
metallic  lustre  by  reflected  light,  but  are  transparent  and  of  a  ruby  red  colour  by 
transmitted  light  It  boils  about  1292^,  and  gives  a  vapour  of  a  yellow  colour,  less 
intense  than  &at  of  sulphur,  but  more  so  than  that  of  chlorine.  The  density  of  this 
Tapoor  has  not  been  ascertained.  When  heated  to  the  degree  of  ignition,  selenium 
emits  a  powerful  odour,  suggesting  that  of  decaying  horse-radish,  by  means  of  which 
the  smallest  trace  of  this  element  may  be  detected  in  minerals,  when  heated  before 
the  blow-pipe.    The  odour  was  first  ascribed  to  a  gaseous  oxide  of  selenium,  but  it 
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is  found  by  M.  Sacc  that  selenium  heated  in  perfectly  diy  air  is  inodoroaB,  and  tin 
odour  is  now  referred  to  the  production  of  a  minute  quantity  of  hydroselenic  acid. 

Selenium  combines  in  two  proportions  with  oxygen,  forming  selenious  acid,  whid 
corresponds  with  sulphurous  acid,  and  selenic  acid  corresponding  with  sulpburii 
acid. 

Selenious  acid;  eq.  55.28  or  691;  ScOs.  —  Selenium  does  not  bum  in  air,  bn 

when  strongly  heated  in  the  bend  of  i 
glass  tube  a  b  c,  (fig.  145),  with  a  car 
rent  of  oxygen  passing  over  it,  sclenioB 
takes  fire  and  bums  with  a  flame,  whil 
at  the  base,  and  of  a  bluish  green  at  thi 
point  and  edges,  but  not  strongly  lumiD 
ous ;  selenious  acid  at  the  same  time  ooa 
dcnses  in  the  upper  part  of  the  tube  aa  i 
white  sublimate,  in  long  quadrilatcn 
needles.     Its  vapour  has  the  colour  o 
chlorine.     The  same  acid  is  the  out 
product  of  the  action  of  nitric  or  nitn 
muriatic  acid  upon  selenium,  and  is  ol 
tained  on  slowly  cooline  the  liquor  i 
large  prismatic  crystals,  striated  lengthwise,  which  have  a  consideraole  rescmblam 
to  nitre.     These  crystals  are  hydmted  selenious  acid.     This  acid  is  largely  solub) 
both  in  water  and  alcohol.     It  is  decomposed  when  in  solution,  and  selenium  pr 
cipitated  by  zinc,  iron,  or  sulphite  of  ammonia,  with  the  assistance  of  a  free  aei 
The  selenite  of  ammonia  is  also  decomposed  by  heat,  and  leaves  selenium.     Tl 
selenious  is  a  strong  acid,  displacing  nitric  and  hydrochloric  acids  from  their  comi 
nations,  but  is  displaced  in  its  turn  by  the  more  fixed  acids,  sulphuric,  boracic,  & 
at  a  high  temperature.     (F.  Sacc,  Annales  de  Ch.  3  ser.  xxi.  119.) 

SeJenic  acid,  SeOa- — Selenium  is  brought  to  this  superior  state  of  oxidation  al 
high  temperature,  by  fusion  with  nitre,  a  process  which  affords  the  seleniate 
potassa.     The  selenic  acid  is  precipitated  from  that  salt  by  the  nitrate  of  lead ;  a: 
the  insoluble  seleniate  of  lead,  after  being  washed,  is  diffused  through  water  a 
decomposed  by  a  stream  of  hydrosulphuric  acid,  which  converts  the  lead  into  in 
luble  Kuiphide  of  lead,  und  liberates  selenic  acid.     A  solution  of  this  acid  may 
concentnited  till  it^  boiling  point  rises  to  536°,  but  above  that  temperature  itchaoj 
rapidly  into  selenious  acid,  with  disengagement  of  oxygen.    Its  density  is  then  2.( 
and  it  contains  little  more  than  a  single  equivalent  of  water,  and  therefore  correspoi 
with  the  protohydrate  of  sulphuric  acid,  or  oil  of  vitriol.     Selenic  acid  has  not  h( 
obtained  in  the  anhydrous  condition.     Zinc  and  iron  are  dissolved  by  this  acid,  w 
the  evolution  of  hydrogen  gas ;  and  with  the  aid  of  heat  it  dissolves  copper  i 
even  gold,  an  operation  in  which  it  is  partially  converted  into  selenious  acid.     1 
it  docs  not  dissolve  platinum.    To  precipitate  its  selenium,  the  acid  may  be  digca 
with  hydrochloric  acid,  which  occasions  the  formation  of  selenious  acid  and 
evolution  of  chlorine,  and  then  sulphurous  acid  throws  down  the  selenium ;  for  i 
singular  that  selenic  acid  is  not  de-oxidized  by  sulphurous  acid,  although  seleni 
acid  is.     The  compounds  of  selenic  acid  with  bases,  so  much  resemble  the  co 
sponding  sulphates,  in  their  crystalline  form,  colour,  and  external  characters,  I 
they  can  only  be  distinguished  from  them  by  the  property  which  the  seleniates  h 
of  detonating  when  ignited  with  charcoal,  and  causing  a  disengagement  of  chloi 
when  heated  with  hydrochloric  acid.     To  separate  the  selenic  from  the  sulpbi 
acid,  Berzelias  recommends  the  saturation  of  the  acids  with  potassa,  and  the  igav 
of  the  dried  salt,  mixed  with  sal-ammoniac;  the  selenic  acid  is  decomposed  Dj 
ammonia  and  reduced  to  the  state  of  selenium. 
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SECTION  IX. 

PHOSPHORUS. 

Eq.  400  or  32;  P;  density  of  vapour  4327;  □ 

This  remarkable  element  appears  to  be  essential  to  tlie  organization  of  the  higher 
ftnimals,  bein^  found  in  their  fluids,  and  forming,  in  the  state  of  phosphate  of  lime, 
the  basis  of  the  solid  structure  of  the  bones.  It  is  also  found  in  most  plants,  and 
in  a  few  minerals.  Phosphorus  was  first  obtained  by  Brandt  of  Hamburgh  in  1660| 
but  Kunkel  first  made  public  a  process  for  preparing  it,  which  was  afterwards  im- 
proved by  Margraff  and  by  Scheele.  Its  ready  inflammability,  from  which  phos- 
phorus derived  its  name,  has  alwa3rs  made  this  substance  an  object  of  popular 
interest ;  while  the  singularity,  importance,  and  variety  of  the  phosphoric  compounds 
have  drawn  to  them  no  ordinary  share  of  the  attention  of  chemists. 

Preparation, — Phosphorus  is  not  a  substance  that  can  be  easily  prepared  on  a 
small  scale,  but  ever  since  the  time  of  Godfrey  Hankwitz,  to  whom  Mr.  Boylo 
communicated  a  process  for  preparing  it,  phosphorus  has  been  manufactured  in 
London,  in  considerable  quantity  and  of  great  purity,  for  the  use  of  chemists.  The 
earth  of  bones  is  decomposed  by  2-3ds  of  its  weight  of  sulphuric  acid,  and  the 
insoluble  sulphate  of  lime  separated  by  filtration  from  the  soluble  phosphoric  acid^ 
which  passes  through  with  a  quantity  of  phosphate  of  lime  in  solution.  The  acid 
liquor  is  then  evaporated  to  the  consistence  of  a  syrup,  and  mixed  with  charcoal  to 
fonn  a  soft  paste,  which  is  rubbed  well  in  a  mortar,  and  then  dried  in  an  iron  pot 
with  constant  stirring  till  the  mass  begins  to  be  red-hot.  It  is  allowed  to  cool,  and 
introduced  as  rapidly  as  possible  into  a  stoneware  retort,  previously  covered  with  a 
coating  of  fire-clay.  The  beak  of  the  retort  is  inserted  into  a  wider  copper  tube  of  a 
few  feet  in  length,  the  free  end  of  which  is  bent  downwards  a  few  inches  from  its 
extremity ;  and  the  descending  portion  introduced  into  a  wide-mouthed  bottle,  con- 
taining enough  of  water  to  cover  the  extremity  of  the  tube  to  the  extent  of  a  line 
or  two.  The  heat  of  the  furnace  in  which  the  retort  is  placed  is  slowly  raised  for 
three  or  four  hours,  and  then  urged  vigorously  till  phosphorus  ceases  to  drop  into 
the  water  from  the  copper  tube,  which  may  continue  from  fifteen  to  thirty  hours, 
aooordiDg  to  the  size  of  the  retort.  Carbon  at  a  high  temperature  tikes  oxygen 
from  the  phosphoric  acid,  and  becomes  carbonic  oxide,  so  that  the  phosphorus  in 
distilling  over  is  accompanied  all  along  by  that  gas. 

Wohler  recommends,  instead  of  the  preceding  process,  to  calcine  ivory  black, 
which  is  a  mixture  of  phosphate  of  lime  and  charcoal,  with  fine  quartzy  sand  and  a 
little  more  ordinary  charcoal,  in  cylinders  of  fire-clay,  at  a  very  high  temperature. 
Each  cylinder  has  a  bent  copper  tube  adapted  to  it,  one  branch  of  which  descends 
into  a  vessel  containing  water.  The  efficiency  of  Wohler's  process  depends  upon 
the  silica  acting  as  an  acid,  and  combining  with  the  lime  of  the  phosphate,  at  a  high 
temperature,  while  the  liberated  phosphoric  acid  is  decomposed  by  the  carbon. 

Properties, — At  the  usual  temperature  phosphorus  is  a  translucent  soft  solid  of  a 
light  amber  colour,  which  may  be  bent  or  cut  with  a  knife,  and  the  cut  surface  has 
a  wmxy  lustre.  Its  density  is  1.77.  Phosphorus  melts  at  108^,  undergoing  a 
remarkable  dilatation  of  0.0134  of  its  volume,  and  becoming  transparent  and  colour- 
less immediately  before  fusion.  It  forms  a  transparent  liquid,  possessing,  like  most 
eombostible  bodies,  a  high  refracting  power.  At  217^  it  begins  to  emit  a  slight 
Tapoor,  and  boils  at  550^,  being  converted  into  a  vapour  which  is  colourless,  of  sp. 
gr.  4355,  according  to  the  experiment  of  Dumas,  which  coincides  almost  with  the 
tiieorctical  density  4327.  Its  combining  measure,  like  that  of  oxygen,  is  1  volume, 
allowing  its  equivalent  to  be  32.  When  fused  and  left  undisturbed,  it  sometimes 
iemaim<  liquid  for  hours  at  the  usual  temperature,  particularly  when  covered  by  an 
alkaline  liquidy  bat  becomes  solid  when  touched.    Phosphorus,  when  very  pure^ 


^ 
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exhibits,  by  rapid  cooling  from  a  high  temperature,  a  modification  analogous  to  i 
which  sulphur  undergoes  in  the  same  circumstances,  but  which  is  not  so  easily  p 
duced.  Light  causes  it,  in  all  circumstances,  to  assume  a  red  tint;  to  avoid  ra 
action  phosphorus  is  usually  preserved  in  an  opaque  bottle.  Phosphonxs  canool 
crystallized  from  a  state  of  fusion,  for  this  substance  passes  in  a  gradual  main 
from  the  liquid  to  the  solid  condition,  a  circumstance  which  is  always  oppoaod 
crystallizatiou ;  but  from  its  solution  in  hot  naphtha  it  may  be  obtained,  in  coolii 
in  rhomboidal  dodecahedrons  of  the  regular  system.  It  is  quite  insoluble  in  wal 
but  soluble  to  a  small  extent,  with  the  aid  of  heat,  in  fixed  and  volatile  oiI% 
bisulphide  of  carbon,  of  which  100  parts  dissolve  20  of  phosphorus ;  in  chlorida 
sulphur,  sulphide  of  phosphorus,  and  ether. 

[The  red  substance  formed  by  the  action  of  light  appears  to  be  a  modification 
phosphorus  exhibiting  chemical  and  physical  characters  different  ^m  its  ordin 
condition.  Red  phosphorus  is  formed  not  only  by  exposure  to  light,  but  also 
keeping  phosphorus  at  a  high  temperature  (464° — 482**)  for  some  time,  whei 
assumes  a  carmine  red  colour,  thickens,  and  becomes  perfectly  opaque.  This  chu 
takes  place  in  an  atmosphere  of  dry  carbonic  acid,  nitrogen  or  hydrogen.  1 
unaltered  portion  of  the  phosphorus  is  separated  from  the  red  variety  by  meant 
bisulphide  of  carbon,  in  which  this  latter  is  insoluble,  and  it  may  be  purified  li 
greater  extent  by  boiling  it  with  a  solution  of  potassa,  washing  with  water^  tl 
with  very  dilute  nitric  acid,  and  finally  again  with  water. 

Red  phosphorus  is  in  the  form  of  a  scarlet  powder.  Its  den^ty  is  1.964. 
remains  without  alteration  in  the  air;  and  even  when  heated  gradually  in  a  cum 
of  air  it  does  not  take  fire,  requiring  a  temperature  of  500°  to  combine  with  oxy| 
and  become  luminous,  and  for  complete  combustion  that  of  572°.  When  heated 
the  boiling  point  in  a  gas  which  has  no  action  on  it,  common  phosphorus  read 
Chlorine  combines  with  it  at  common  temperatures  without  the  evolution  of  lif 
(Schrocter,  Jotim.  Ph.  and  Ch.  Av.  1851). — R.  B.]    [^See  Suppiemenff  p.  785 

Phosphorus  undergoes  oxidation  in  the  open  air,  and  diffuses  white  vapoi 
which  have  a  peculiar  odour,  suggesting  to  some  that  of  garlic,  and  are  laminos 
the  dark ;  and  at  the  same  time  the  phosphorus  becomes  covered  with  acid  dn 
which  arise  from  the  phosphorous  acid,  produced  in  these  circumstances,  attrad 
the  humidity  of  the  air.    This  slow  combustion  is  attended  with  a  sensible  evoloi 
of  heat,  and  may  terminate  in  the  fusion  of  the  phosphorus,  and  its  inflammal 
with  combustion  at  a  high  temperature.     There  is  a  necessity  for  caution,  therel 
in  handling  phosphorus,  a  bum  from  this  body  in  a  state  of  ignition  being  in  gen 
exceedingly  severe.    It  is  preserved  under  the  surface  of  water.   The  low  comboa 
of  phosphorus  has  been  particularly  studied.    It  is  not  observed  a  few  degrees  hi 
82°,  but  is  sensible  at  that  temperature,  and  increases  perceptibly  a  few  dcj 
above  it.     The  presence  of  certain  gaseous  substances,  even  in  minute  quantity, 
a  remarkable  effect  in  preventing  the  slow  combustion  of  phosphorus;  thus  at 
it  is  entirely  prevented  by  the  presence  of, 

Tolumes  of  Air, 

1  volume  of  olefiant  gas  in 450 

1  volume  of  vapour  of  sulphuric  ether  in 150 

1  volume  of  vapour  of  naphtha  in 1820 

1  volume  of  vapour  of  oil  of  turpentine  in 4444 

and  the  influence  of  these  gases  or  vapours  is  not  confined  to  low  tcmperatoj 
certain  admixture  of  all  of  them  defending  phosphorus  from  oxidation  even  at  t 
But  on  allowing  such  a  gaseous  mixture  to  expand,  by  diminishing  the  pre 
upon  it  to  a  half  or  a  tenth,  the  phosphorus  becomes  luminous,  and  the  prop( 
of  foreign  gas  required  to  prevent  the  slow  combustion  must  be  greatly  inon 
The  only  explanation  of  this  phenomenon  which  can  be  offered  at  present,  i 
the  gases  which  exert  this  influence  have  an  attraction  for  oxygen,  and  there  is  i 
to  believe  arc  themselves  undergoing  a  slow  oxidation  at  the  same  tame«    Now 
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two  oxidablc  bodies  are  in  contact,  one  of  them  often  takes  precedence  in  combining 
with  ox3'gen,  to  tbe  entire  exclusion  of  the  other.  Potassium  is  defended  from 
oxidation  in  air  by  the  same  vapours,  although  to  a  less  degree.  (Quarterly  Journal 
of  Science,  N.  S.  vol.  vi.  p.  83).  It  is  curious,  that  in  pure  oxygen,  phosphorus 
may  remain  without  oxidating  at  all,  at  temperatures  below  60^,  but  an  inconsidera- 
ble rarefaction  of  the  gas,  from  diminution  of  the  pressure  upon  it,  will  cause  the 
phosphorus  to  burst  into  the  luminous  condition.  The  dilution  of  the  oxygen  with 
nitrogen,  hydrogen,  or  carbonic  acid,  produces  the  same  effect.  When  gradually 
heated  in  air,  phosphorus  generally  catches  fire,  and  begins  to  undergo  the  hish 
combustion,  before  its  temperature  has  risen  to  140^ :  of  this  hi^h  combustion,  the 
sole  product  is  phosphoric  acid.  The  infiammability  of  phosphorus,  however,  is 
greatly  increased  by  its  impurities,  particularly  by  the  presence  of  the  red  oxide  of 
phosphorus. 

The  phosphorus  matches  now  universally  employed  for  procuring  a  light,  are 
generally  the  wooden  sulphur  match,  with  an  additional  coating,  applied  to  its 
extremity,  of  a  paste  containing  phosphorus,  which,  when  dry,  will  ignite  by  friction. 
The  materials  added  to  this  paste,  to  promote  the  combustion  of  the  phosphorus,  are 
chlorate  and  nitrate  of  potassa,  or  certain  metallic  oxides,  such  as  the  binoxide  of 
manganese  or  sesquioxide  of  lead  (minium),  which  abandon  readily  a  portion  of  thehr 
oxygen.  The  snap,  or  little  detonation  which  attends  the  ignition  of  these  matches, 
is  caused  by  the  chlorate  of  potassa,  and  is  obviated  by  substituting  nitre  for  that 
salt ;  although,  to  ^ve  the  proper  inflammability,  a  small  proportion  of  chlorate  is 
found  to  be  indispensable.  The  phosphorus  paste  is  made  by  melting  phosphorus 
in  a  vessel  with  a  certain  quantity  of  water  at  120^.  The  requisite  proportion  of 
chlorate  or  nitrate  of  potassa  is  dissolved  in  this  water,  and  the  metallic  oxides 
added,  if  the  latter  are  used,  and  then  enough  of  gum  to  thicken  the  liquid.  The 
whole  are  well  triturated  together,  in  a  mortar,  till  the  globules  of  phosphorus  cease 
to  be  visible  to  the  eye ;  and  the  mass  is  coloured  blue  with  Prussian  blue,  or  red 
with  minium.  The  points  of  the  matches  already  sidphured  are  dipped  into  this 
paste,  so  as  to  cover  their  extremities,  and  then  cautiously  dried  in  a  stove.  The 
gum  on  drying  forms  a  varnish,  which  defends  the  phosphorus  from  oxidation  by 
Uie  air  till  the  surface  is  abraded  by  friction,  when  the  phosphorus  first  takes  fire 
and  communicates  its  combustion  to  the  sulphur,  which  again  ignites  the  wood  of 
the  match. 

Phosphorus  is  susceptible  of  four  different  degrees  of  oxidation,  the  highest  of 
which  is  a  powerful  acid,  while  the  acid  character  is  not  absent  even  in  the  lowest 
These  compounds  are :  — 

Oxide  of  phosphorus 2P+0 

Ilypophosphorous  acid P+0 

Phosphorous  acid P+30 

Phosphoric  acid P+50 

OXIDE  OF  pnospnoBUS. 
Eq,  72  or  900 ;  PjO. 

When  burned  in  air  or  oxygen,  phosphorus  generally  leaves  behind  it  a  small 
quantity  of  a  red  matter,  which  is  an  oxide  of  phosphorus.  The  same  compound  is 
obtained,  in  larger  quantity,  by  directing  a  stream  of  oxygen  gas  upon  melted  phos- 
phorus under  hot  water,  and  was-  found  by  Pelouze  to  contain  8  equivalents  of 
phosphorus  to  2  of  oxygen  (Annal.  de  Ch.  et  de  Ph.  1.  83). 

But  this  oxide  is  impure,  and  the  definite  oxide  appears  to  have  been  first  obtained 
by  Levcrrier  (Anna!,  de  Ch.  et  de.  Ph.  Ixv.  257).  His  process  is  to  expose  to  the 
air  email  fragments  of  phosphorus  covered  by  the  liquid  chloride  of  phosphorus 
(PCliX  in  an  open  bolt-head.  Phosphoric  acid  is  formed,  and  also  a  yellow  matter, 
which  he  finda  to  be  a  phosphate  of  the  oxide  of  phosphoras^  and  which  gives  a  yel- 


the  composition  y^U-i-^tiiJ,  and  to  its  phosphate,  rifjU+iJl'Us. 

HYPOPHOSPHOROUS  ACID. 

Eq*  4(V  or  500;  PO;  not  isolable.  Formula  of  a  Hypophosphiie,  MO.PQ 

This  acid  was  discovered  in  1816  by  Dulong  (Annal.  de  Ch.  et  de  Phr 
It  was  obtained  by  the  action  of  water  upon  the  phosphide  of  barium,  of  i| 
phosphorus  of  one  portion  oxidates  and  becomes  the  acid  in  question,  at  till 
of  the  water,  while  the  phosphorus  of  another  portion,  combining  with  the  J 
of  the  water,  produces  phosphuretted  hydrogen  gas.  Rose  prepares  the  m 
phosphite  of  baryta  by  boiling  phosphorus  in  a  solution  of  caustic*  barytt 
the  phosphorus  disappears  and  the  vapours  have  no  longer  the  smell  of  jj 
Hose,  sur  les  Hypophosphites,  Annal.  de  Ch.  et  de  Ph.  xxxviii.  258).  W 
sulphide  of  barium.  To  separate  the  hypophosphorous  acid  from  the  baiyti 
sulphuric  acid  is  added,  which  precipitates  the  latter.  To  remove  again  l| 
of  sulphuric  acid  unavoidably  added,  the  acid  liquid  is  saturated  with  ozidi 
which  forms  a  soluble  hjrpophosphite  of  lead  and  an  insoluble  sulphate  oft 
latter  is  separated  by  filtration,  and  the  lead  thrown  down  from  the  fill! 
stream  of  hydrosulphuric  acid  gas.  The  acid  remaining  in  solution  may  h 
trated  with  caution  to  the  consistence  of  a  thick  syrup,  but  affords  na^ 
More  strongly  heated,  the  hydrate  of  hypophosphorous  acid  undergoes  it 
tion,  being  converted  into  phosphoric  acid,  with  the  evolution  of  phoii| 
hydrogen  and  a  deposition  of  phosphorus.  The  anhydrous  acid  PO  has  ai 
obtained,  3  eq.  of  water  being  essential  to  its  composition ;  namely,  1  ee| 
and  2  eq.,  which  appear  to  form  elements  of  the  acid  itself  (Wurts).  d 
formula  of  the  acid  is  H0.P0H-2H0;  or,  believing  with  Wurtz,  thaft^ 
oxygen  and  hydrogen,  of  2H0,  are  negative  elements  of  the  acid,  like  th 
in  phosphoric  acid,  the  formula  is  HO.PHaOa,  corresponding  with  the  prol 
of  phosphoric  acid  HO.  POft.  t 

Hypophosphorous  acid  is  colourless,  viscid,  and  sour  to  the  taste.  It  M 
oxygen  from  the  sesquioxide  of  lead,  and  some  other  metallic  oxides.  Whi 
with  sulphuric  acid  it  changes  the  latter  into  sulphurous  acid,  and  also  ptf 
deposit  of  sulphur,  a  property  by  which  it  is  distinguished  from  phosphoi 
the  complete  decomposition  of  sulphuric  acid  not  being  effected  by  the  M 
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PHOSPHOROUS  ACID. 

Eq,  56  or  800;  POg.     Formula  of  a  Phosphite,  2MO.PO3+HO. 

Preparation.  —  This  acid  is  the  principal  product  of  the  slow  combustion  of 
phosphorus,  but  changes  after  its  formation  into  phosphoric  acid,  from  the  further 
absorption  of  oxygen  from  the  air.  It  may  be  obtained  in  the  anhydrous  condition 
by  burning  phosphorus  with  imperfect  acccfts  of  air.  Berzelius  recommended  for 
this  openition  a  tube  of  glass,  about  10  inches  in  length  and  }  inch  in  diameteri 
vhich  is  nearly  closed  at  one  end,  an  opening  no  greater  than  a  large  pin-hole  being 
left  there,  and  at  a  distance  of  an  inch  from  this  extremity  the  tube  is  bent  at  an 
obtuse  angle.  A  small  fragment  of  phosphorus  is  introduced  into  the  angle  of  the 
tube,  and  heated  till  it  takes  fire.  It  burns  with  a  pale  greenish  flame,  and  the 
phosphorous  acid  produced  is  carried  along  by  the  feeble  current  of  air,  and  condenses 
in  the  ascending  part  of  the  tube,  as  a  white  powder,  volatile,  but  not  in  the  slightest 
degree  crystalline.  The  phosphorus  must  not  be  so  much  heated  as  to  cause  it  to 
sublime  unchanged.  In  contact  with  air,  phosphorous  acid  is  apt  to  inflame,  from 
the  heat  occasioned  by  the  condensation  of  moisture,  and  is  converted  into  phosphoric 
acid.  The  phosphorous  acid  of  the  preceding  process  is  immediately  soluble  in 
water,  while  the  phosphoric  acid,  which  sometimes  accompanies  it;  remains  for  a 
short  time  undissolved,  in  the  form  of  white  translucent  flocks. 

Uydratcd  phosphorous  acid  is  obtained  by  throwing  a  few  drops  of  water  on  the 
liquid  ter-chloride  of  phosi)horus  (PCI3),  when  that  compound  evolves  hydrochloric 
acid  gas,  and  gives  hydratcd  phosphorous  acid. 

PCI3  and  3nO=P03  and  3HC1. 

The  hydrated  acid  is  also  obtained  by  the  method  of  Droquet.  Two  or  three 
ounces  of  phosphorus  are  melted  in  a  cylindrical  glass  receiver  or  sealed  tube,  ef  10 
or  12  inches  in  length,  and  nearly  an  inch  in  diameter,  and  the  tube  filled  up  with 
water.  This  tube,  which  will  contain  a  column  of  fluid  phosphorus  of  5  or  6  inches 
in  height,  is  then  properly  disposed  in  a  bason  or  bolt-head  of  warm  water,  so  aa 
to  retain  the  phosphorous  fluid.  Chlorine  gas  is  conveyed  by  a  quill  tube,  from  a 
flask  in  which  it  is  generated,  to  the  bottom  of  the  fluid  phosphorus,  where  combi- 
Dation  takes  place  with  ignition,  and  the  chloride  of  phosphorus  is  formed.  This 
chloride  is  dissolved  by  the  water  covering  the  phosphorus,  and  converted  into 
hydrochloric  acid  and  phosphorous  acid.  The  chlorine  must  be  transmitted  very 
dowly  through  the  phosphorus,  as  any  portion  of  that  gas  which  reaches  the  water 
converts  the  phosphorous  into  phosphoric  acid ;  and  the  absorption  of  the  chlorine 
by  the  phosphorus  is  most  complete  when  it  is  free  from  any  other  gas.  When  the 
remaining  phosphorus  fixes,  upon  cooling,  the  acid  fluid  may  be  poured  ofl",  and  om- 
ccntratcd  by  boiling,  till  it  becomes  synipy  and  the  volatile  hydrochloric  acid  is 
entirely  expelled. 

Properties. — In  its  most  concentrated  state,  the  hydrate  of  phosphorous  acid  con- 
t^uns  three  equivalents  of  water,  and  crystallizes  in  transparent  prisms.  When 
heated,  it  is  resolved  into  hydratcd  phosphoric  acid,  and  pure  phosphuretted  hydrogen 
gas,  which  is  not  spontaneously  inflammable  as  so  prepared.  The  solution  of  pho.s- 
phoroos  acid  absorbs  oxygen  from  the  air  slowly,  if  concentrated,  but  quickly  when 
dilute.  Like  sulphurous  acid,  it  takes  oxygon  from  the  oxide  of  mercury,  when 
heated  with  it,  and  decomposes  also  the  salts  of  gold  and  silver.  It  is  one  of  the 
more  feeble  acids. 

Phosphites.  —  The  class  of  phosphites,  which  has  been  examined,  is  bibasic,  that 
18^  the  J  contain  2  eq.  of  base  to  1  of  phosphorous  acid.  They  also  retain  1  eq.  of 
water,  the  elements  of  which  are  proved  by  Wurtz  to  enter  into  the  constitution  of 
the  acid.  Phosphorons  acid  is  thus  represented  with  5  negative  equivalents  PHOS 
like  phosphoric  acid  FOs.  Much  information  respecting  the  phosphites  is  contained 
in  the  papers  of  Benelius.    (Annal.  de  Ch.  et  do  Ph.^  u.  151, 217,  329,  et  x.  278.) 
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Analysis  of  phosphorous  and  hypophosphorous  cicids,  — The  composidon  of  both 
phcsphorou)',  and  hypophosphorous  acid  is  determined  by  adding  nitric  acid  to  their 
solutions,  by  which  they  are  converted  into  phosphoric  acid.  Bat  the  weight  of 
the  reaulcmg  phosphoric  acid  cannot  be  obtained  by  simply  evaporating  its  solution 
to  dryness^  as  that  acid  retains  an  indefinite  quantity  of  water  in  combination.  It 
IS  necessary  to  add  to  the  liquid  a  weighed  quantity  of  oxide  of  lead,  more  than  suf- 
ficient to  neutralize  the  phosphoric  acid  and  what  remains  of  the  nitric  acid.  Tho 
whole  is  then  o'aporated  to  dryness  in  a  platinum  capsule,  and  heated  sufficiently  to 
expel  the  nitric  acid  from  the  nitrate  of  lead  formed.  The  water,  previously  com- 
bined with  the  phosphoric  acid,  is  displaced  by  the  oxide  of  lead,  and  escapes,  Icavins 
only  phosphate  of  lead  with  the  excess  of  oxide  of  lead.  This  residue  is  weighed, 
and  the  original  weight  of  oxide  of  lead  is  deducted  from  it  to  obtain  the  weight  of 
dry  phosphoric  acid.  Tho  composition  of  phosphoric  acid  being  known  (32  phos- 
phorus and  40  oxygen),  the  quantity  of  phosphorus  in  the  phosphoric  acid  of  the 
experiment  is  obtained  by  a  simple  calculation. 

Further,  if  a  stream  of  chlorine  gas  be  transmitted  through  a  solution  of  hvpo- 
phosphorous  acid,  it  is  converted  into  phosphoric  acid  by  the  oxygen  of  water  which 
is  decomposed.  The  chlorine  uniting  with  the  hydrogen  of  the  water,  at  the  same 
time,  and  becoming  hydrochloric  acid,  the  quantity  of  tho  latter  acid  produced  sup- 
plies a  measure  of  tho  oxygen  required  to  convert  the  hypophosphorous  acid  into 
phosphoric  acid. 

The  composition  of  phosphorous  acid  may  also  be  deduced  from  the  analysis  of 
terchloride  of  phosphorus,  which  can  be  made  very  exactly.     One  hundred  graini 
of  that  liquid  compound  being  mixed  with  water  in  a  flask,  it  is  instantaneously 
converted  into  hydrochloric  and  phosphorous  acid ;  and  by  the  addition  of  a  littk 
nitric  acid  the  latter  acid  is  changed  into  phosphoric  acid.     The  chloride  of  silver, 
precipitated  by  a  solution  of  nitrate  of  silver  added  in  excess  to  the  acid  liquid,  wiU 
weigh  810.85  grains,  and  contains  76.85  grains  of  chlorine.     Uencc  100  gndnsof 
terchlcridc  of  phosphorus  contain  76.85  grains  of  chlorine,  and  the  remaining  23.U 
grains  is  phosphorus.     But  these  numbers  are  in  the  proportion  32  phosphorus  and 
106.5  chloriue,  or  1  eq.  of  the  former,  and  3  eq.  of  the  latter;  giving  P  CI3  as  tin 
composition  of  the  terchloride  of  phosphorus.     Finally,  as  phosphorous  add  it 
formed  from  the  terchloride  of  phosphorus,  by  replacing  the  chlorine  by  an  equin 
lent  quantity  of  oxygen,  it  follows  evidently  that  the  composition  of  phosphoroa 
acid  is  PO3. 

PHOSPnORIO  ACID. 

Eq.  72  or  900 ;  POs ;  forms  three  hydrates  and  three  classes  of  salts  : 

Formula  of  a  Monobasic  phosphate^  or  Metaphosphate MO.POi 

"         "      Bihasic  pliosphatCy  or  Pyrophosphate 2  M O.PO| 

"         "       Tribasic  phosphate,  or  Phosphate 3MO.P0, 

Preparation, — To  obtain  this  acid  in  a  state  of  purity,  a  convenient  process  is 
set  fire  to  about  a  drachm  of  phosphorus  upon  a  little  metallic  capsule,  placed  in  tl 
centre  of  a  large  stone-ware  plate,  and  immediately  cover  it  by  a  dry  bell  jar  oft! 
la.-^ost  size.  Tho  phosphorus  is  converted  into  white  flakes  of  phosphoric  ad 
which  are  retained,  with  very  little  loss,  within  the  bell  jar,  and  fiill  upon  the  pb 
like  snow. 

The  process  may  be  made  a  continuous  one,  and  a  large  quantity  of  phospha 
acid  prepared  by  the  arrangement  of  figure  146.  The  phosphorus  is  burned  will 
a  large  glass  balloon  A,  having  three  tubulurcs,  which  has  been  well  dried  bcfor 
hand.  The  cork  of  the  upper  tubuhire  is  traversed  by  a  long  tube,  a  6,  open 
both  ends,  and  about  half  an  inch  in  diameter,  and  which  descends  to  about  t 
centre  of  the  globe.  A  little  capsule  of  platinum  or  porcelain  v  is  attached, 
means  of  ]>latinum  wires,  below  tho  lower  opening  of  this  tube.  To  the  scco 
dbulure  d  a  drying  tube  C,  containing  pumice  soaked  in  oil  of  vitriol^  ia  attache 
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and  to  the  third  tubnlure  g  a  gomewhat  wido  bent  tube,  gh,oi  which  the  other 
estremity  descends  into  a  well-dried  bottle  B.  This  kat  vessel  ia  placed  in  com. 
muDicBtjon,  by  means  of  the 

tube  k  I,  with  any  sBpirating  '•<>•  l^O- 

appani(n»,  by  means  of  wbi(£ 
%  conrinuona  current  of  air  is 
determined,  which  peDctrales 
by  the  tube  C,  where  it  is 
dried,  and  traverses  the  whole 
apparatus.  A  fragment  of 
phOBphorus  is  now  dropt  upon 
the  capsule  c,  by  tbc  tube  a  b, 
lighted  by  a  hot  wire,  and  tbo 
upper  opcDing  a  then  closed 
oj  a  cork.  ^Vben  tbc  com- 
bustion is  completed,  another 
fragiacnt  of  phosphonu  iH 
added,  always  taking  care  to 
dry  the  fnigraeDt  carefully 
with  filter  paper  before  its  m 
troductioD.  The  phospbono 
acid  produced  ia  partly  depo- 
utcd  in  the  globe  A,  and  partly  earned  forward  into  tbo  bottle  B  It  is  thus  ol^ 
tained  quite  anhydrous. 

The  dry  pbosphoric  acid  is  distinguished  by  the  same  shade  of  white,  absence  ot 
crystallization,  and  perfect  opacity,  ns  solid  carbonic  acid.  Exposed  for  a  few 
minutes  to  the  air,  it  deliquesces;  and  when  the  solid  acid  is  collected  in  a  wine- 
^ass,  and  a  few  drops  of  water  are  thrown  upon  it,  it  is  converted  into  a  hydrate 
with  explosive  ebullition,  &om  the  heat  evolved.  The  anhydrous  acid  is  perfectly 
fixed,  unle.as  in  the  presence  of  aqueous  vapour,  when  it  eubliincs  away,  probably  ia 
tbe  state  of  a  hydrate. 

Ffaoepborus  may  likewise  be  oxidated  by  menus  of  nitric  acid.  In  this  operation, 
the  fuming  nitric  acid  should  bo  dilulcd  with  nn  c(|«al  bulk  of  woter,  to  avoid  aooi- 
dents  from  the  violent  action  of  (be  acid,  which  may  cause  the  phospborus  to  be 
projected  in  a  state  of  iguition;  tbc  diluted  acid  is  boiled  upon  tbc  phosphorus,  and 
Dein^  afterwards  cvapontcd  to  dryness,  it  yields  a  hydrated  phosphoric  acid. 

Phosphoric  acid  ia  also  obtained  in  large  qituntily  from  calciaeil  boocs,  which  are 
reduced  to  a  fine  powder  and  mixed  with  4-otlis  of  ibcir  weieht  of  oil  of  vitriol,  pre- 
viously  diluted  with  4  or  5  times  Its  bulk  of  wafer,  as  in  the  preparation  of  pbosi 
phorus  (page  318).  Carbonate  of  ommouia  is  then  added  to  the  filtered  aolution  of 
phosphoric  acid,  and  the  resulting  phosphate  of  ammonia  being  evaporated  to  dnr. 
Desa  and  heated  to  low  redness  in  a  platinum  crucible,  a  hydrate*!  phosphoric  acid 
nemaina,  in  a  fused  state,  which  is  known  as  glacial  phosphoric  acid,  from  its  resem- 
blance to  ice. 

To  exhibit  many  of  ita  properties,  pboiiphoric  acid  must  be  first  dissolved  in 
init«r,  when  the  compound  is  found  to  be  marked  by  an  inconstancy  and  variable- 
ata  in  its  characters,  most  unusual  in  a  strong  acid.  This  arises  front  the  circum- 
atance  that  it  is  not  actual  phosphoric  acid  which  dissolves  in  water,  any  more  than 
it  ii  true  ■ulpburic  acid  which  dissolves  in  water  when  oil  of  vitriol  is  added  to  that 
fluid.  It  ia  a  hydrate  of  both  acids,  which  is  soluble;  the  phosphate  of  water  io 
the  one  case  and  the  sulphate  of  water  in  tbe  other.  But  tho  phosphoric  add  dificrs 
from  tbe  mlphoric,  in  a  aingulor  and  alinost  peculiar  capacity  to  form  three  different 
nits  of  water,  instead  of  one  only;  and  these  three  phosphates  of  water  ore  all 
Boluble  without  change,  and  exhibit  properties  so  different,  that  tbey  might  be  sup- 
posed to  contain  three  different  acida.  ^\'hen  tho  dry  acid  from  the  combustion  of 
phoipfaonu  ia  thrown  into  water,  it  produces  a  mixture,  in  variable  proportions,  of 
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the  three  hydrates ;  hnt  each  of  them  may  be  had  separately,  and  in  a  state  of 
purity,  by  a  particular  process.     ^Scc  Sypplcmevf^  p,  700.1 

Terhydratc,  or  trihasic  phosphate  of  water,  3H0  -I-  POg.  —  The  oommon  phos- 
phate of  soda  of  pharmacy  may  be  had  recourse  to  for  all  the  hydrates  of  phosphoric 
acid ;  but  it  should  bo  first  dissolved  and  crystallized  anew  to  panfy  it  To  a  wann 
solution  of  the  pure  phosphate  of  soda  in  a  bason,  a  solution  of  acetate  of  lead  in 
distilled  water  is  added,  so  long  as  it  occasions  a  prccipit:ite ;  the  phosphate  of  soda 
requires  rather  more  than  an  equal  weight  of  acetate  of  lead.  The  dense  insoluble 
phosphate  of  lead  which  precipitates,  is  washed,  and  being  afterwards  suspended  in 
cold  water,  is  decomposed  by  a  stream  of  hydrosulphuric  acid  gas  sent  through  it 
The  licjuid  may  then  be  warmed,  to  expel  the  excess  of  hydrosulphuric  acid,  and 
filtered  from  the  black  sulphide  of  lead  :  it  is  very  sour,  and  contains  the  terhydratc 
of  phosphoric  acid.  The  chanicters  of  this  acid  solution  arc,  to  give  a  yellow  pre- 
cipitate with  nitrate  of  silver,  to  give  a  granular  crystalline  precipitate  with  amraonia 
and  sulphate  of  magnesia  —  the  phosphate  of  magnesia  and  ammonia,  to  yield  the 
common  phosphate  of  soda  when  neutralized  with  carbonate  of  soda,  to  form  salts 
which  have  invariably  3  cq.  of  base  to  1  of  phosphoric  acid,  and  to  be  unalterable 
by  boiling  its  solution  or  keeping  it  for  any  length  of  time.  The  class  of  salts  which 
this  hydrate  forms  are  the  old  phosphates,  which  have  long  been  known,  and  it  it 
convenient  to  allow  them  to  be  particularly  distinguished  as  the  phosphates  or  the 
common  phosphates. 

DeiUo-hydraU  of  phosphoric  acid,  or  hibasic  phosphate  of  water,  2HO  +  PO5.— 
Dr.  Clark  first  discovcrcil  that  when  the  phosphate  of  soda  is  heated  to  redness,  it  if 
completely  changed,  and  after  being  dissolved  in  water  aflfords  crystals  of  a  new  salt 
which  he  named  the  pyrophosphate  of  soda, — an  observation  which  led  to  intercstinj 
results.     (FA.  Journ.  of  Science,  vol.  vii.  p.  298,  182G;  or  Annal.  de  Ch.  et  d 
Phys.  xli.  270.)     If  a  solution  of  this  salt,  which  it  is  not  necessary  to  crystalliK 
be  precipitated  by  acetate  of  lead,  the  insoluble  salt  of  lead  washed  and  decompose 
by  hydrosulphuric  acid,  as  before,  an  acid  liquor  is  obtained  which  contains  tb 
deuto-hydrate  of  phosphoric  acid.     It  must  not  be  warmed  to  expel  the  excess  0 
hydrosulphuric  acid,  but  be  left  in  a  shallow  bason  for  twenty-four  hours  to  perm 
the  escape  of  that  gas.     This  acid,  when  neutralized  with  carbonate  of  soda,  givn 
Dr.  Clark's  pyrophosphate  of  soda.     It  also  gives  a  white  precipitate  with  nitr* 
of  silver;  all  the  salts  which  it  forms  have  uniformly  two  eq.  of  base.     They  we 
named  the  pyrophosphates,  and  since  that  term  has  come  into  use,  it  is  not  likely  1 
be  superseded  by  the  systematic,  but  rather  inconvenient  designation  of  bibas 
phosphates.     A  dilute  solution  of  the  deuto-hydrate  of  phosphoric  acid  may  be  pr 
served  for  a  month  without  sensible  change,  but  when  the  solution  is  exposed  f 
some  time  to  a  high  temperature,  it  passes  entirely  into  the  terhydratc. 

Protohydrate  of  phosphoric  acid. — If  the  biphosphate  of  soda  be  heated  to  n 
ness,  a  salt  is  formed,  which  treated  in  a  similar  manner  with  the  last,  gives  an  « 
liquid,  containing  the  protohydrate  of  phosphoric  acid.     To  prepare  the  biphospb 
itself,  a  solution  of  the  terhydratc  of  phosphoric  acid  is  added  to  a  solution  of  00 
mon  phosphate  of  soda,  till  it  is  found  that  a  drop  of  the  latter  is  no  longer  pre 
pitated  by  chloride  of  barium.     The  biphosphate  of  soda,  which  is  now  in  solatv 
can  only  be  crystallized  in  cold  weather.     The  glacial  phosphoric  acid  also  is 
general  almost  entirely  the  protohydrate.     This  hydrate  is  characterized  by  p 
ducing  a  white  precipitate  in  solution  of  albumen,  which  is  not  disturbed  by ' 
other  hydrates,  and  in  solutions  of  the  salts  of  earths  and  metallic  oxides,  prec 
tates  which  are  remarkable  semifluid  bodies,  or  soft  solids,  without  crystadliati 
All  those  salts  contain  only  one  eq.  of  base  to  one  of  acid,  like  the  protohydnte 
the  acid  itself.     The  name  mctaphosphates  was  applied  to  the  class  by  myself 
mark  the  cause  of  the  retention  of  peculiar  pro})erties  by  their  acid,  when  free  1 
in  solution ;  namely,  that  it  was  not  then  simply  phosphoric  acid,  but  phosphoric  1 
together  with  water,     (llescarches  on  the  Arseniates,  Phosphates,  and  ModiGcati 
of  Phosphoric  Acid;  Phil.  Trans.  1833,  p.  253 ;  or  Phil.  Mag.  8d  Eer.^  toL  iv 
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401.)  This  is  the  least  stable  of  the  hydrates  of  phosphoric  acid,  being  converted 
rapidly,  by  the  ebullition  of  its  solution,  into  the  terhydrate.  If  the  terms  meta- 
phosphoric  acid  and  pyrophosphoric  acid  are  employed  at  all,  it  is  to  be  remembered 
that  they  are  applicable  to  the  proto  and  deutohydrates,  and  not  to  the  acid  itself| 
which  is  the  same  in  all  the  hydrates.  But  to  prevent  the  chance  of  misconception, 
metaphosphato  of  water  and  pyrophosphate  of  water  might  be  substituted  for  the 
former  terms. 

A  solution  of  the  terhydrate  of  phosphoric  acid,  evaporated  in  vacuo  over  sulphuric 
acid,  crystallizes  in  thin  plates,  which  arc  extremely  deliquescent.  The  deutohydrate 
has  also  been  obtained  in  crystals.  When  heated  to  400^,  the  terhydrate  loses  a 
portion  of  water,  and  becomes  a  mixture  of  the  deuto  and  protohydrates ;  and  by 
heating  it  to  redness  for  some  time,  the  proportion  of  water  may  be  reduced  to  one 
equivalent,  or  perhaps  even  less  than  this ;  and  such  is  the  composition  of  glacial 
phosphoric  acid.  But  at  that  high  temperature  much  of  the  hydrated  phosphoric 
acid  passes  off  in  vapour.  The  solution  of  phosphoric  acid  is  not  poisonous,  nor 
when  concentrated  does  it  act  as  a  cautery,  but  it  injures  the  teeth  from  its  property 
of  dissolving  phosphate  of  lime.  The  soluble  phosphates,  which  are  not  acid,  give 
a  precipitate  with  chloride  of  barium,  which  is  the  phosphate  of  baryta.  This 
phosphate,  in  common  with  all  the  insoluble  phosphates,  is  dissolved  by  nitric  acid, 
hydrochloric  acid,  and  even  acetic  acid,  a  property  by  which  it  is  distinguished  ^m 
sulphate  of  baryta.  A  solution  of  phosphate  of  lime  in  phosphoric  acid  has  been 
prescribed  in  rickets,  a  disease  which  indicates  a  deficiency  of  earthy  phosphate  in 
the  system.  The  phosphate  of  soda,  also,  is  given  as  a  mild  aperient ;  its  taste  is 
saline,  but  not  disagreeably  bitter. 

Phosphates. — The  formation  of  three  classes  of  phosphates  from  the  three  basic 
hydrates  of  phosphoric  acid,  affords  an  excellent  illustration  of  the  formation  of 
compounds  by  substitution ;  the  quantity  of  fixed  base,  such  as  soda,  wiih  which 
phosphoric  acid  combines  in  the  humid  way,  being  entirely  regulated  by  the  propor- 
tion of  water  previously  in  union  with  the  acid,  which  is  simply  replaced  by  the  fixed 
baae.  Thus,  tlic  protohydnito  of  phosphoric  acid  combines  with  no  more  than  one, 
and  the  deutohydrate  with  no  more  than  two  c(|uivulents  of  soda,  although  a  larger 
quantity  of  alkali  be  added  to  it.  The  excess  of  alkali  remains  free.  Again,  sup- 
posing an  equivalent  quantity  of  the  terhydrate  of  phosphoric  acid  in  solution,  and 
one  equivalent  of  soda  added  to  it,  one  equivalent  only  of  water  is  displaced,  and 
two  retained,  and  a  phosphate  formed,  containing  one  of  soda  and  two  of  water  as 
bases ;  the  salt  already  adverted  to  under  its  old  name  of  biphosphate  of  soda.  Let 
a  second  equivalent  of  soda  be  added  to  this  salt,  and  a  second  basic  equivalent  of 
water  is  displaced,  and  a  tribasic  salt  produced,  containing  two  of  soda  and  one  of 
water  as  bases,  which  is  the  common  phasphate  of  soda  of  pharmacy.  A  third 
equivalent  of  soda  added  to  the  last  salt  displaces  the  last  remaining  equivalent  of 
basic  water,  and  a  tribasic  phosphate  is  formed,  of  which  the  whole  three  equivalents 
of  base  are  soda,  and  which  has  the  name  of  subphosphate  of  soda.  But  this  last 
salt  can  unite  with  no  more  soda.  The  same  three  salts  may  be  formed  by  means 
of  the  tribasic  phosphate  of  water,  in  another  manner.  That  acid  hydrate  decom- 
poses chlorido  of  sodium,  but  only  to  a  certain  extent,  expelling  hydrochloric  acid, 
80  as  to  acquire  one  of  soda,  and  becoming  2HO.NaO  +  I^05,  or  the  biphosphate  of 
soda  already  referred  to ;  the  same  acid  hydrate  applied  to  the  carbonate  or  the 
aoetate  of  soda,  can  assume  two  proportions  of  soda,  displacing  twice  as  much  of  the 
weaker  carbonic  and  acetic  acids,  as  of  the  hydrochloric  acid,  and  so  becomes 
H0.2NaO+P05,  or  the  common  phosphate  of  soda;  and  the  same  acid  hydrate 
applied  to  the  hydrate  of  soda  (caustic  soda,)  assiunes  three  of  soda,  and  becomes 
8NaO  +  POs,  or  the  subphosphate  of  soda. 

From  soluble  tribasic  phosphates,  such*as  those  mentioned,  insoluble  salts  may  be 
meipitated,  which  are  Ukewiso  tribasic,  by  adding  solutions  of  most  metallie  salts 
llms  one  equivalent  of  the  common  phosphate  of  soda,  added  to  the  nitrate  of 
silTBT  in  excess,  decomposes  3  equivalents  of  it^  and  produces  the  yellow  tribasic 
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phosphate  of  silver,  as  explained  in  the  following  dii^gram,  in  which  the  namai 
substance  is  understood  to  express  one  equivalent  of  it^  and  the  figoresy  nnmlMi 
equivalents : — 

Before  decomposition.  After  deeompodtion. 

^,      ,   ,     (2  Soda • 72  Nitrate  of  soda 

Phosphate   y     ^^^j. ^ ^/_^  j^jt^^  ^£  ^^ 

of  soda     ^    Phosphoric  acid 

ft  xT-i    X      ("2  Nitric  acid 

8  Nitrate    \     Citric  acid . 

of  silver     1^3  Q^^g  ^£  gji^gj. N^    Phosphate  of  silver 

(TriUisio  phosp.  silT.] 

Here,  then,  is  exact  mutual  decomposition,  but  it  is  attended  with  a  phenooM 
which  does  not  occur  when  other  neutral  salts  decompose  each  other.  The  U 
does  not  remain  neutral,  but  becomes  highly  acid  after  precipitation ;  the  reaaa 
that  one  of  the  new  products  is  the  nitrate  of  water,  or  hydrated  nitric  acid; 
consequentlj  Uie  products,  although  neutral  in  composition^  are  not  neutral  to 

paper. 

The  pyrophosphate  of  soda,  which  is  bibasic,  decomposes,  on  the  other  handi 
proportions  of  nitrate  of  silver,  and  rives  a  pyrophosphate  or  bibasic  phosphii 
silver,  which  is  a  white  precipitate ;  tnus  — 

Before  deoomposiUon.  After  decompoution. 

Pyrophosphate  f  2  Soda — ^2  Nitrate  of  soda 

of  soda       \     Phosphoric  acid ^^"^ 

2  Nitrate  of     f  2  Nitric  acid •/^'\^      t>       1.         t   -i 

silver         12  Oxide  of  silver J:^  ^^P^^*-.  ^^  «7: 

^  (Bibasic  phoB.  sil.) 


Here  there  is  no  salt  of  water  among  the  products,  and  consequently  the 
neutral  after  precipitation. 

The  metaphosphate  of  soda,  which  is  monobasic,  like  the  sulphates,  nitratei 
other  famili^  salts,  decomposes  like  these  but  one  proportion  of  nitrate  of  silTflB 
forms  a  white  precipitate  \  thus  — 

Before  decomposition.  After  decomporitioii. 

Metaphosph.  C  Soda -^  Nitrate  of  soda 

of  soda      (  Phosphoric  acid 

Nitrate  of      (  Nitric  acid 

silver        \  Oxide  of  silver ^S  Metaphosphate  of  fl 

(Monobasic  phoa.  ■ 

If  acetate  or  nitrate  of  lead  be  substituted  for  nitrate  of  silver  in  these  dee 
sitions,  a  tribasic,  bibasic,  or  monobasic  salt  of  lead  is  obtained  in  the  same  mi 
and  these  salts,  again,  decomposed  by  hydrosulphurio  acid  gas,  afibrd  respei 
the  tcrhydrate,  deutobydrate,  and  protohydrate  of  phosphoric  acid.  The  ioA 
of  the  decomposition  of  the  metaphosphate  of  lead  by  hydrosulphuric  add  1 
sufficient  to  explain  how  a  hydrate  of  phosphoric  acid  comes  to  be  formed 
these  cases:  — 

Before  decompositioD.  After  decompoeitiQa 

Metai3hosDh  (  P^^^^P^on^J  ^^^^ 7  Metaphosph.  of  water 

of  lead    '\  0^yg®° • -/^  (Protohydr.  of  phoB.f 

(^Lead 

Hydrosulph.  (Hydrogen 

acid        (Sulphur .__J^^ Sulphide  of  lead. 
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It  will  be  observed  that  the  hjdrosulphuric  acid  forms  1  equivalent  of  water,  at 
the  same  time  that  it  throws  down  the  sulphide  of  lead.  In  this  phosphate  of  lead, 
there  is  only  1  equivalent  of  oxide  of  lead,  and  consequently  only  1  equivalent  of 
water  is  formed ;  but  if  there  were  2  or  3  equivalents  of  oxide,  there  would  be  2  or 
3  equivalents  of  water  formed  and  conveyed  to  the  acid ;  or  the  phosphoric  acid  is 
alwa^'s  left  in  combination  with  as  many  equivalents  of  water  as  it  previously  pos- 
sessed of  oxide  of  lead.  Thus  the  different  hydrates  of  phosphoric  acid  are  obtained 
from  the  decomposition  of  the  corresponding  phosphates  of  lead. 

In  no  decomposition  of  this  kind  is  there  any  transition  from  one  class  of  phos- 
phates into  another,  because  the  decompositions  are  always  mutual,  and  the  products 
of  a  neutral  character.  Hence  an  argument  for  retaining  the  trivial  names,  common 
phosphates,  pyrophosphates,  and  metaphosphates,  for  there  is  no  changing,  in  de- 
compositions by  the  humid  way,  from  one  to  the  other,  and  the  salts  comport  them- 
selves so  far  quite  as  if  they  had  different  acids.  The  circumstances  may  now  be 
noticed  in  which  a  transition  from  the  one  class  to  the  other  does  occur : — 

1st. — Changes  without  the  intervention  of  a  high  temperature.  When  solutions 
of  the  metaphosphate  and  pyrophosphate  of  water  are  warmed,  they  pass  gradually 
into  the  state  of  common  phosphate,  combining  with  an  additional  quantity  of 
water ;  and  the  metaphosphate  of  water  appears  then  to  become  at  once  common 
phosphate,  without  passing  through  the  intermediate  state  of  hydration  of  the  pyro- 
phosphate. The  metaphosphate  of  baryta  also,  which  is  an  insoluble  salt,  is  gra- 
dually dissolved  in  boiling  water,  and  becomes  common  phosphate  by  assuming  2 
eq.  of  basic  water.  The  easy  transition  from  the  one  class  of  phosphates  to  the 
other,  then  witnessed,  forbids  the  supposition  that  they  contain  different  acids,  or 
different  isomeric  modifications  of  phosphoric  acid.  Indeed,  it  might  as  well  be 
supposed  that  in  the  protoxide  and  sesqui-oxidc  of  iron,  the  metal  exists  in  different 
isomeric  conditions,  because  these  oxides  possess  peculiar  properties,  and  combine  in 
different  proportions  with  the  same  acid.  Iron  in  its  two  oxides  gives  rise  to  differ- 
ent compounds,  because  they  are  formed  by  substitution ;  and  phosphoric  acid  in 
its  three  hydrates  gives  rise  to  different  compounds,  from  the  same  cause.  The 
degree  of  oxidation  of  the  iron  and  the  degree  of  hydration  of  the  acid  are  anterior 
conditions,  due  to  the  special  unexplained  affinities  with  which  each  element  or  com- 
pound is  invested.  It  is  remarkable  that  pyrophosphates  of  potassa  and  of  ammonia 
exist  in  solution,  and  perfectly  stable,  but  not  in  the  dry  state.  These  salts  do  not 
crystallize.  The  pyrophosphate  of  ammonia,  indeed,  when  allowed  to  evaporate 
uptjntaneously,  appears  to  crystallize,  but  in  the  act  of  becoming  solid,  it  passes  into 
common  phosphate  (the  biphosphate  of  ammonia,  2HO.NH4O  +  PO5). 

2d. — Changes  with  the  intervention  of  a  high  temperature.  If  a  single  equivalent 
of  phosphoric  acid,  anhydrous,  or  in  any  state  of  hydration,  be  calcined  at  a  tempe- 
rature which  may  fall  short  of  a  red  heat  (1^),  with  1  equivalent  of  soda  or  its  car- 
bonate, the  metaphosphate  of  soda  will  be  formed ;  (2^)  with  2  equivalents  of  soda 
or  its  carbonate,  the  pyrophosphate  of  soda  will  be  formed ;  and  (3^)  with  3  equi- 
valents of  soda  or  its  carbonate,  a  common  phosphate  of  soda  will  be  formed. 
HenoCi  the  formation  of  none  of  these  classes  is  peculiarly  the  effect  of  a  high  tem- 
perature. Again,  a  tribasic  phosphate^  containing  one  or  two  equivalents  of  a 
volatile  base,  such  as  water  or  ammonia,  loses  the  volatile  base,  when  ignited,  and 
the  acid  remains  in  combination  with  the  fixed  base.  Hence,  common  phosphate 
of  Boda  (H0.2NaO+P05)  is  converted  by  heat  into  pyrophosphate  (2NaOH-P06). 
the  original  observation  of  Dr.  Clark ;  and  the  biphosphate  of  soda  (2HO.NaO  +  POs) 
into  metaphosphate  of  soda  (NaO  +  PO5).  The  acid  remains  in  combination  mm 
the  fixed  base^  and  the  salt  produced  may  be  dissolved  in  water  without  assuming 
basic  water. 

The  metaphosphate  of  soda  is  susceptible  of  a  remarkable  conversion,  by  the 
agency  of  a  certain  temperature,  and  exhibits  a  change  of  nature,  without  a  change 
of  compoation,  such  as  often  occurs  in  organic  compounds,  but  rarely  admits  of  so 
satisfactory  an  explanation.    This  particular  salt,  in  common  with  all  the  other 
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phosphates,  combines  with  water,  which  becomes  attached  to  the  salt,  in  the  state  of 
constitutional  water,  or  water  of  crj'stallization.  The  mctaphosphate  of  soda,  in 
hydrated,  when  dried  at  212®,  retains  1  equivalent  of  water,  but  that  water  is  nol 
basic,  for,  on  dissolving  the  salt  again,  it  is  found  still  to  be  a  mctaphosphate.  Bal 
let  this  hydrated  metaphasphiitc  be  heated  to  300°,  and  without  losing  anything,  IJ 
changes  completely,  and  becomes  a  pyrophosphate,  —  the  water  which  was  cimstita 
tional  before,  being  now  basic.  The  formulae  of  the  salt  in  its  two  states  exhibit  Ic 
the  eye  the  nature  of  the  internal  change  which  occurs  in  it : 

1 . — Hydrated  mctaphosphate  of  soda NaO.POj  +  II 0, 

2. — Pyrophosphate  of  soda  and  water NaO.  H  0  +  PO^. 

Phosphates  of  the  form  3MOH-2P05.  —  The  recent  investigations  of  Flcitmaoi 
and  Henneberg  establish  the  existence  of  two  new  classes  of  phosphates,  intermediati 
between  the  monobasic  and  bibasic  classes.  The  soda-salt  of  the  preceding  formnli 
is  produced  by  fusing  together,  in  a  platinum  crucible,  100  parts  of  anhydroa 
pyrophosphate  of  soda  and  76.87  parts  of  mctaphosphate  of  soda :  the  white  crjs 
talline  mass  which  results  is  reduced  to  powder,  and  quickly  exhausted  with  water 
for,  on  long  digestion,  the  ordinary  phosphates  are  obtained.  The  sodarsalt  is  soluU 
in  about  twice  its  weight  of  cold  water,  and  has  a  faint  alkaline  reaction.  It  gi\'ef 
by  precipitation  with  nitrate  of  silver  and  with  phosphate  of  magnesia,  salts  corra 
ponding  with  the  soda-salt,  and  which  have  not  the  properties  of  a  mixture  of  pyn 
phosphate  and  mctaphosphate. 

Phosphates  of  the  form  GMO-f-SPOj.  —  The  soda-salt  was  obtained  by  fusan 
together  100  parts  by  weight  of  pyrophosphate  of  soda  and  307.5  of  metaphosphati 
The  solution  is  by  no  means  stable,  but  gives,  when  freshly  prepared,  a  precipital 
in  nitrate  of  silver,  which  is  readily  soluble  in  excess  of  the  soda-salt,  and  possesM 
the  composition,  when  fused,  of  CAgO-fSPOj.     (Liebig's  Annalen,  Ixv.  304.) 

Modifications  of  metaphosphoric  acid.  —  The  metaphosphates  already  describi 
arc  prepared  from  the  monobasic  phosphate  of  soda  in  the  vitreous  condition ;  tb 
phosphate,  when  cooled  immediately  from  a  state  of  fusion,  remaining  a  transparei 
colourless  glass.  But  if  this  glassy  phosphate  be  cooled  very  slowly,  a  bcaudf 
crystalline  mass  is  obtained.  On  dissolving  it  in  a  small  quantity  of  hot  water,  tl 
liquid  di\ides  into  two  strata,  the  more  considerable  one  containing  the  crjstalli 
salt,  and  the  other  a  portion  of  unaltered  mctaphosphate  of  soda.  The  vitreo 
mctaphosphate,  and  all  the  salts  derived  from  it,  are  remarkable  for  not  crystalliiii 
but  form  liquid  or  semi-liquid  viscid  hydrates.  But  the  crystalline  metaphospkt 
of  soda  is  described  as  giving  beautiful  crystals  of  the  triclinometric  system, « 
taining  water  of  crystallization.  Its  solution  is  neutral,  and  has  a  cooling,  pa 
saline  taste,  while  the  vitreous  mctaphosphate  of  soda  is  insipid.  It  is  rapidly  a 
verted  into  the  acid  common  phosphate  by  boiling.  The  corresponding  silver-sail 
obtained  by  adding  nitrate  of  silver  to  a  tolerably  concentrated  solution  of  the  so 
salt.    It  is  white,  crystalline,  and  is  represented  by  the  formula  3(AgO.P05)  +  2H 

Phosphates  were  obtained  by  Mr.  Maddrcll,  by  adding  the  solution  of  sulpha 
of  magnesia,  nickel,  cop]>or,  soda,  lime,  baryta,  alumina,  to  an  excess  of  phosphc 
acid,  evaporating,  to  expel  the  sulphuric  acid,  and  heating  to  upwards  of  000°; 
the  form  of  a  crystalline  granular  substance,  which  were  all  monobasic. .  They 
all  anhydrous,  insoluble  in  water  and  diluted  acids,  but  generally  decomposed 
concentrated  sulphuric  acid,  and  appear  to  form  a  class  of  metaphosphates  differ 
from  the  preceding  two.  The  magnesian  metaphosphates  of  this  class  have  a  ( 
position  to  combine  with  the  corresj^onding  soda-salt,  when  any  of  that  base  is  pres 
in  the  phosphoric  acid  with  which  they  arc  ignited.  The  double  salt  of  maffDt 
and  soda  is  represented  by  3(MgO.P05)  +  NaO.P05;  that  of  nickel  and  sodi, 
6(NiO.P05)  +  NaO.P05).     (Mem.  Chem.  Soc.  iii.  273.) 

The  only  explanation  which  can  be  offered  of  these  modifications  of  the  ni' 
phosphoric  acid,  is,  that  they  are  of  a  polymeric  character;  such  as  MO.P 
2MO.2PO5;  3M0.3P06,  or  perhaps  even  higher  multiples  of  MO-PO..    No  d 
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bowever,  appear  to  exist  by  whicb  a  place  in  tbis  polymeric  series  can  be  ascribed  to 
tbe  respective  modifications  witb  any  degree  of  certainty.  MM.  Fleitmann  and 
Hcnneberg,  wbo  bave  lately  investigated  the  subject  witb  much  ability,  are  disposed 
to  represent  metapbospboric  acid  by  6MO.6PO5 ;  and  certainly  witb  tbis  proportion 
of  base  constant  and  tbe  pbospborio  acid  variable;  tbe  otber  classes  may  be  consist- 
ently represented : — 

Common  pbospbate 6MO+2PO« 

Pyropbospbate GMO  +  SPOj 

Fleitmann  and  Hennebcrg's  new  pbospbates  -j  fXTolT'SPO* 
Metapbospbate 6MO+6PO5 

Tbe  different  classes  of  pbospbates  are  tbus  represented  as  all  sex-basic  salts,  witb 
a  different  polymeric  acid  in  each,  PiOio*  P3O15,  &c.  But  this  theory  does  not  em- 
brace tbe  modifications  of  metapbospboric  acid,  nor  will  it  serve  to  represent  several 
known  double  pbospbates;  such,  for  instance,  as  tbe  double  pyropbospbate  of  cop- 
per and  soda,  3(2NaO.P05)+2CuO.P05.     [See  Su^yplemenf,  p.  786.] 

Analysis  of  phosphoric  acid  and  of  the  phosphates.  —  Phosphoric  acid  is  pro- 
duced when  the  pentachloride  of  phosphorus  is  thrown  into  water :  — 

PCI5  and  5HO=P05  and  5HC1. 

It  may  be  inferred  with  certainty  from  this  decomposition,  that  pbospboric  acid 
eontains  5  equivalents  of  oxygen,  in  the  same  manner  as  tbe  composition  of  phos- 
phorous acid  is  deduced  from  the  decomposition  of  the  terchloride  of  phosphorus  by 
water  (page  318).  The  affinity  of  phosphoric  acid  for  water  is  very  intense,  the 
tnbydrous  phosphoric  acid  taking  water  even  from  oil  of  vitriol  and  eliminating 
vibydrous  sulphuric  acid,  at  a  high  temperature.  As  hydra  ted  phosphoric  acid 
eannot  be  made  anhydrous  by  heat,  the  proportion  of  dry  acid  in  a  solution  of  tbe 
free  acid  is  determined  by  adding  a  known  weight  of  oxide  of  lead,  evaporating  to 
dryness,  and  heating  the  residue,  as  in  the  case  of  sulphuric  acid.  Tbe  phosphate 
of  lead  formed  being  anhydrous,  the  increase  of  weight  whicb  tbe  oxide  of  lead  sus- 
tains represents  exactly  the  weight  of  dry  phosphoric  acid. 

In  determining  the  proportion  of  phosphoric  acid  in  a  salt  of  an  alkaline  or  earthy 
base,  tbe  acid,  if  not  already  in  the  tribasic  form,  is  first  brought  to  that  condition 
by  boiling  with  a  little  nitric  acid.  1 .  The  excess  of  nitric  acid  being  then  neutra- 
lized by  ammonia,  the  phosphate  is  again  dissolved  in  acetic  acid.  If  tbe  solution 
contains  no  sulphuric  acid  nor  chlorine,  the  phosphoric  acid  may  be  entirely  separated 
by  tbe  addition  of  nitrate  of  lead,  in  the  form  of  an  insoluble  phosphate  of  lead, 
2PbO.HO.PO5,  which  washes  easily,  and  loses  water  and  becomes  pyrophosphate, 
2PbO.POs,  when  calcined  (Heintz).  This  method  is  based  upon  tbe  insolubility 
of  phosphate  of  lead  in  acetic  acid.  2.  Phosphoric  aoid  may  also  be  thrown  down 
fix>m  tbe  solution  of  an  alkaline  phosphate,  by  adding  first  carbonate  or  hydrocblorate 
of  ammonia  and  then  sulphate  of  magnesia,  when,  upon  stirring  tbe  pbospbate  of 
magnesia  and  ammonia, 

2MgO.NH,O.P05+  12H0, 

fidla  aa  a  granular  precipitate.  Tbis  phosphate  must  be  precipitated  in  an  alkaline  solu- 
tion, and  washed  witb  water  containmg  hydrocblorate  of  ammonia,  as  it  is  very  soluble 
in  acids,  and  even  soluble  in  a  sensible  degree  in  pure  water.  When  ignited  it  loses  its 
volatile  constituents,  and  remains  pyrophosphate  of  magnesia,  2Mg0.P05.  3.  Tbe 
pbospboric  acid  not  being  in  combination  with  a  base  which  yields  a  pbospbate  insoluble 
m  acetic  acid,  an  addition  is  made  to  the  liquid,  which  may  be  acid,  of  an  excess  of 
the  acetate  of  the  sesqui-oxide  of  iron.  The  phosphate  of  sesqui-oxide  of  iron, 
FegO^POf,  immediately  separates  as  a  slightly  reddish  yellow  flaky  precipitate, 
which  is  collected  and  washed  upon  a  filter.  This  phosphate  is  dissolved  off  the 
filter  by  a  few  drops  of  hydrochloric  acid,  then  the  salt  of  iron  reduced  to  tbe  state 
of  protoxide  by  boiling  it  witb  sulphite  of  soda,  and  afterwards  the  quantity  of  iron 
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ascertained  by  finding  how  much  of  a  solution  of  permanganate  of  potassa  of  knowB 
composition  is  required  to  peroxidize  the  iron.  The  phosphate  of  iron  being  of 
known  composition,  the  quantity  of  phosphoric  acid  is  calculated  from  the  iro^ 
2  eqs.  of  that  metal  being  present  in  the  phosphate  for  1  eq.  of  pho^horic  acid  or 
of  phosphorus;  that  is,  700  parts  iron  representing  900  parts  phosphoric  acid 
(Raewsky  and  Marguerite).  The  acetate  of  sesqui-oxide  of  iron,  wnicb  is  not  per- 
manent, is  best  prepared  extemporaneously  from  solutions  of  100  parts  of  iron-alum 
and  of  98  parts  of  acetate  of  soda  in  equal  quantities  of  water,  of  which  equal 
volumes  are  mixed  at  the  moment  the  acetate  of  iron  is  required. 

In  describing  the  various  classes  of  phosphates,  with  their  relations  to  each  other, 
I  have  been  thus  minute,  partly  because  considerable  explanatory  detail  was  required, 
from  the  extent  of  the  subject,  but  principally  for  the  sake  of  the  light  which  tiie 
phosphates  throw  upon  the  constitution  of  the  class  of  organic  acids,  and  upon  the 
function  of  water  in  many  compounds.  Indeed,  phosphoric  acid  is  one  of  the  lioki 
by  which  mineral  and  organic  compounds  are  connected.  And  it  may  be  reasonablj 
supposed  that  it  is  that  pliancy  of  constitution  which  peculiarly  adapts  the  phosphoric^ 
above  all  other  mineral  acids,  to  the  wants  of  the  animal  economy. 

PHOSPHORUS  AND  HTPROQEN. 

Solid  hydride  of  phosphorus^  PgH.  —  Magnus  formed  a  phosphide  of  potasaa 
by  fusing  phosphorus  and  potassium  under  naphtha.  When  this  compound  i 
thrown  into  water,  a  compound  of  phosphorus  and  hydrogen  precipitates  in  the  fon 
of  a  yellow  powder.  The  solid  hydride  of  phosphorus  becomes  red  when  expose 
to  light;  it  does  not  shine  in  the  dark,  nor  take  fire  below  320^  (160°  G.)  It  i 
insoluble  in  water  and  alcohol,  and  is  decomposed  by  alkalies,  with  the  formatio 
of  oxide  of  phosphorus,  free  hydrogen,  gaseous  phosphuretted  hydrogeoy  and 
hypophosphitc. 

Phosphuretted  hydrogen  gas;  eq.  19  or  237.5;  PIT,.  —  This  gas,  which 
remarkable  for  its  occasional  spontaneous  inflammability  in  air,  was  discovered  I 
Gengcmbre  in  1783,  and  has  been  successively  investigated  by  several  chemisl 
Its  true  nature  was  first  ascertained  by  Rose,  who  proved  it  to  be  a  compound  harii 
the  same  proportion  of  hydrogen  as  ammoniacal  gas,  with  phosphorus  in  the  pb 
of  nitrogen.  The  pure  gas  is  obtained  by  heating  hydrated  phosphorous  add,  whi 
is  resolved  into  phosphuretted  hydrogen  and  hydrated  phosphoric  acid :  thos  — 

4(3HO  +  P03)  or  12H0  and  4P03=PH,  and  9HO  +  3PO,. 

The  gas  so  prepared  does  not  inflame  spontaneously  when  allowed  to  escape  ii 
air,  but  kindles  when  a  light  is  applied  to  it,  and  bums  with  the  white  flame 
phoHphorns.  A  little  air  added  to  the  gas,  which  had  no  effect  at  first,  has  be 
observed  to  produce  occasionally  an  explosion  after  a  time.  The  gas  consists  el 
volume  of  phosphorus  vapour  and  6  volumes  of  hydrogen,  condensed  into  4  volan 
so  that  it  has  the  s:imc  combining  measure  as  ammoniacal  gas.  Its  density  is  111 
Phosphuretted  hydrogen  has  a  disagreeable  alliaceous  odour^  is  but  slightly  sold 
in  water,  and  has  no  alkaline  reaction. 

The  same  gas,  in  a  self-inflammable  state,  is  obtained  by  boiling  phosphorus  w 
water  and  an  excess  of  Irmo,  or  in  a  strong  solution  of  caustic  potassa,  in  the  fl 
A  (fig.  147),  at  the  water-trough  B.  The  first  effect  is  the  formation  of  bjpopl 
phite  of  lime,  with  the  evolution  of  phosphuretted  hydrogen  gas : 

4P  and  3CaO  and  3HO=PH3  and  3CaO+3PO. 

Phosphuretted  hydrogen  is  again  evolved,  but  mixed  with  a  considerable  awtt 
of  free  hydrogen,  when  the  hydrated  hypophosphite  of  lime  is  evaporated  to  oitii 
phosphate  of  lime  being  the  residuary  product. 
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Each  bubble  of  gas  on  escaping  into  air  takes  fire,  and  produces  a  beautiful  white 
wreath  of  smoke,  consisting  of  phosphoric  acid.  The  spontaneous  inflammability  is 
due  to  the  presence  of  a  small  quantity  of  the  vapour  of  a  liquid  compound  of  pnos- 
phorus  and  hydrogen,  and  was  first  explained  by  M.  P.  Thdnard. 

Phoephurottcd  hydrogen  decomposes  some  metallic  solutions,  such  as  those  of 
copper  and  mercury,  and  forms  metallic  phosphides.  When  the  gas  is  pure,  it  is 
entirelj  absorbed  by  sulphate  of  copper  and  by  chloride  of  lime.  With  hydriodic 
acid,  phosphuretted  hydrogen  forms  a  crystalline  compound,  which  is  interesting 
from  its  analogy  to  sal  ammoniac.  It  may  be  prepared  by  mixing  together  its  con- 
Btitaent  gases  over  mercury ;  or  more  easily  by  introducing  into  a  small  tubulated 
retort  GO  parts  of  dry  iodine  with  15  of  phosphorus  finely  granulated,  and  mixing 
these  bodies  intimately  with  pounded  glass ;  8  or  9  parts  of  water  are  then  added  to 
the  mixture,  and  the  vapours  which  immediately  come  off  are  allowed  to  escape  by 
a  glass  tube  open  at  both  ends,  adapted  to  the  beak  of  the  retort  in  which  bcautifid 
small  crystals  of  the  salt  condense,  of  a  diamond  lustre.  Hose  observed  that  these 
crystals  do  not  belong  to  the  Hegular  System,  and  are,  therefore,  not  isomorphous 
with  sal  ammoniac.  They  are  decomposed  by  water,  with  evolution  of  phosphuretted 
hydrogen. 

Phosphuretted  hydrogen  combines  also,  like  ammonia,  with  the  perchlorides  of 
tin,  titanium,  chromium,  iron,  and  antimony,  forming  white  saline  bodies.  The 
combination  with  bichloride  of  tin  is  decomposed,  with  escape  of  the  gas  in  the  non- 
inflammable  state,  by  water,  and  in  the  spontaneously  inflammable  condition  by 
solution  of  ammonia. 

Liquid  hydride  of  phosphorus,  PHj.  —  This  substance,  which  was  discovered  by 
H.  Paul  Thenard,  is  obtained  by  exposing  the  phosphuretted  hydrogen  gas,  evolved 
by  the  action  of  water,  at  140^  (60^  C.)  on  the  phosphide  of  calcium  CajP,  to  a^ 


freesing  mixture  in  a  condensing  tube.     It  is  a  colourless  liquid,  of  high  refracting 
power,  which  does  not  freeze  at  — 4°  ( — ^20°  C),  but  which  a  temperature  of  +  86^ 

2'\0^  G.)  is  sufficient  to  decompose.  It  is  resolved  under  the  influence  of  light  into 
e  gaseous  and  solid  hydrides  of  phosphorus.  The  same  decomposition  is  produced 
br  contact  with  very  difilerent  substances,  such  as  alcohol,  oil  of  turpentine,  hydro- 
dUoric  acid,  and  many  pulverulent  matters. 

This  compoQnd  is  one  of  the  most  inflammable  substances  known,  taking  fire 
^KiDtaiieoiialy  in  aiTj  and  boming  with  a  dazzling  flame.    The  most  minute  trace 
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of  its  vapour,  diffusing  into  the  different  combustible  gases,  each  as  hydrogen,  ciiw 
bonic  oxide,  cyanogen,  defiant  gas,  &c.,  communicates  to  them,  as  it  does  to  phos- 
pliurettcd  hydrogen,  the  property  of  inflaming  spontaneously  in  air  or  oxygen. 
(P.  Thenard;  Annal.  de  Ch.  et  Ph.,  3me.  scr.  xiv.  5.) 


PHOSPHORUS  AND   NITROOEN. 

Both  chlorides  of  phosphorus  absorb  ammoniacal  gas,  and  form  solid  white  com* 
pounds.  The  combination  of  the  terchloride  contains  2^  equivalents  of  ammonia, 
but  that  of  the  perchloride  was  not  found  equally  definite.  When  exposed  to  a 
strong  red  heat,  without  access  of  oxygen,  these  compounds  leave  a  white  amorphoui 
body,  which  was  supposed  to  be  a  nitride  of  phosphorus,  PNg.  (Rose :  Annal.  da 
Ch.  et  Ph.,  liv.  275.)  It  is  most  easily  prepared  by  transmitting  a  stream  of  diy 
carbonic  acid  gas  over  the  ammoniacal  compound,  in  a  tube  of  hard  glass,  heated  by 
a  charcoal  fire,  so  long  as  vapours  of  sal  ammoniac  sublime. 

This  substance,  which  is  remarkable  for  its  fixity,  is  not  soluble  in  any  men- 
Btruum,  nor  acted  upon  by  dilute  acid  or  alkaline  solutions.  It  is  not  affected  even 
when  heated  in  an  atmosphere  of  chlorine  or  sulphur,  but  is  decomposed  wh^ 
heated  in  hydrogen  gas,  with  the  formation  of  ammonia. 

According  to  M.  Gerhardt,  the  pentachloride  of  phosphorus  absorbs  ammonia, 
with  the  evolution  of  some  hydrochloric  acid,  and  the  formation  of  a  compoond 
PCl3.(NH2)^  The  nitride  of  phosphorus  also  contains  hydrogen,  and  ought  to  be 
represented  by  the  formula  PN2H :  its  formation  from  the  perchloride  of  f^ioa' 
phorus  and  ammonia  taking  place  according  to  the  equation : — 

PCI5  and  2NH8  =  5HC1  and  PN.H. 

This  compound,  PNgH,  which  is  named  Phospham  by  Gerhardt|  is  decom'poaed 
by  fusion  with  hydrate  of  potassa,  and  converted  into  ammonia,  and  the  ordinal] 
phosphate  of  potassa.  At  a  high  temperature  water  acts  upon  phospham,  giviof 
rise  to  ammonia  and  phosphoric  acid. 


PHOSPHORUS  AND   SULPHUR.  —  SULPHIDES  OF  PHOSPHORUS. 

Phosphorus  and  sulphur  combine  in  all  proportions,  with  the  evolution  of  mod 
heat,  and  sometimes  with  explosion.  These  elements  most  safely  unito  under  bo 
water,  of  which  the  temperature,  however,  must  not  exceed  160°;  for  othenrii 
hydrosulphuric  and  phosphoric  acids  may  be  produced  with  such  rapidity  as  to  oca 
sion  an  explosion.  The  compounds  obtained  in  this  manner  are  of  a  pale  yelloi 
colour,  —  more  fusible  and  more  inflammable  than  phosphorus  itself.  They  wei 
supposed  to  be  indefinite  in  composition ;  but  Berzelius  has  shown  that  they  fon 
a  series  of  sulphides  of  phosphorus  corresponding  in  composition  with  the  oude 
with  one  sulphide  additional.     They  are  represented  by  the  formula 


Subsulphide,  PgS corresponding  with  Oxide  of  Phosphorus,  P,0. 

Protosulphide,  PS "  "  Hypophosphorous  Acid,  PO. 

Tersulphide,  PS3  "  "  Phosphorous  Acid,  PO,. 

Pentasulphide,  PS5 "  "  Phosphoric  Acid,  PO,. 

Persulphide,  PS12 without  an  oxygen  analogue. 

These  compounds  may  all  be  formed  directly  by  fusing  sulphur  and  phoephon 
together  in  the  requisite  proportions,  and  are  generally  crystallizable.  The  terse 
phide  was  originally  obtained  by  SeruUas  by  the  action  of  hydrosulphuric  aoid  up( 
the  terchloride  of  phosphorus.  They  are  insoluble  in  water,  alcohol,  or  ether;  b 
combine  readily  with  alkaline  sulphides,  and  form  series  of  sulphur-aalts  oonemoD 
ing  with  the  hypophosphitc8,  i^linsphitos,  and  phosphates,  [^See Supplement^  p.  781 

l^tSce  Svpi^fementy  p.  787.] 


CHLORINE. 


329 


SECTION  X. 


CHLORINE. 


Eg.  85.5  or  443.75;  CI;  density  2440; 


This  substance  was  disoovered  by  Schcele  id  1774,  but  was  believed  to  be  of  a 
compound  nature,  till  Gaj-Lussac  and  Thdnard,  in  1809,  showed  that  it  might 
reasonably  be  considered  a  simple  substance.  It  is  to  the  powcrfal  advocacy  of 
Pavy,  however,  who  entered  upon  the  investigation  shortly  afterwards,  that  the 
establishment  of  the  elementary  character  of  chlorine  is  principally  due,  and  to  him 
it  is  indebted  for  the  name  it  now  bears,  which  is  derived  from  ;t^copo;,  yellowish* 
green,  and  refers  to  its  colour  as  a  gas,  elementary  bodies  being  generally  named 
from  some  remarkable  quality  or  important  circumstance  in  their  history.  Chlorine 
is  the  leading  member  of  a  well-marked  natural  family,  to  which  also  brominci 
iodine,  and  fluorine  belong.  Phosphorus,  carbon,  hydrogen,  sulphur,  and  most  of 
the  preceding  elementary  bodies,  have  little  or  no  action  upon  each  other,  or  upon 
the  mass  of  hydrogenous,  carbonaceous,  and  metallic  bodies  to  which  they  are  ex- 
posed in  the  material  world;  all  these  substances  being  too  similar  in  nature  to  have 
much  affinity  for  each  other.  But  the  class  to  which  chlorine  belongs  ranks  apart| 
and,  with  a  mutual  indifierence  to  each  other,  they  exhibit  an  intense  affinity  for 
the  members  of  the  other  great  and  prevailing  class  —  an  affinity  so  general  as  to 
^e  the  chlorme  &mily  the  character  of  extraordinary  chemical  activity,  and  to 
preclude  the  possibility  of  any  member  of  the  class  existing  in  a  free  and  uncom- 
bined  state  in  nature.  The  compounds,  again,  of  the  chlorine  class,  with  the  excep- 
tion of  those  of  fluorine,  are  remarkable  for  solubility,  and  consequently  find  a  place 
among  the  saline  constituents  of  sea  water,  and  are  of  comf^ratively  rare  occurrence 
in  the  mineral  kingdom;  with  the  single  exception  of  chloride  of  sodium,  which^ 
besides  being  present  in  large  quantity  in  sea  water,  forms  extensive  beds  of  rock 
salt  in  certain  geological  formations. 

Preparation. — The  fuming  hydrochloric  acid  or  muriatic  acid  (as  it  is  also  called) 
of  commerce,  is  a  solution  in  water  of  hydrochloric  gas,  a  compound  of  chlorine  and 
hydrogen,  from  which  chlorine  gas  is  easily  procured.  The  liberation  of  chlorine 
results  from  contact  of  the  acid  named  with  binoxide  of  manganese,  and  the  reac- 
tion which  then  occurs  is  made  most  obvious  in  the  following  mode  of  conducting 
the  experiment : — A  few  ounces  of  the  strongly  fuming  hydrochloric  acid  are  intro- 
duced into  a  flask  a  (fig.  148),  with  a  perforated  cork  and  tube  b,  upon  which  a 
bulb  oir  two  have  been  expanded ;  and  that  tube  is  connected,  by  means  of  a  short 

Fig.  148. 
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caouichono  tube,  with  the  drying  tube  c,  containing  fragments  of  chloride  of  cat 
ciom,  and  the  last  is  connected  in  a  similar  manner  wiw  the  exit  tabe  d,  which 
descends  to  the  bottom  of  a  dry  and  empty  bottle  e.  Upon  applying  the  spirit-lamp 
to  a,  the  liquid  in  the  flask  soon  begins  to  boil,  and  the  hydrochloric  gas  passes  on, 
depositing,  perhaps,  a  little  moisture  in  the  bulbs  of  h,  which  may  be  kept  cool  by 
wet  blotting-paper,  and  beinff  completely  dried  in  passing  through  c.  It  is  con- 
veyed by  £?  to  the  bottom  of  the  bottle  e,  and  finally  escapes  and  produces  white 
fumes  in  the  atmosphere,  after  displacing  the  air  of  that  bottle.  The  hydrochloric 
gas  is  obtained  in  e  unchanged,  and  will  redden  and  not  bleach  a  little  blue  infusion 
of  litmus  poured  into  e.  But  between  the  tube  c  and  d,  let  another  tube  be  now 
interposed  having  a  pair  of  bulbs  blown  upon  it  /and  g  (fig.  149),  one  of  which/ 


FiQ.  149. 
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oontuns  a  quantity  of  pounded  anhydrous  binozide  of  manganese;  the  bottle 
remaining  as  before.  Then,  upon  applying  heat  to  the  manganese  bolb  /,  A 
hydrochloric  gas  will  be  found  to  suffer  decomposition  as  it  traverses  that  bulb,  i 
hydrogen  uniting  with  the  oxygen  of  the  manganese,  and  forming  water,  which  wi 
condense  in  drops  in  g,  and  disengaged  chlorine  proceeds  on  to  e,  in  which  that  g 
will  be  perceptible  from  its  yellow  tint,  and  more  so  by  bleaching  the  infusion  • 
reddened  litmus  remaining  in  e.  If  the  transmission  of  hydrochloric  acid  ov&r  t) 
binozide  of  manganese  be  continued  for  sufficient  time,  the  latter  loses  all  its  ozyge 
and  the  metal  remains  in  the  state  of  protochloride.  Indeed,  only  one-half  of  t 
chlorine  of  the  decomposed  hydrochloric  gas  is  obtained  as  gas,  the  other  hMf  bei; 
retained  by  the  manganese,  as  will  appear  by  the  following  diagram : — 

PROCESS  FOB  CHLOBINE  FROM  HYDROCnLORIO  ACID  AND  BXNOXIDS  01 

MANGANESE. 
Before  decomposition.  After  decompoeitioii. 

Hydrochloric  acid     j  ^Y'''' Chlorine. 

•^  (  Hydrogen Water. 

.  f  Oxygen 

Binozide  of  mangan.  -<  Manganese Chloride  of  manganese. 

(Oxygen 

Hydrochloric  acid     {^^:::-^ ^  ^,^,. 

Or  in  symbols :— Mn02+2HCl=MnCl  and  2H0  and  CL 

The  most  convenient  method  of  preparing  chlorine  gas  is  by  mixing  in  a  flisl 
/"fig.  150),  1  part  of  binozide  of  manganese  with  4  parts  of  hydxodilorio  m 
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dilated  vitb  1  of  water.  Efibrvesccnco,  from  escape  of  gas,  takes  pbce  in  the  cold, 
lut  is  grc&tly  promoted  by  the  appHcalioD  of  a  geatlc  heat.  The  goa  is  collected  in 
G  over  water,  of  which  the  tcmperatare  should  not  be  less  than  80°  or  90°;  other- 
wise a  great  waste  of  the  gas  occurs  from  ita  solution  in  the  water,  and  also  a  con- 
■eqnent  annoyance  to  the  operator  from  the  escape  of  the  chlorioe  into  the  atmo- 
■phere,  by  evaporation  from  the  sarface  of  the  water-trough.  If  tho  gas  is  not  to 
be  used  immediately,  but  prcscn-ed,  it  should  be  collected  in  bottles,  into  vrbicb, 
when  filled  with  gas,  their  stoppers  greased  should  be  inserted  before  they  ore 
temovcd  from  the  trough.  Before  tho  gas  obtained  by  this  process  can  be  considered 
as  pure,  it  should  be  transmitted  through  water  iu  a  wash-bottle  B,  to  remove 
bydrochlorio  acid.  If  the  gas  is  to  be  dried,  it  must  be  sent  throDgh  a  tube  con- 
tauning  chloride  of  calcium,  of  two  or  three  feet  in  length,  some  difficulty  being 
experienced  in  drj-ing  this  gas  in  a  perfect  manner,  owing  to  its  low  diffusive  power. 
Chlorine  cannot  be  collected  over  mercury,  as  it  combines  at  once  nft  that  metal,. 
A  wmewhat  different  process  for  the  preparation  of  chlorine  is  geiferally  followed 
on  the  large  scale.  About  6  parts  of  manganese  with  8  of  common  salt  arc  intro- 
duced into  a  large  leaden  vessel,  of  a  form  nearly  globular,  oa  represented  (fig.  151), 
and  5  or  6  feet  in  diameter,  and  to  these  is  added  as  much  of  the  anconcentnited 
■ulphuric  acid  of  the  leaden  chambers  as  is  equiva- 
lent to  13  parts  of  oil  of  vitriol.  The  leaden  vessel 
b  placed  in  an  iron  pan,  or  has  an  outer  casing,  d 
e;  and  to  heat  the  materials,  steam  is  admitted 
by  d  into  the  space  between  the  bottom  and  outer 
casing.  In  the  figure,  which  is  a  section  of  the 
leaden  retort,  a  represents  the  tube  by  which 
the  chlorine  escapes,  b  a  large  opening  for  intro- 
dociDg  the  solid  material  covered  by  a  Fid  or  water 
Talre,  its  edges  dipping  into  a  channel  containing 
water,  e  a  twisted  leaden  funnel  for  introducing  the 
add,  /  a  wooden  agitator,  and  c  a  discharge  tube, 
by  which  the  waste  materials  are  mo  off  after  the 

prooesB  is  finished.     A  retort  of  lead  cannot  be  ^ 

tmd  with  safetv  with  Innoxide  of  manganese  and  '     *"^^s^^^*^ 

h;droGhloria  soid  fbi  chlorine,  owing  to  the  action  of  tho  aoid  upon  the  lead,  and 
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the  evolution  of  hydrogen  gas  (which  proJnces  a  spontaneonslj-erplosive  mixturs 
with  chlorine),  or,  it  is  said,  of  euchlorine.  In  the  reaction  which  occurs  in  the 
leaden  retort,  it  may  be  supposed  either  that  hydrochloric  acid  is  first  liberated  from 
chloride  of  sodium  by  sulphuric  acid,  and  afterwards  decomposed  by  binoxide  of 
manganese,  as  in  the  preceding  experiment ;  or  that  sulphates  of  manganese  and 
soda  are  simultaneously  formed,  and  chlorine  liberated  in  consequence,  as  stated  in 
the  following  diagram,  in  which  the  names  express  (as  usual)  single  equivalents  :^ 

PROCESS  FOB  CHLORINE  FROM  CHLORIDE   OF   SODIUM  (COMMON  SALT),  BINOXIDI 

OF  MANGANESE,  AND  SULPHURIC  ACID. 

Before  decomposiUon.  After  decomporitioiL 

^, ,    .,      -     J.  (Chlorine ..Chlorine. 

Chlonde  of  sodium      j  g^j^^ 

Sulphuric  acid Sulphuric  acid --^^^  Sulphate  of  soda. 

Binoxide  of  manganese  J  J^^^^^-pj^i^nea;: 

Sulphuric  acid Sulphuric  acid ' ^  Sulph.  of  mangan. 

Or  in  symbols : 

NaCl  and  280,  and  MnOa=NaO.SO,  and  MnO.SO,  and  CI. 

A  new  manufacturing  process  for  chlorine  has  lately  been  applied  by  Mr.  C 
Tennant  Dunlop,  in  which  the  use  of  binoxido  of  manganese  is  superseded  by  nitrii 
acid.  One  equivalent  of  nitric  acid  is  found  to  communicate  two  equivalents  ol 
oxygen  to  the  hydrochloric  acid,  and  thus  evolve  two  equivalents  of  chlorine.  Th 
decomposed  nitric  acid  is  evolved  in  the  form  of  nitrous  acid  vapour  NOs,  and  it  i 
an  essential  part  of  the  process  to  absorb  that  vapour  by  means  of  sulphuric  acid 
and  to  introduce  the  nitrous  acid  in  this  form  into  the  leaden  chamber. 

Properties.  —  Chlorine  is  a  dense  gas  of  a  pale  yellow  colour,  having  a  pecuhi 
suffocating  odour,  absolutely  intolerable  even  when  largely  diluted  with  air,  an 
occasioning  great  irritation  in  the  trachea,  with  coughing  and  oppression  of  the  cbes) 
Some  relief  from  these  effects  is  experienced  from  the  inhalation  of  the  vapour  o 
ether  or  alcohol.  The  density  of  chlorine  gas  is,  by  experiment,  2470 — by  theoi] 
2440.  Under  a  pressure  of  about  4  atmospheres,  chlorine  condenses  into  a  limpi 
liquid  of  a  bi^t  yellow  colour,  of  sp.  gr.  about  1.33,  and  which  has  not  bee 
frozen.  Water  at  60^  dissolves  twice  its  volume  of  this  gas,  and  acquires  the  ye 
lowish  colour,  odour,  and  other  properties  of  chlorine.  To  form  chlorine-water, 
stout  bottle  filled  with  the  gas  at  the  water-trough,  may  be  closed  with  a  good  coil 
and  removed  to  a  basin  of  cold  water :  on  loosening  the  cork  with  the  mouth  of  tk 
bottle  under  water,  a  little  water  will  enter  it,  from  the  contraction  of  the  gas  I 
cooling ;  and  this  water  may  be  agitated  in  contact  with  the  gas  by  a  lateral  mov 
ment  of  the  bottle  without  removing  it  from  the  water ;  on  loosening  the  cork  agaii 
more  water  will  be  found  to  enter  the  bottle,  and  by  repeating  the  agitation  az 
admission  of  water,  the  whole  gas  (if  pure)  is  absorbed,  and  the  bottle  is  in  the  ei 
filled  with  water,  which  of  course  contains  an  equal  volume  of  chlorine  gas.  Wit 
water  near  its  freezing  point,  chlorine  combines  and  forms  a  crystalline  hydnd 
which  Faraday  found  to  contain  10  eqs.  of  water.  Hence  chlorine  gas  cannot  1 
collected  at  all  over  water  below  40°.  Exposed  to  light,  chlorine  water  soon  los 
its  properties,  water  being  decomposed  and  hydrochloric  acid  formed,  with  the  e? 
lution  of  oxygen  gas.  But  it  may  be  preserved  for  a  long  time  in  an  opaque  boti 
properly  closed.  When  diluted  so  far  that  the  water  does  not  contain  above  1  or  1 
per  cent,  of  its  bulk  of  chlorine,  the  odour  is  by  no  means  strong,  and  such  m  idl 
tion  may  be  employed  in  bleaching  without  inconvenience  to  the  workmen,  althooi 
a  combination  of  chlorine  with  hydrate  of  lime,  called  the  chloride  of  lime,  is  gen 
rally  preferred  for  that  purpose. 
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Chlorine  does  not  in  anj  cirdamstancca  nnito  diroctl;  with  oxygen,  altlinugli 
teveral  compountla  of  these  elemenls  can  be  formeil  j  nor  ia  it  known  to  cocnbina 
directljr  with  nitrogen  or  carbon.  Chlorine  and  hydrogen  gases  may  be  mixed  and 
prcserTed  in  the  dark  without  uniting,  but  combination  ia  determined  with  cic|>Ioston 
by  spongy  platinum  or  the  electric  spark,  or  by  eiposure  to  the  direct  rays  of  the 
sun;  even  under  the  diffuse  light  of  day,  combination  of  the  g-.isca  tikes  plaoo 
npidly,  but  without  explosion.  Chlorine,  indeed,  has  a  strong  affinity  for  hydrogen, 
tmd  decomposes  moiit  bodies  containing  that  clement,  hydrochloric  acid  being  always 
formed.  In  planging  an  ignited  taper  into  chlorine  gas,  its  flame  is  eEtinL'uished, 
but  the  column  of  oily  vapour  rising  from  the  wick  is  rekindled  by  the  cnlorine, 
and  the  hydrogenous  part  of  (he  combustible  continues  to  bum  with  a  red  nnd 
smoky  flame,  which  expires  on  removing  the  taper  into  air.  Paper  dipped  in  oil  of 
turpentine  takes  fire  spontaneously  in  this  gas,  and  the  oil  bums,  with  the  deposition 
of  a  large  (juantity  of  carbon.  The  affinity  of  chlorine  for  most  metals  ia  eqwilly 
great :  antimony,  arsenic,  and  several  others,  showered  in  powder  into  this  gas,  take 
fire,  and  produce  a  brilliant  combustion.  Chlorine  is  absorbed  by  alcohol  and  many 
other  organic  substances,  when  it  generally  eliminates  more  or  less  hydrogen,  as 
hydrochloric  acid,  and  enlera  also  by  substitution  into  the  original  compound,  in  iho 
place  of  that  hydrogen.  It  bleaches  all  vegetable  and  animal  colouring  matters, 
and  ia  believed  then  generally  to  act  in  that  manner.  The  colours  arc  destroyed 
and  cannot  be  revived  by  any  treatment. 

A  stream  of  chlorine  gas,  thrown  into  a  bottle  of  dry  ammoaiacal  cas,  produces 
a  jet  of  flame  from  the  combustion  of  the  hydrogen  of  the  ammonia.  When  chlorine 
is  passed  through  the  undiluted  solution  of  ammonia,  the  same  decomposition  takes 
place,  and  the  reaction  is  a  convenient  sourco  of  nitrogen  gas  (page  244). 


The  anangcment  represented  in  Sg.  152  may  be  used  for  this  purpose.  It  consiats 
of  a  large  globular  flask  A,  in  which  chlorine  is  evolved  from  the  usual  materials} 
two  wash-bottles,  B  and  C,  containing  solution  of  ammonia,  the  first  placed  in  a 
bason  of  cold  water  to  repress  its  temperature.  The  nitrogen  evolved  passes  through 
a  U-tube,  E,  containing  fragments  of  pumice  impregnated  with  a  solution  of  caustio 
potasBs,  to  absorb  any  chlonne  that  may  escape  the  action  of  the  ammonia ;  and  the 
gas  is  finally  collected  in  bottles,  F,  ^Icd  with  water  acidulated  with  bydrochlorio 
add,  to  absorb  the  vapour  of  ammonia  with  which  the  nitrogen  b  accompanied. 

Chlorine  when  freo  is  ea«]y  recognized  by  ils  odour  and  bleaching  power,  and  by 
producing  both  when  free  and  in  the  soluble  chlorides,  with  nitrate  of  ulvcr,  a  whita 
'  precipitate  of  chloride  of  silver,  which  is  soluble  in  ammonia,  bat  not  soluble 
a  01  boiling  nitric  acid. 


\ 
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Uses. — Chemistry  has  presented  to  the  arts  few  substances  of  which  tlio  i 
tions  arc  more  valuable.  Chlorine  is  the  discolouring  agent  of  the  modem 
of  bleaching,  which,  as  it  is  generally  conducted  with  cotton  goods,  consisti 
following  operations.  The  cloth,  after  being  well  washed,  is  boiled  first  I 
water  and  then  in  caustic  soda,  which  remove  from  it  certain  resinous  roatteti 
in  alkali.  It  is  then  steeped  in  a  solution  of  chloride  of  lime,  so  dilate  a 
taste  distinctly,  which  has  little  or  no  perceptible  efifect  in  whitening  it; 
cloth  is  afterwards  thrown  into  water  acidulated  with  sulphuric  acid,  of  sp. 
tween  I.OIO  and  1.020,  when  a  minute  disengagement  of  chlorine  take 
throughout  the  substance  of  the  cloth,  and  it  immediately  assumes  a  I 
appearance.  The  cloth  is  boiled  a  second  time  with  caustic  soda,  and  digests 
in  dilute  chloride  of  lime  and  in  dilute  sulphuric  acid,  as  before.  The  acid 
the  bleaching  action,  and  is  required  besides  to  remove  the  caustic  alkali,  a 
of  which  adheres  pertinaciously  to  the  cloth.  The  fibre  of  the  cloth  is  not 
by  dilute  sulphuric  acid,  although  digested  in  it  for  days,  provided  the  clot 
allowed  to  dry  with  the  acid  in  it,  or  left  above  the  surface  of  the  liquor.  I 
very  necessary  to  wash  well  after  the  last  souring,  to  get  rid  of  every  trace  of  aci 
which  view  the  cloth  may  be  passed  through  warm  water  as  a  precautionary  n 

Chlorine  is  had  recourse  to  in  disinfecting  the  wards  of  hospitals.  Mr.  I 
in  fumigating  the  Millbank  Penitentiary,  found  that  a  mixture  of  I  part  of  c 
salt  and  1  part  of  the  binoxide  of  manganese,  when  acted  upon  by  2  parts  o 
vitriol  previously  mixed  with  1  part  of  water  (all  by  weight),  and  left  till  oo 
duced  the  best  results.  Such  a  mixture,  at  60  ,  in  shallow  pans  of  red  earth 
liberated  its  chlorine  gradually  but  perfectly  in  four  days.  The  salt  and  mai 
were  well  mixed,  and  used  in  charges  of  3|  pounds  of  the  mixture.  The  a 
water  were  mixed  in  a  wooden  tub,  the  water  being  put  in  first,  and  then  abo 
the  acid :  after  cooling,  the  other  half  was  added.  The  proportions  of  water  i 
are  9  measures  of  the  former  to  10  of  the  latter.  (Magazine  of  Science,  1840,  ] 

Chlorides.  —  Chlorine  combines  with  all  the  metals,  and  in  the  same  pro] 
as  oxygon.  With  the  exception  of  the  chlorides  of  silver  and  lead,  and  subd 
of  copper  and  mercury,  these  compounds  are  soluble  and  sapid,  and  they  po 
an  emiuent  degree  the  saline  character.  Indeed,  common  salt,  the  chloride  of  i 
has  given  its  name  to  the  class  of  salts,  and  chlorine  is  the  type  of  salt-rad 
halogcnous  (salt-producing)  bodies.  Chlorides  of  metals  belonging  to  d 
classes  often  combine  together  and  form  double  chlorides ;  the  chlorides  of  t 
assium  family,  in  particular,  with  some  chlorides  of  the  magnesian  family, 
chloride  of  copper,  with  chloride  of  mercury,  with  both  the  chlorides  of  \ 
with  perchlorides  generally.  A  chloride  and  oxide  of  the  same  metal  (ei 
the  potassium  family)  often  combine  together,  forming  oxichloridcs,  whicl 
general-  insoluble. 

Chlorine  is  also  absorbed  by  alkaline  solutions,  and  combinations  are 
which  bleach  and  exhibit  many  of  the  properties  of  the  free  element.  The  < 
in  these  compounds,  and  also  in  dry  chloride  of  lime,  formed  by  exposing '. 
of  lime  to  chlorine  gas,  is  now  generally  allowed  to  exist  as  h ypochlorous  acid 
are  not  permanent  compounds,  and  the  chlorine  eventually  acts  upon  tho  i 
oxide,  so  as  to  produce  a  chloride  and  a  chlorate  of  the  mctul,  as  will  be  aft 
explained. 

The  following  chlorides  of  the  non-metallic  elements  will  now  be  part 
described : — 


Hydrochloric  acid  H  CI 

Hypochlorous  acid  CI  0 

Peroxide  of  chlorine  CI  O4 

Chloric  acid CI  O5 

Hyperchlorio  acid CI  O7 

Chloride  of  nitrogen    N  CI3 

Chlorocarbonic  acid  .    CO.Cl 


] 


Chloride  of  boron 

Chloride  of  silicon 

Chloride  of  sulphur 

Bichloride  of  sulphur  j 

Tcrchloride  of  phosphorus  ....  ! 
Pcntachloride  of  phosphorus ...  ', 
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Sgn.  CMorkydrie  acid,  Muriatic  add;  Eq.  36.5  m-  456.25;  CIH;  denntf 


■m 


1269.5 


This  acid  is  one  of  the  most  frequently-employed  rea^Dts  in  cbomical  operations, 
and  has  long  been  knoirQ  under  the  names  of  spirit  of  salt,  marine  acid,  and 
muriatic  acid  (from  murias,  sea-salt).  It  was  first  obtained  by  Priestlej  in  its  pnre 
fbnu  of  a  ^a  in  1772. 

Prrparalion. — Hydrochloric  acid  is  always  obtained  by  the  action  of  oil  of  vitriol 
upon  common  salt  When  the  process  is  conducted  on  a.  small  scale  and  in  a  glass 
retort,  3  parts  of  common  salt,  5  oil  of  vitriol,  and  5  wat«r,  may  be  taken.  The 
oil  of  vitriol  being  mixed  with  two  parte  of  the  water  in  a  thin  flask,  and  cooled,  is 
poured  upon  the  salt  contained  in  a  capacious  retort  A  (fig.  153).     A  flask  B,  con- 

Fio.  1S3. 


tajning  the  remuning  6  parts  of  the  water,  is  then  adapted  to  the  retort  as  «  con- 
denser. Upon  applying  heat  to  the  retort,  hydrochloric  acid  gas  comes  off,  and  ia 
eondensed  in  the  receiver,  affording  an  aqueous  solution  of  the  acid,  of  about  sp.  gr. 
1.170,  which  contains  34  per  cent,  of  dry  acid ;  while  bisulphate  of  soda  remains 
in  Uie  retort  Supposing  2  equiTalents  of  oil  of  vitriol  and  1  of  chloride  of  sodium 
to  be  empbyed,  which  the  preceding  proportions  represent,  then  the  rationale  of  the 
aetim  la  as  follows : — 

PBDCESB  FOB  BTDROCHLOBIO  ACID. 

BeToT*  deoompoaitioa.  Attn  decomposition. 

("Chlorine 35.5 "T'  86.5  hydroo.  acid 

°1  Sodium 23  ^ 


8.5  Cloride  of  sodium 


150.5  156.5  156.5 

OriniTmbola:  NtCI^d  H0.S0,=HCluidNa0.80rfH0.S0). 
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The  hydrocbloric  acid  coming  off  easily  and  at  a  low  temperature,  when  2  eqs.  of 
Bulphuric  acid  arc  uscdj  is  obtained  at  once  pure  and  free  from  sulphuric  acid. . 

This  process  is  more  economically  conducted  on  the  large  &cale|  as  for  nitric  arid 
(fig.  116,  page  261)>,  in  a  cast-iron  cylinder,  about  5  feet  in  length  and  2^  in  dia- 
meter, laia  upon  its  side,  which  has  moveable  ends,  generally  composed  of  a  thin 
paving-stone  cut  into  a  circular  disc  and  divided  into  two  unequal  segments.  A 
charge  of  three  or  four  hundred  pounds  of  salt  is  introduced  into  the  retort,  and 
after  the  bottom  is  heated,  sulphuric  acid,  as  it  is  withdrawn  from  the  leaden  cham- 
bers, is  added  in  a  gradual  manner  by  means  of  a  long  funnel,  and  in  proportion  not 
exceeding  1  equivalent  for  the  chloride  of  sodium.  In  such  circumstances,  the 
lower  part  of  the  cylinder  exposed  to  the  sulphuric  acid  is  not  much  acted  upon, 
while  the  roof  of  the  cylinder  is  protected  from  the  hydrochloric  acid  fumes  by  a  coating 
of  fircKilay  or  thin  bricks.  The  hydrochloric  acid  gas  is  conducted  by  a  glass  tube 
into  a  scries  of  large  jars  of  salt-glaze  ware,  connected  with  each  other  like  Wolfe*a 
bottles,  and  containing  water,  in  which  the  acid  condenses. 

Properties,  —  Hydrochloric  acid  is  obtiuned  in  the  state  of  gaa  by  boiling  an 
ounce  or  two  of  the  fuming  aqueous  solution  in  a  small  retort,  or  by  pouring  oil  of 
vitriol  upon  a  small  quantity  of  salt  in  a  retort,  and  is  collected  over  mercury.  It 
is  an  invisible  gas,  of  a  pungent  acid  odour,  and  produces  white  fumes,  when  allowed 
to  escape,  by  condensing  the  moisture  in  the  air.  By  a  pressure  of  40  atmospheres 
at  50^,  it  is  condensed  into  a  li(|uid  of  sp.  gr.  1.27.  It  is  quite  irrespirable,  bat 
much  less  irritating  than  chlorine ;  it  is  not  decomposed  by  heat  alone,  nor  when 
heated  in  contact  with  charcoal.  Hydrochloric  acid  extinguishes  combustioOi  and 
is  not  made  to  unite  with  oxygen  by  heat;  but  when  electric  sparks  are  passed 
through  a  mixture  of  this  gas  and  oxygen,  decomposition  takes  place  to  a  small 
extent,  water  being  formed  and  chlorine  liberated.  It  is  composed  by  volume  of 
one  combining  measure,  or  two  volumes  of  each  of  its  constituents,  united  without 
condensation ;  so  that  its  combining  measure  is  4  volumes,  and  its  theoretical  den- 
sity 12G9.6.     It  may  be  formed  directly  by  the  union  of  its  elements. 

K  a  few  drops  of  water  or  a  fragment  of  ice  be  thrown  up  into  a  jar  of  hydrochloric 
acid  over  mercury,  the  gas  is  completely  absorbed  in  a  few  seconds;  or  if  a  stout 
bottle  filled  with  this  gas  be  closed  by  the  finger  and  opened  under  water,  an  instan- 
taneous condensation  of  the  gas  takes  place,  water  rushing  into  the  bottle  as  into  a 
vacuum.  Dr.  Thomson  found  that  1  cubic  inch  of  water  absorbs  418  cubic  inchei 
of  gas  at  69°,  and  becomes  1.34  cubic  inch.  He  constructed  the  following  table, 
from  experiment,  of  the  specific  gravity  of  hydrochloric  acid  of  determinate  strengths 
(First  Principles  of  Ceraistry)  :  — 
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Atoms  of  Water 
to  1  of  Acid. 


G 

7 

8 

9 

10 

11 

12 

13 


Real  Acid  in  100 

Specific 

of  the  liquid. 

Gravity. 

40.06 

1.203 

37.00 

1.179 

33.95 

1.162 

81.35 

1.149 

20.13 

1.139 

27.21 

1.1285 

25.52 

1.1197 

24.03 

1.1127 

Atoms  of  Water 
to  1  of  Acid. 


14 
15 
16 
17 
18 
19 
20 


Real  Acid  in  100 
of  the  liquid. 


22.700 
21.512 
20.442 
19.474 
18.590 
17.790 
17  051 


Speeifio 
Grarily. 


I.IOGO 
1.1006 
1.0960 
1.0902 
1.0860 
1.0820 
1.0780 


To  this  may  be  added  the  following  useful  tablc;  for  which  we  are  indebted  I 
Mr.  E.  Davy :  — 
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Specific  Oraritj. 

Quantity  of  Acid 
per  cent. 

Specific  Grayity. 

Quantity  of  Aid 
per  cent. 

1.21 

42.43 

1.10 

20.20 

1.20 

40.80 

1.09 

18.18 

1.19 

88.38 

1.08 

16.16 

1.18 

8G.36 

1.07 

14.14 

1.17 

84.84 

1.06 

12.12 

1.16 

82.32 

1.05 

10.10 

1.16 

80.30 

1.04 

8.08 

1.14 

28.28 

1.08 

6.00 

1.13 

20.26 

1.02 

4.04 

1.12 

24.24 

1.01 

2.02 

1.11 

22.22 

It  tLus  appears  that  the  strongest  hydrochloric  acid  that  can  be  easily  formed 
contains  six  eqs.  of  water :  this  liquid  allows  acid  to  escape  when  evaporated  in  air, 
and  comes,  according  to  an  observation  of  my  own,  to  contain  12  eqs.  of  water  to  1 
of  acid.  Distilled  in  a  retort,  it  was  found,  by  Dr.  Dalton,  to  lose  more  acid  than 
water  till  it  attained  the  specific  gravity  1.094^  when  its  boiling  point  attained  a 
maximum  of  230^,  and  the  acid  then  distilled  over  unchanged.  Dr.  Clark  finds  by 
careful  experiments  that  the  acid,  which  is  unalterable  by  distillation;  contains  16.4 
equivalents  of  water. 

The  concentrated  acid  is  a  colourless  liquid,  fuming  strongly  in  air,  highly  acid,  but 
less  corrosive  than  sulphuric  acid ;  not  poisonous  when  diluted.  It  is  decomposed 
bj  substances  which  yield  oxygen  readily,  such  as  metallic  peroxides  and  nitric  acid, 
which  cause  an  evolution  of  chlorine,  by  oxidating  the  hydrogen  of  the  hydrochlorio 
•Old.  A  mixture  of  1  measure  of  nitric  and  2  measures  of  muriatic  acid  forms 
aqua  regioy  which  dissolves  the  less  oxidable  metals,  such  as  gold  and  platinum. 

The  hj'drochloric  acid  of  commerce  has  a  yellow  or  straw  colour,  which  is  generally 
due  to  a  little  iron,  but  may  be  occasionally  produced  by  organic  matter,  as  it  is 
Bometimcs  destroyed  by  light.  This  acid  is  rarely  free  from  sulphuric  acid,  the 
presence  of  which  is  detected  by  the  appearance  of  a  white  precipitate  of  sulphate 
of  baryta  on  the  addition  of  chloride  of  barium  to  the  hydrochlorio  acid  diluted  with 
4  .or  5  times  its  bulk  of  distilled  water.  Sulphurous  acid  is  also  occasionally  present 
io  commercial  hydrochloric  acid,  and  is  indicated  by  the  addition  of  a  few  crystals 
of  prot'xhloride  of  tin,  which  salt  decompojics  sulphurous  acid,  and  occasion:*,  aftor 
standing  some  time,  a  brown  precipitate  containing  sulphur  in  combination  with  tin 

JGirardin).  To  purify  hydrochloric  acid,  it  may  be  diluted  till  its  sp.  gr.  is  about 
.1,  for  which  the  strongest  acid  requires  an  equal  volume  of  water;  and  with  the 
addition  of  a  portion  of  chloride  of  barium,  the  acid  should  then  be  re-distilled.  As 
the  acid  brings  over  enough  of  water  to  condense  it,  Liebig's  condensing  apparatus 
(fig.  30,  page  73)  can  be  used  in  this  distillation.  The  pure  acid  thus  obtained  is 
strong  enough  for  most  purposes,  and  has  the  advantage  of  not  fuming  in  the  air. 
Hydrochloric  acid,  like  chlorine  and  the  soluble  chlorides,  gives  with  nitrate  of  silver 
a  white  curdy  precipitate,  the  chloride  of  silver,  soluble  in  ammonia,  but  not  dis- 
solved by  hot  or  cold  nitric  acid. 

Hydrochloric  acid  belongs  to  the  class  of  hydrogen  acids  or  hydracids.  On  neu- 
tnlising  this  acid  with  soda  or  any  other  basic  oxide,  no  hydrochlorate  of  soda  is 
fbnncd ;  but  the  hydrogen  of  the  acid  with  the  oxygen  of  Uie  soda  forming  water, 
Ae  chlorine  and  socunm  combine,  and  produce  a  metallic  chloride.  Zinc,  and  the 
other  metals  which  dissolTe  in  dilute  sulphuric  acid,  with  evolution  of  hydrogen, 
dissolve  with  equal  &cillty  in  this  acid,  with  the  same  evolution  of  hydrogen,  and  a 
chlmde  of  the  metal  is  then  formed. 
22 
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COMPOUNDS  OF  CHLORINE  AND  OXTQEN. 

Chlorine  and  oxygen  gases  in  a  free  state  exhibit  no  disposition  to  combine  w 
each  other  in  any  circumstances^  but  this  is  not  inconsistent  with  their  formiii|| 
series  of  compounds,  as  nitrogen  and  oxygen,  which  exhibit  a  similar  indifferenea 
each  other,  also  do.     The  oxides  of  chlorine  are  five  in  number,  namely :  — 

Hypochlorous  acid CIO 

Chlorous  acid ClOs 

Peroxide  of  chlorine,  or  Hypochloric  acid CIO4 

Chloric  acid CIO5 

Perchloric  acid CIO7 

Hypochlorous  and  chloric  acids  are  always  primarily  formed  by  a  reaction  oee 
ring  between  chlorine  and  two  different  classes  of  metallic  oxides ;  and  the  chlon 
and  perchloric  acids,  again,  are  derived  from  the  decomposition  of  chloric  add. 

HYPOCLHLOROUS  ACID. 

Eq.  43.5 ;  CIO ;  density  of  vapour  2977 ;     \__[_J 


The  discovery  of  this  compound  in  a  separate  state  was  made  by  M.  Balarl 
1834  (Annal.de  Ch.  et  de  Ph.  Ivii.  225;  or  Taylor's  Scientific  Memoirs,  i.  269). 
was  obtained  by  acting  with  chlorine  upon  the  red  oxide  of  mercury.  If  to  a  ti 
pound  bottle  of  chlorine  gas  300  grains  of  red  oxide  of  mercury  in  fine  powder 
added,  with  1}  ounce  of  water,  the  chlorine  will  be  found  to  be  rapidly  absorbed 
agitation.  One  portion  of  the  chlorine  unites  with  the  oxygen  of  the  metallic  on 
and  becomes  hypochlorous  acid,  which  is  dissolved  by  the  water;  while  another | 
tion  forms  a  chloride  with  the  metal,  which  chloride  unites  with  a  portion  of  UB 
composed  oxide,  and  forms  an  insoluble  oxichloride.  The  liquid  may  be  poured 
and  allowed  to  settle :  it  is  a  solution  of  hypochlorous  acid,  with  generally  a  B 
chloride  of  mercury.     This  reaction  is  expressed  in  the  following  diagram :  — 

FORMATION   OP  nYPOCHLOROUS  ACID. 

Before  decomposition.  After  deoompoaitieiL 

Chlorine Chlorine — -^  Hypochlorous  acid 

Oxide  of  menmry  |  Se^^;;;:;::;:: 

Chlorine Chlorine ^=^»- Chloride  of  mcrenry)        ..  _j 

Oxide  of  mercury    Oxide  of  mercury Oxide  of  mercury   '{  ^""^ 

Or  in  symbols : 

2C1  and  2HgO=C10  and  HgCl.HgO. 

But  the  oxichloride  formed  seems  not  always  to  contain  the  same  proportiQB 
oxide.  The  proportion  of  hypochlorous  acid  in  the  liquid  may  Ik  increased  by  urf 
ducing  the  same  solution  into  a  second  bottle  of  chlorine,  with  an  additional  on 
tity  of  red  oxide  of  mercury.  The  oxide  of  zinc  and  black  oxide  of  copper,  din 
through  water,  and  exposed  to  chlorine,  give  rise  to  a  similar  formation  of  hj 
chlorous  acid. 

K  red  oxide  of  mercur}'  in  fine  powder  be  added  to  chlorine- water  80  long  at 
oxide  is  dissolved,  a  solution  of  hypochlorous  acid  and  chloride  of  mercury  Is  fbia 
without  any  insoluble  compound :  2C1  and  HgO=C10  and  HgCl  (Gay-LnoMi). 

On  the  other  hand,  hypochlorous  acid,  free  from  water,  and  in  the  liqiiid  il 
may  be  obtained  by  passing  dry  chlorine  gas  in  a  gradual  manner  over  xea  ondf 
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mercury  in  a  glass  tube  a  b  ^fig.  154) ;  care  being  taken  to  prevent  elevation  of 
temperature^  by  surrounding  tiie  tabc  with  fragments  of  icc^  or  immersing  it  in  cold 


Fig.  15i. 


water,  as  otherwise  nothing  but  oxygen  will  be  disengaged.  The  chlorine  is  evolved 
from  the  usual  materials  in  the  flask  A,  passed  through  water  in  the  wash-bottle  B 
to  arrest  any  hydrochloric  acid,  and  afterwards  dried  over  chloride  of  calcium  tube  C. 
Chloride  of  mercury  is  formed  as  in  the  other  processes,  and  a  yellow  gas,  which  is 
liquefied  in  the  bent  tube  D,  kept  cold  by  a  freezing  mixture  of  ice  and  salt  The 
oxide  of  mercury  which  answers  best  for  this  experiment  is  that  precipitated  from 
chloride  or  nitrate  of  mercury  by  potassa,  washed  and  dried  at  a  temperature  of 
about  572^  (300^  C.)  —  Regnault's  Traito. 

Hypochlorous  acid  is  a  liquid  of  an  orange-yellow  colour,  which  boils  at  about  68** 
(20°  C.)  Its  vapour  is  of  a  pale  yellow  colour,  very  similar  to  chlorine.  It  is 
composed  of  2  volumes  of  chlorine  and  1  volume  of  oxygen,  condensed  into  2  volumes, 
which  gives  a  theoretical  density  of  2092,  while  2977  has  been  obtained  by  experi- 
ment. It  is  resolved  by  a  slight  elevation  oftemperature  into  its  constituent  gases; 
a  property  which  allows  it  to  be  analyzed,  by  determining  the  proportions  of  the 
mixe<l  chlorine  and  oxygen  gases.  Water  dissolves  about  200  volumes  of  this  gas, 
and  assumes  a  fine  yellow  colour. 

Hypochlorous  acid  is  also  formed  when  chlorine  is  absorbed  by  weak  so/utions  of 
alkalies  and  by  hydrate  of  lime,  and,  as  the  acid  of  the  bleachinfj  chlorides^  possesses 
considerable  interest.  It  displaces  the  carbonic  acid  of  alkaline  carbonates,  but  has 
not  much  analogy  to  other  acids.  Its  taste  is  extremely  strong  and  acrid,  but  not 
eour,  and  its  odour  penetrating  and  different  from,  although  somewhat  similar  to, 
chlorine.  It  attacks  the  epidermis  like  nitric  acid,  and  is  exceedingly  corrosive. 
It  bleaches  instantly,  like  chlorine,  and  is  a  powerful  oxidizing  agent.  A  concen- 
trated solution  of  it  is  exceedingly  unstable,  small  bubbles  of  chlorine  gas  being 
Bpontaneously  evolved  and  chloric  acid  formed.  This  decomposition  is  promoted  by 
the  presence  of  angular  bodies,  such  as  pounded  glass,  and  aLio  by  heat  and  light. 

Of  the  <*lomentary  bodies,  hydrogen  has  no  action  upon  hypochlorous  acid.  Sul- 
phur, seleuiuin,  phosphorus,  and  arsenic,  act  upon  it  with  great  energy,  and  are  all 
of  them  raided  to*  their  highest  degree  of  oxidation,  with  the  evolution  of  chlorine 
gas;  selenium  even  being  converted  into  selenic  acid,  although  it  is  converted  into 
selenioos  add  only  by  the  action  of  nitric  acid.  Iodine  is  also  converted  into  iodio 
acid.  Iron  filings  decompose  it  immediately,  and  chlorine  gas  comes  off.  Copper 
and  mercury  combine  with  both  elements  of  the  acid,  and  form  oxichlorides.  Many 
other  metals  are  not  acted  upon  by  it,  unless  another  acid  be  present,  such  as  zinc, 
tin,  antimony,  and  lead.  Silver  has  a  different  action  upon  hypochlorous  acid  from 
that  of  most  bodies,  combining  with  its  chlorine,  and  causing  an  evolution  of  oxygen 
caa.  Hydrochloric  and  hypochlorous  acid  mutually  decompose  each  other,  water 
being  formed;  and  chlorine  liberated ;  if  the  liquids  arc  both  cooled  to  a  very  low 
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degree,  before  mixture,  the  chlorine  is  not  disengaged,  bat  oombines  with 
form  the  hydrate  of  chlorine,  and  causes  the  liquid  to  become  a  solid 
presence  of  soluble  chlorides  is  equally  incompatible  with  tho  existence  ol 
chlorous  acid. 

Hypochloriles.  —  The  direct  combination  of  hypochlorous  acid  with  |X 
bases  is  accompanied  by  heat,  which  is  apt  to  convert  the  hypochlorite  into 
lure  of  chlorate  and  chloride ;  but  by  adding  the  acid  in  a  gradual  mannei 
alkaline  solution,  hypochlorites  of  potassa,  soda,  lime,  baryta,  and  Btrontiay  i 
formed,  and  may  even  be  obtained  in  a  solid  state  by  evaporation  in  vacuo,  if 
siderable  excess  of  alkali  be  present,  which  appears  to  give  a  certain  degree  o 
lity  to  these  salts.  They  bleach  powerfully,  and  their  odour  and  colour  aie 
cally  the  same  as  the  corresponding  decolourizing  compounds  of  chlorine,  for] 
exposing  solutions  of  the  highly  basic  oxides  named  to  chlorine  gas,  from  whi 
impossible  to  distinguish  them  by  their  physical  properties.  When  chlorim 
is  absorbed  by  a  weak  solution  of  potassa,  without  heat  being  applied,  the 
chlorite  of  potassa  is  formed,  with  chloride  of  potassium,  both  of  which  len 
solution :  — 

2C1  and  2K0=K0.C10  and  KCl. 


Fio.  155. 


The  hypochlorites  are  i 
a  very  changeable  constitn 
slight  increase  of  tempi 
the  influence  of  solar  lia 
difiused  light,  converts  thi 
chloride  and  chlorate. 

The  eucMorine  gas  of  I 
which  he  assigned  the  coiii] 
of  hypochlorous  acid,  ha 
found  to  be  a  mixture  of  c 
gas  and  chlorochloric  acid 
mixture  is  obtained  by  thi 
of  hydrochloric  acid  of  sp. 
upon  chlorate  of  potassa,  m 
a  gentle  heat  It  has  a  ti 
low  colour  (euchlorine),  i 
plodes  feebly  when  a  hoi 
introduced  into  it,  becomiQ| 
colourless  when  the  chlorc 
acid  is  decomposed.  A  t 
tort  A  rfig.  155),  is  emplp 
the  evolution  of  this  eafl| 
is  collected  in  the  phiu  B 
placement 
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Eq,  75.5  or  943.75;  HO.CIO5. 

When  a  stream  of  chlorine  gas  is  transmitted  through  a  strong  solution  of 
potassa,  the  gas  is  absorbed,  and  a  solution  is  formed  which  bleaches  at  ifa 
loses  that  property  without  any  escape  of  gas,  and  becomes  a  mixture  of  chlb 
potassium  and  chlorate  of  potassa;  the  latter  of  which,  being  the  least  solubk 
rates  in  shining  tabular  crystals.  Five  equivalents  of  potassa  (the  oxide  ol 
slum)  are  decomposed  by  6  of  chlorine,  5  of  which  unite  with  the  potasaiv 
form  5  equivalents  of  chloride  of  potassium,  while  the  5  of  oxygen  form  chka 
with  the  remaining  equivalent  of  chlorine;  as  stated  in  the  following  dufl 
which  the  numbers  express  equivalents : — 


J 
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ACTION  OP  CHLORINE  UPON  POTASSA. 

Before  decomposition.  After  decomposition. 

5  Chlorine 6  ChlonDe -^  5  Chloride  of  Potassium. 

SPotassa j  5  Potassium 

(5  Oxygen 

Chlorine Chlorine , ^^"      -^^  Chloric  acid  1  Chlorate  of 

Potassa Potassa..*' Potassa J     potassa. 

Or  in  symbols :  6C1  and  6K0  =  KO.CIO5  and  5KC1.  Such  is  the  nature  of  the 
action  of  chlorine  upon  the  soluble  and  highly  alkaline  metallic  oxides^  when  their 
solutions  are  concentrated,  or  heat  applied. 

The  chlorate  of  baryta  may  be  formed  by  transmitting  chlorine  through  caustic 
baryta  in  the  same  manner;  and  from  a  solution  of  the  pure  chlorate  of  baryta, 
chloric  acid  may  be  obtained  by  the  cautious  addition  of  sulphuric  acid,  so  long  as 
it  occasions  a  precipitate  of  sulphate  of  baryta.  The  solution  may  be  evaporated  by 
a  very  gentle  heat  till  it  becomes  a  syrupy  liquid,  which  has  no  odour,  but  a  very 
acid  taste,  is  decomposed  above  100°,  and  when  distilled  at  a  still  higher  tempera- 
ture gives  water,  then  a  mixture  of  chlorine  and  oxygen  gases,  and  hypercblorio 
acid;  which  last  acid  may  be  prepared  in  this  way  without  difficulty.  Chloric 
acid  is  not  isolable,  being  incapable  of  existing  except  in  combination  with  water 
or  a  fixed  base.  This  acid  first  reddens  litmus  paper,  but  after  a  time  the  colour 
is  bleached,  and  if  the  acid  has  been  highly  concentrated,  the  paper  often  takes 
fiore.  It  dissolves  zinc  and  iron  with  disengagement  of  hydrogen.  Chloric  acid  is 
decomposed  by  hydrochloric  acid,  with  escape  of  chlorine,  and  by  most  combustible 
bodies  and  acids  of  the  lower  degrees  of  oxidation,  such  as  sulphurous  and  phos- 
phorous acids,  which  oxidate  themselves  at  its  expense. 

This  acid,  when  free  or  in  combination,  may  be  recognized  by  several  properties. 
It  IS  not  precipitated  by  chloride  of  barium  or  nitrate  of  silver,  and  its  salts  have  no 
bleaching  power;  sulphuric  acid  causes  the  disengagement  from  it  of  a  yellow  gas, 
having  a  j>eculiar  odour,  which  bleaches  strongly ;  and  its  salts,  when  heated  to 
redness,  afford  oxygen,  and  deflagrate  with  combustibles. 

Chlorates,  —  This  class  of  salts  is  remarkable  for  a  general  solubility,  like  the 
nitrates.  Those  of  them  which  are  fusible  detonate  with  extreme  violence  with 
combustibles.  The  chlorate  of  potassa,  of  which  the  preparation  and  properties  will 
be  described  under  the  salts  of  potassa,  has  become  a  familiar  chemical  product^ 
being  largely  consumed  in  the  manufacture  of  deflagrating  mixtures.  The  chlorates 
were  at  one  time  termed  hyperoxymuriates,  and  their  acid,  the  existence  of  which 
was  originally  observed  by  Mr.  Chcnevix,  was  first  obtained  in  a  separate  state  by 
Gay-Lussac. 

The  composition  of  chloric  acid  is  ascertained  by  decomposing  a  known  quantity 
of  chlorate  of  potassa  by  heat,  and  ascertaining  the  loss  of  weight  which  is  due  to 
the  expulsion  of  6  eqs.  of  oxygen.  The  chloride  of  potassium  which  forms  the  fixed 
residue  is  dissolved,  and  the  chlorine  precipitated  by  nitrate  of  silver.  The  chlorine 
is  thus  obtained  in  the  form  of  chloride  of  silver,  of  which  the  composition  is  known. 
The  relation  between  the  equivalents  of  chlorine  and  oxygen  is  also  established  by 
the  analysis  of  the  chlorate  of  potassa  (Note,  p.  104). 

HTPERCHLORIO  ACID. 

Eq.  91.5  or  1143.75;  HO.CIO7. 

This  add,  which  is  also  named  perchloric  and  oxichlorio  acid,  is  obtained  from 
chlorate  of  potassa  in  difiercnt  ways.  At  that  particular  point  of  the  decomposition 
of  chlorate  of  potassa  by  heat,  when  the  evolution  of  oxygen  is  about  to  become 
Tery  lidenti  the  fused  nit  is  in  a  pasty  state,  at}d  contains,  as  was  first  observed  by 
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SerullaSy  a  considerable  quantity  of  perchloratc,  the  oxygen  extricated  from  one  pci^ 
tion  of  chlorate  being  retained  by  another  portion  of  the  same  salt.  This  salt  ii 
rubbed  to  powder,  and  dissolved  in  boiling  water,  from  which  the  peichlorate  is  fint 
deposited,  on  cooling,  owing  to  its  sparing  solubility.  It  is  stated  by  M.  MilloBi 
that  from  50  to  53  per  cent,  of  perchlorate  may  be  obtained  by  stopping  when  9( 
litres  of  gas  (5S0  c.  i.)  are  collect(Ki  from  100  grammes  (1543  grains)  of  chlorate^ 
instead  of  13  litres.  (Annal.  dc  Ch  et  Ph.,  3e  ser.  vii.  335.)  The  same  salt  may 
also  be  prepared  by  throwing  chlorate  of  potassa,  in  fine  powder,  and  well  dried| 
into  oil  of  vitriol  gently  heated  in  an  open  basin,  by  a  few  grains  at  a  time,  whei 
the  liberated  chloric  acid  resolves  itself  into  peroxide  of  chlorine  and  hypcrchlorie 
acid,  the  former  coming  off  as  a  yellow  gas ;  thus : — 


BESOLUTION  OF  CHLORIO  ACID  INTO  PEROXIDE  OF  COLORINE  AND  HTPER- 

CHLORIO  ACID. 

Before  decomposition.  After  decompositioiL 

(  2  Chlorine _,--^  2  Pcrox.  chlorine. 

8  Oxygen 

7  Oxygen 
Chlorine *  Hyperchloric  acid. 

Of  the  3  equivalents  of  potassa,  previously  in  combination  with  the  chloric  acid, 
one  remains  with  hyperchloric  acid  as  hyperehlorate  of  potassa,  and  the  other  twc 
are  converted  into  bisulphate  of  potassa.  The  whole  reaction  between  the  add  and 
salt  may,  therefore,  be  thus  expressed : — 

3(KO.C105)  and  4(HO.S03)  =  2010^  and  KO.CIOt 
and  (2HO.SO3  +  KO.SO3)  and  2H0. 


3  Chloric  acid  " 


In  conducting  this  operation,  the  greatest  caution  is  necessary,  owing  to  the  ex 
plosive  property  of  peroxide  of  chlorine ;  for  if  the  order  of  mixing  the  substance 
be  reversed,  and  the  acid  poured  upon  the  chlorate,  or  if  too  much  chlorate  be  adde 
at  a  time  to  the  acid,  a  most  violent  and  dangerous  detonation  may  occur.    But  thi 
reaction  is  chiefly  interesting  as  affording  peroxide  of  chlorine ;  for  hyperehlorate  c 
potassa  may  be  obtained  from  chlorate  by  the  action  of  nitric  acid,  lately  observe 
by  Professor  Penny,  without  danger  or  inconvenience.     The  chlorate  is  tranquil] 
decomposed  in  nitric  acid  gently  heated  upon  it,  the  chlorine  and  oxygen  at  3  eqa 
valents  of  peroxide  of  chlorine  being  evolved  in  a  state  of  mixture  and  not  of  con 
bination :  the  saline  residue  consists  of  3  equivalents  of  nitrate  and  1  of  perchlon 
of  potassa,  which  may  be  separated  by  dissolving  them  in  the  smallest  adeqot 
quantity  of  boiling  water.     On  cooling,  the  perchlorate  separates  in  small  shuii 
crystals,  which  may  be  dissolved  a  second  time  to  obtain  them  perfectly  pure. 

l^erchloric  acid  may  be  prepared  from  the  last  salt  by  boiling  it  with  an  exoe 
of  fluosilicic  acid,  which  forms,  with  potassa,  a  salt  nearly  insoluble.    After  coolio 
a  clear  liquid  is  decanted  and  evaporated  by  the  water-bath.     To  eliminate  a  sm 
excess  of  hydrofluoric  acid,  a  little  silica  in  fine  powder  is  added  to  the  liquid,  whi 
at  a  certain  degree  of  concentration  carries  off  the  former  as  fluosilicio  acid.     Af) 
being  still  further  concentrated,  the  acid  liquid  may  be  distilled  in  a  retort  bj 
sand-bath  heat.     A  very  dilute  acid  comes  over  first,  but  the  temperature  of  eboi 
tion  rises  till  it  attains  392°,  after  which  the  receiver  should  be  changed,  been 
what  then  passes  over  is  a  concentrated  acid  of  sp.  gr.  1.65.     This  acid  is  a  coky 
less  liquid  which  fumes  slightly  in  the  air.     It  may  be  still  farther  concentrated 
distilling  it  with  4  or  5  times  its  weight  of  strong  sulphuric  acid,  when  the  gres 
part  of  it  is  decomposed  into  chlorine  and  oxygen ;  but  a  portion  condenses  ii 
mass  of  small  crystals,  and  also  in  long  four-sided  prismatic  needles  terminated 
dihedral  summits,  which  were  found  by  Serulks  to  be  two  different  hydrates  of  ) 
acid,  the  last  containing  least  water  and  being  most  volatile.    The  ciystab  and ' 
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concentrated  solution  of  the  acid  have  a  great  affinity  for  water ;  the  acid  itself 
(CIO7)  appears  not  to  be  isolable. 

Perchloric  acid  is  much  the  most  stable  of  the  oxides  of  chlorine ;  it  does  not 
bleach,  is  not  altered  by  the  presence  of  sulphuric  acid,  and  is  not  decomposed  by 
sulphurous  acid  or  by  hydrosulphurio  acid.  It  dissplvcs  zinc  and  iron  with  effer- 
vescence, and,  in  point  of  affinity,  is  one  of  the  moat  powerful  acids.  Pcrchlorio 
acid  is  recognized  by  producing,  with  potassa,  a  salt  of  the  same  sparing  solubility 
as  bitartrate  of  potassa.  It  is  an  interesting  acid  from  its  composition,  and  as  being 
the  most  accessible  of  the  small  class  containing  periodic  and  permanganic  acids,  to 
which  it  belongs.  The  alkaline  pcrchlorates  emit  much  oxygen  when  heated,  and 
leave  metallic  chlorides ;  they  do  not  deflagrate  so  powerfully  with  combustibles  aa 
the  chlorates. 

CHLOROUS  ACID. 

Eq.  59.5  or  743.75;  CIO3;  density  2.646. 

This  is  a  gaseous  compound  of  chlorine  and  oxygen,  which  is  not  liquefied  at  5° 
( — 15°  C),  and  is  therefore  remarkable  for  its  fixity.  It  was  discovered  and  studied 
by  M.  Millon  (Annal.  de  Ch.  et  Ph.,  3  s^r.  vii.)  Chlorous  acid  is  formed  by  the 
deoxidation  of  chloric  acid  in  various  circumstances.  It  is  readily  obtained  from  a 
mixture  of  three  parts  of  arsenious  acid  and  four  of  chlorate  of  potassa,  pulverized 
together,  and  made  into  a  thin  paste  with  water ;  twelve  parts  of  ordinary  nitric  acid 
diluted  with  four  of  water  being  added,  the  whole  is  introduced  into  a  flask,  which 
b  filled  to  the  neck  with  the  mixture,  and  heated  cautiously  by  a  water-bath. 

Chlorous  acid  is  a  gas  of  a  greenish-yellow  colour,  of  which  water  dissolves  five 
or  six  times  its  volume,  assuming  a  golden-yellow  tint  of  considerable  intensity.  It 
bleaches  litmus  and  indigo,  but  does  not  attack  gold,  platinum,  nor  antimony.  It  is 
decomposed  by  heat,  in  ^neral  at  134.6°  ^57°  C),  into  perchloric  acid,  ehlorinoi 
and  oxygen :  3C103=C107  and  20  and  2C1.  Chlorous  acid  combines  with  baseSi 
and  forms  crystallizable  salts ;  the  affinity  of  this  and  some  other  anhydrous  acids  is 
gradually  exerted,  and  requires  time  for  ita  action.  On  pouring  a  solution  of  chlo- 
rite of  potassa  into  a  solution  of  nitrate  of  lead,  a  yellowish-white  precipitate  of 
chlorite  of  lead  is  obtained,  PbO.ClOs,  which  is  easily  subjected  to  analysis  by 
transforming  it  into  sulphate  by  means  of  sulphuric  acid ;  or,  if  the  chlorite  of  lead 
be  fused  in  a  crucible  with  carbonate  of  soda,  the  whole  chlorine  of  the  chlorous, 
acid  is  obtained  in  the  form  of  chloride  of  potassium,  and  may  be  precipitated  from 
mn  acid  solution  by  nitrate  of  silver,  and  estimated  as  chloride  of  silver. 

According  to  M.  Millon,  the  gas  which  forms  when  chlorate  of  potassa  is  treated 
with  hydnxmloric  acid  (euchlorine),  ought  to  be  considered  a  compound  of  chloric 
and  chlorous  acid,  2CIO6.CIO3.  It  is  named  chlorochloric  acid.  Another  double 
acid,  which  Millon  has  named  chloroperchloric  acidy  is  formed  when  humid  chlorous 
add  is  exposed  to  light,  and  condenses  as  a  red  liquid,  2CIO7.CIOJ. 

PEROXIDE  OF  CHLORINE. 

Hypochloric  acid;  eq.  67.5  or  843.75:  CIO4. 

This  substance  cannot  be  obtained  in  a  state  of  purity  without  considerable  dan« 
ger.  Gay-Lussao  recommends,  in  preparing  it,  to  mix  chlorate  of  potassa  in  the 
state  of  a  paste  with  sulphuric  acid  previously  diluted  with  half  its  weight  of  water 
and  cooled,  and  to  distil  the  mixture  in  a  small  retort  by  a  water-bath.  It  cornea 
off  18  a  gaa,  of  a  yellow  colour  considerably  deeper  than  chlorine,  which  cannot  be 
oollected  over  mercnir,  as  it  is  instantly  decomp<^ed  by  that  metal,  nor  over  water, 
which  disBolves  it  in  uurge  quantity.  It  is  composed  of  2  volumes  of  chlorine  with 
4  Tolumes  of  oxygen,  condensed  into  4  volumes,  which  gives  it  a  density  of  2337.5. 
This  gas  is  decomposed  gradually  by  li^ht,  but  between  200^  and  212°  its  elements 
sepwmte  in  an  instsntsneoos  manneri  with  the  disengagement  of  light  and  a  violent 
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expIaoioTiy  which  breaks  the  vessels.  Water  dissolves  about  20  times  its  volmne  of 
this  ^'fis :  the  gas  itself  is  liquefied  by  cold,  and  forms  a  red  liquid,  which  boils  at 
G8^  (20°  C.)  It  bleaches  damp  litmus  paper,  without  first  reddeniug  it,  and  is 
ab.sorl:>cd  by  alkaline  solutions  with  the  formation  of  a  mixture  of  a  chlorate  and 
chlorite.  This  compound,  then,  resembles  peroxide  of  nitrogen,  NO49  ^nd  is  not 
a  peculiar  acid,  but  may  be  represented  as  a  compound  of  chlorous  and  chlorio 
acids:  2C104=C103+C105. 

Peroxide  of  chlorine  has  a  violent  action  upon  combustibles,  kindling  phosphorus, 
sulphur,  sugar,  and  other  combustible  substances  in  contact  vrith  which  it  is  evoh^ed. 
Its  action  upon  phosphorus  may  be  shown  by  throwing  a  drachm  or  two  of  cirstal- 
lizod  chlorate  of  potassa  into  a  deep  foot-glass  (fig.  15G)  filled  with  cold  water,  to  the 

bottom  of  which  the  salt  falk  without  any  loss  by  solution.    Oil 
Fia.  166.  Qf  vitriol  is  then  conducted  to  the  salt,  in  a  small  stream,  from 

a  tube  funnel,  the  lower  end  of  which  has  been  drawn  oat  into 
a  jet  with  a  minute  opening.  A  gas  of  a  lively  yellow  colour 
is  evolved  with  slicht  concussions,  and  immediately  dissolved  by 
the  water,  to  whicn  it  imparts  the  same  colour.  If,  while  this 
is  occurring,  a  piece  of  phosphorus  be  thrown  into  the  glass,  it 
is  ignited  by  every  bubble  of  gas  evolved,  and  a  brilliant  com- 
bustion is  produced  under  the  water,  forming  a  beautiful  expe- 
riment wholly  without  danger.  If  a  few  grains  of  chlorate  of 
potassa  in  fine  powder  and  loaf-sugar  be  mixed  upon  paper  by 
the  fingers,  (rubbing  these  substances  together  in  a  mortar  may 
be  attended  with  a  dangerous  explosion),  and  a  single  drop  of 
sulphuric  acid  be  allowed  to  fall  from  a  glass  rod  upon  the  mix- 
ture, an  instantaneous  deflagration  takes  place,  occasioned  by  the  evolution  of  the 
yellow  gas,  which  ignites  the  mixture.  Captain  Manby  used  to  fire  in  this  manner 
the  small  piece  of  ordnance,  which  he  proposed,  as  a  life-preserver,  to  throw  a  rope 
over  a  stranded  vessel  from  the  shore ;  and  the  same  mixture  was  afterwards  em- 
ployed, with  sulphuric  acid,  in  various  forms  of  the  instantaneous  light-match,  all 
of  which,  however,  are  now  superseded  by  other  mixtures  ignited  by  friction  with- 
out sulphuric  acid. 

CHLORINE  AND  BINOXIDE  OF  NITROGEN. 

Mr.  E.  Davy  appears  first  to  have  obtained  a  gaseous  compound  of  chlorine  aiKJ 
binoxiile  of  nitrogen  in  1830,  and  a  combination  of  the  same  constituents  was  dis 
tilled  from  aqua  regia  and  liquefied  by  M.  Baudrimont  in  1843.  It  is  only  btely, 
however,  that  the  nature  of  the  mutual  action  of  nitric  and  hydrochloric  acids  haf 
been  fullv  explained  by  the  investigations  of  31.  Gay-Lussac  on  aqua  regia.  (Ann. 
de  Ch.  et  Ph.,  3me  s6r.  xxiii.  203 ;  or.  Chemical  Gazette,  1848,  p.  269). 

When  nitric  and  hydrochloric  acids  arc  mixed,  a  reaction  soon  commences  if  thi 
acids  are  concentrated ;  the  liquid  becomes  of  a  red  colour,  and  effervescence  take 
place,  from  the  escai>e  of  chlorine  and  a  chloro-nitric  vapour.  On  passing  thi 
gaseous  mixture  through  a  U  tube,  the  angle  of  which  is  immersed  in  a  frcezinf 
mixture  of  ice  and  salt,  the  chloro-nitric  compound  condenses  as  a  dark-colouRf 
liquid,  and  is  thus  separated  from  the  free  chlorine  which  accompanied  it. 

Chloro-nitric  acid,  NO2CI2. — This  forms  the  principal  part  of  the  chloro-nitii 
vapour :  it  may  be  represented  as  a  peroxide  of  nitrogen  in  which  two  equivalent 
of  oxygen  are  replaced  by  two  equivalents  of  chlorine.  A  third  equivalent  of  chlo 
rine,  due  to  the  third  equivalent  of  oxygen  yielded  by  the  nitric  acid,  is  disengages 
as  gas,  and  is  the  agent  by  which  aqua  regia  dissolves  gold,  platinum,  and  othc 
metals  having  a  weak  afliuity  for  oxygen,  converting  them  into  chlorides :  the  chloro 
nitric  acid  takes  no  part  in  the  action.  This  compound  is  also  formed  by  the  mil 
ture  of  the  two  gases  in  equal  volumes,  which  assume  a  brilliant  orange  colour,  sn 
suflTer  a  condensation  amounting  to  exactly  one-third  of  their  original  volume.  Ih 
theoretical  density  of  thb  vapour  is  1740.2. 
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Chlora-niirous  acidy  NO^Cl. — This  second  componnd,  which  corresponds  with 
nitrous  acid,  NO3,  always  appears  simaltaneouslj  with  the  other  in  variahle  propor- 
tions. It  is  a  vaporous  liquid  of  similar  properties,  of  which  the  vapour  density 
is  inferred  to  be  2259.4.  The  vapours  of  both  compounds,  when  conducted  into 
water,  are  instantly  decomposed  into  hydrochloric  acid  and  peroxide  of  nitrogen  or 
nitrous  acid — a  decomposition  which  affords  the  means  of  determining  the  propor- 
tion of  chlorine  which  they  contain.  The  chloro-nitric  compounds  are  also  decom- 
posed by  mercury,  the  chloritie  combining  with  the  metal  and  leaving  pure  binoxide 
of  nitrogen.  The  solution  of  the  vapours  in  water  decolorizes  a  solution  of  per- 
manganato  of  potissa,  owing  to  the  peroxide  of  nitrogen  it  contains,  but  does  not 
bleach  indigo  because  it  contains  no  free  chlorine. 

CHLORIDE  OF   NITROGEN. 

This  is  one  of  the  most  formidable  of  explosive  compounds,  and  great  caution  ia 
necessary  in  its  preparation  to  avoid  accidents.  Four  ounces  of  sal  ammoniac  (which 
must  not  smell  of  animal  matter  or  of  nitrate  of  ammonia),  are  dissolved  in  a  small 
quantity  of  boiling  water,  filtered,  and  made  up  to  3  pounds  with  distilled  water;  a 
two-pound  bottle  of  chlorine  is  inverted  in  a  basin  containing  this  solution  at  80% 
being  supported  by  the  ring  of  a  retort  stand,  with  its  mouth  over  a  small  leaden 
saucer.  The  chlorine  gas  is  absorbed,  and  upon  the  surface  of  the  liquid,  which 
rises  into  the  bottle,  an  oily  substance  condenses,  which,  when  it  accumulates,  preci- 
pitates in  large  drops,  and  is  received  in  the  leaden  saucer.  During  the  whole 
operation,  the  bottle  must  not  be  approached,  unless  the  face  is  protected  by  a  sheet 
of  wire  gauze,  and  the  hands  by  thick  woollen  gloves ;  agitation  of  the  bottle,  to 
make  the  suspended  drop  fall,  is  a  common  cause  of  explosion.  The  leaden  saucer, 
when  it  contains  the  chlorine,  may  be  withdrawn  from  under  the  bottle,  without 
disturbing  the  latter,  and  then  no  harm  can  result  from  the  explosion,  if  it  does  not 
oociir  in  contact  with  glass. 

M.  Balard  finds  that  this  compound  may  also  be  produced  by  suspending  a  masa 
of  sulphate  of  ammonia  in  a  strong  solution  of  hypocblorous  acid. 

The  chloride  of  nitrogen  is  a  volatile  oleaginous  liquid  of  a  deep  yellow  colour, 
and  sp.gr.  1.653,  of  which  the  vapour  is  irritating  like  chlorine,  and  attacks  the 
eyes.  It  may  be  distilled  at  160^,  but  effervesces  strongly  at  200^,  and  explodes 
between  205^  and  212%  producing  a  very  loud  detonation,  and  shattering  to  pieces 
glass  or  cast-iron,  but  producing  merely  an  indentation  in  a  leaden  cup.  It  is  re- 
solved into  chlorine  and  nitrogen  gases,  the  instantaneous  production  of  which  with 
heat  and  light,  is  the  cause  of  the  violence  of  the  explosion.  The  chloride  of 
nitrogen  is  decomposed  by  most  organic  matters  containing  hydrogen ;  and  may  be 
safely  exploded  by  touching  it  with  the  point  of  a  cane- rod,  which  has  been  previously 
dipped  in  oil  of  turpentine. 

This  compound  is  represented  by  NCI4,  but  the  properties  of  this  compound  render 
its  accurate  analysis  almost  impossible,  and  the  correctness  of  the  formula  usually 
asaugned  to  it  is  very  doubtful.  M.  Millon  has  shown  that  it  may  contain  hydrogeui 
and  is  possibly  a  nitride  of  chlorine  with  ammonia,  ClgN-f  2H,N.  He  formed  from 
it  corresponding  compounds,  containing  bromine,  iodine,  and  cyanogen,  by  double 
decomposition ;  a  bromide,  iodide,  or  cyanide  of  potassium  beinir  introduced  into  the 
chloriae  of  nitrogen  for  that  purpose.  (Annales  ae  Chim.  et  de  rhys.  Lux.  75.)  [fifes 
BuppUinentf  p.  791.' 

CHLORIDES  OF  CARBON. 

Sesquiehhride  of  earhotiy  CJ^]^.  —  The  compounds  of  these  elements  are  not 
formed  directly,  but  were  produced  by  Mr.  Faraday  by  the  action  of  chlorine  upon 
a  certain  compound  of  carbon  and  hydrogen ;  the  circumstances  of  their  formation 
were  explained  with  singular  felicity  by  M.  Regnault  Chlorine  and  defiant  gas 
C4H4  ooiubine  together  in  equal  volumes^  and  condense  as  Dutch  liquid  (page  286). 
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Chemists  are  now  generally  agreed  that  the  rational  formula  of  this  liqud  H 
O4H4+2CI,  but  that  ita  elements  are  thus  arranged : — 

Dutch  liquid C4H,.C1+HCL 

It  is  considered  a  combination  of  hydrochloric  acid  HCl,  with  the  chloride  of  ai 
C4H3.CI.  When  a  stream  of  chlorine  gas  is  transmitted  through  Dutch  licp 
second  eq.  of  hydrogen  is  carried  off,  as  hydrochloric  acid,  and  1  eq.  of  chloriai 
in  its  place;  thus  Dutch  liquid,  C4H3Cl-f  HCl  becomes — 

C4H2CI2  +  HCI. 

This  second  product,  which  is  a  liquid,  being  submitted  to  the  action  of  a  rii 
of  chlorine,  gives  rise  to  a  third  liquid  product,  in  which  the  hydrochloric  acid  d 
last  formula  disappears,  and  the  remaining  portion  assumes  2  additional  eqs.  of  1 
line,  forming  — 

C4HaCl4. 

This  third  liquid  is  changed  by  the  prolonged  action  of  chlorine  into  the  m 
chloride  of  carbon,  but  to  hasten  the  action  it  is  convenient  to  conduct  the  open 
in  the  light  of  the  sun ;  its  two  remaining  eqs.  of  hydrogen  being  carried  off  ii 
form  of  hydrochloric  acid,  and  2  eqs.  of  chlorine  left  in  their  place,  which  givs 
formula 

Sesquichloride  of  carbon C4CU,  or  C4CI4  +  Clj. 

This  view  of  the  derivation  and  constitution  of  the  sesquichloride  of  carh 
confirmed  by  the  density  of  its  vapour,  which  Kegnault  found  by  experiment  t 
8157.     It  should  from  its  formula  contain 

8  volumes  carbon  vapour 3371 

12  volumes  chlorine 29284 


32655 


If  these  form  a  combining  measure  of  4  volumes,  the  most  usual  of  all  oomla 
measures,  the  weight  of  1  volume,  or  density  of  the  vapour,  is  8164,  which  al 
coincides  with  the  experimental  result.* 

The  sesquichloride  of  carbon  is  a  volatile  crystalline  solid,  having  an  aroi 
odour  resembling  that  of  camphor,  fusible  at  320*^  and  boiling  at  360°  (Fann 
of  sp.  gr.  2,  soluble  in  alcohol,  ether,  and  oils.  It  was  prepared  by  Mr.  Farada 
exposing  Dutch  liquid  to  sunlight  in  an  atmosphere  of  chlorine,  which  was  m 
times  renewed  as  the  chlorine  was  absorbed. 

Protochloride  of  carbon,  C4CI4. — This  compound  was  prepared  by  Farada 
passing  the  vapour  of  the  sesquichloride  through  a  glass  tube  filled  with  frago 
of  glass,  and  heated  to  redness.  A  great  quantity  of  chlorine  becomes  free,  a 
colourless  liquid  is  obtained,  which  when  purified  from  sesquichloride  of  carboo 
chlorine  as  much  as  possible,  boils  at  248°  (Kegnault),  has  a  sp.  gr.  of  1.5526J 
in  its  chemical  relations  is  very  analogous  to  the  sesquichloride  of  carbon, 
density  of  the  vapour  of  the  protochloride  decides  the  nature  of  its  constitutioii. 
was  found  by  Kegnault  to  be  5820,  which  corresponds  to  the  compositiai 
volume:  — 

8  volumes  carbon  vapour 1 3371 

8  volumes  chlorine 19523 


22894 
Density  = =  5724. 


*  Regnault,  De  TAction  da  Ghlore  but  la  liqueur  des  Hollandais  et  sor  le  Chlomre  €. 
hyd^ne.  Aon.  de  Ch.  et  de  Ph.  t  69,  p.  151.  Idem,  Sur  lea  Cidorurea  de  Carbon,  ik  > 
p.  104. 
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It  must,  therefore,  contain  4  eqs.  of  carbon  and  4  of  chlorine,  and  its  formula  bo 
C,C1„  or  it  represents  olcfiant  gas  C,H,  with  its  whole  hydrogen  replaced  by  chlorino. 
It  ia  intcrcating  to  observe  how  a  body  retains,  af^r  so  many  mutatiooB,  such  distinot 
traces  of  it^  origin.  From  its  analysis  it  might  be  a  compound  of  single  equivalents, 
C  CI,  of  tbe  umplest  nature,  and  so  it  was  con^dered  vlicn  named  pratoculorida  of 

Subchleride  of  carbon,  G,Citr  — Another  compound  of  this  class  exists,  of  whicli 
a  specimen  produced  acciJcnCatly  was  examined  by  Messrs.  Phillips  and  Faraday. 
Begnault  has  formed  it  by  making  the  preceding  liquid  compound  pass  several  times 
tbrough  a  tube  at  a  bright  red  heat.  It  condenses  in  the  coldest  parts  of  the  tube 
in  very  Sno  silky  crystals,  which  may  he  token  up  by  ether,  and  obtained  perfectly 
pore  by  a  second  sublimation. 

Ptrchloride  of  carbon,  CjClj,  waa  obtained  by  Regnault  from  the  prolonged 
action  of  chlorine  on  hydrochloric  ether,  wood-spirit,  or  chloroform,  and  by  M.  Kolbe 
by  passing  chlorine  gas  impregnated  with  the  vapour  of  bisulphide  of  carbon 
through  a  porcelain  tube  heated  to  redness.  It  is  a  coiourlcss  liquid,  of  density  1.6, 
boiling  at  172°  (78°  C-)  liy  passing  the  vapour  of  this  chloride  through  a  tube 
heated  to  dull  redness,  Rcrnault  obtained  another  chloride  of  carbon,  isomeric  with 
Faraday's  scsquicbloride,  out  of  which  the  vapour  density  was  4.082.  Kolbe 
ibnncd  a  crystallizabtc  eompouod  of  perchlorido  of  carbon  and  Bulphnroos  acid, 
which  hag  the  formula  2(S0j)  +  C.Ci^. 

Another  chloride  of  carbon,  of  tho  formula  CxCl,,  was  obtained  by  M.  Laurent, 
by  the  action  of  chlorine  upon  naphthaline,  CaiH„  in  the  form  of  a  crystalline  solid, 
■olnble  in  boiling  petroleum. 

Chloroiiearbmiie  ga$,  CO.Cl. — This  gas  is  formed  by  exposing  equal  measures 
of  chlorine  and  carbonic  oxide  to  sunshine,  when  rapid  but  silent  combination  ensues, 
•nd  they  contract  to  one  half  their  volume  (page  275).  {See  S^pplmieiil,  p.  791.1 

Chloride  of  boron,  B  CI,. — A  gaseous  compound  of  these  elements  was  obtained 
by  Bcrxelius,  by  trensmitting  chlorine  over  boron  heated  in  a  gloss  tube,  and  by 
I>amas  by  transmitting  the  same  gas  over  a  mixture  of  boracic  acid  and  carbon 
ignited  in  a  porcelain  tube  placed  across  a  furnace  (G^.  157).  Its  density  was  found 
to  be  4079  by  Dumas,  and  it  is  considered  a  tcrehlonde. 

Pia.  IC7. 


CMoride  of  tiliem ;  127-85 «r  1598.12;  SiCI.. — When  nlicon  is  heated  Ina 
atreun  of  chlorine  gas  it  takes  fire,  and  this  compound  is  formed.  It  is  also  obtained 
in  quantity  by  a  process  analogous  to  that  of  Dumas  for  the  chloride  of  boron,  wbioh 
it  greatly  lesembles.  Silicic  acid  is  not  decomposed  when  heated  with  carbon,  but 
if  chlorine  eat  be  preaent,  then  the  simultaneous  action  of  the  latter  element  ui>oii 
tbe  ailicoii  ItToon  tlie  action  of  the  catbon  on  the  oxygen,  and  carbonio  oxide  with 
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cMorido  of  silicon  raialtB.  Precipitated  fulica  (page  290),  vbieh  u  in  a  H 
diriiled  state,  is  mixed  with  an  equal  weight  of  lamp-black,  and  made  intog 
paste  with  a  little  <nl ;  this  ia  divided  into  Bolls,  which  aro  roUed  in  charcoal  pot 
aad  then  exposed  to  a  strong  red  heat  in  a  covered  crucible.  These  igniteJ 
form  rhe  mixture  of  silica  and  charcoal  which  is  introdnced  into  the  porceluB 
(fig.  157),  and  heated  strongly  by  a  charcoal  furnace,  while  chlorine  gas,waabl 
water  and  dried  in  &  chloride  of  calciam  tube,  is  carried  through  the  porcelain  t 
The  chloride  of  ulioon  is  condensed  in  a  U  tube  placed  in  an  inverted  bell-jar, 
an  opening  at  the  lower  part;  a  short  straight  tube  is  cemented  to  the  loww 
of  the  U  tube,  and,  passing  throngh  the  tubnlnro  of  the  jar,  terminates  in  a  ■ 
thoroughly  dry  bottle,  where  the  liquefied  chloride  of  silicon  is  collected.  (RegiM 
Trait4). 

The  chloride  of  silicon  is  a  colourless,  highly  mobile  liquid,  of  density  1 
which  boils  at  138°  (59°  CV  and  fumes  in  the  air.     It  is  instantly  decompoM 
contact  with  water,  and  resolved  into  hydrochloric  acid  and  silica :  — 
SiCl,  and  ^HO^SiO,  and  3HC!. 

This  property  affords  the  means  of  analyiing  the  chloride  of  ulicon,  as  the 
tine  of  uie  hydrochloric  acid  formed  may  be  precipitated  by  nitrate  of  silver,  ai 
amount  determined.  The  proportion  of  oxygen  in  silicic  acid  may  also  be  dad 
from  the  same  experiment,  as  the  oxygen  mnst  necessarily  be  equivalent  It 
chlorine  in  the  chloride. 

CHLOniNE  AND   BULPHUS. 

Chlorine  and  sulphnr  appear  to  combine  in  several  different  proportions,  KM 
these  compounds  being  formed  only  in  combination  with  cerbun  other  chltf 
But  two  compounds  of  these  elements  have  been  obtained  in  a  separate  state.* 

Snhchloridt  of  sulphur;  67.5  or  843.75;  S,C1.  — This  compound  VM 
obtained  by  Dr.  T.  Thomson  in  1804.  To  prepare  it,  a  few  ounces  of  flow« 
sulphur  are  introduced  into  the  tubulated  retort  D  (fig.  158),  and  fused  by  a  J 

Fro.  168. 


below.  Chlorine  gas  is  evolved  froni  hydrochloric  acid  and  binozide  of  maiM 
in  the  flask  A,  transmitted  through  the  wash-bottle  B  containing  water,  anoi 
wards  dried  by  chloride  of  calcium,  before  the  gas  reaches  the  sulphur  in  D. 
chlorine  is  rapidly  absorbed,  and  a  yellowish  red  dense  liquid  distils  over,  a 
condensed  in  the  flask  with  two  openings  E,  which  is  kept  cool  by  a  stream  of  1 
from  F.    It  contains  an  excess  of  sulphur  in  solution,  bnt  is  obtained  pn 

•  IStt  SHppUment,  p.  7*3.] 
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redistilling  the  liquid  at  a  moderate  temperature  (Hose,  Anual.  de  Ch.  et  de  Ph.  1. 
92).  The  subchloride  of  sulphur  boils  at  about  2oO^,  and  has  a  disagreeable  odour, 
somewhat  resembling  that  of  sea-weed,  but  much  stronger.  Its  density  in  the  liquid 
state  is  1.687 ;  the  density  of  its  vapour  has  been  found  4668  by  experiment.  This 
compound  is  capable  of  dissolving  a  large  quantity  of  sulphur,  which  may  be  obtained 
in  crystals  from  a  solution  saturated  at  a  high  temperature.  It  is  decomposed  by 
water,  and  hydrochloric  acid  with  acids  of  sulphur  formed. 

In  one  of  the  processes  for  vulcanizing  caoutchouc,  the  subchloride  of  sulphur  is 
employed.  This  compound  is  dissolved  in  50  times  its  bulk  of  well  rectified  coal 
naphtha,  and  the  articles  of  caoutchouc  immersed  in  the  fluid  for  one  minut<;,  then 
taken  out  and  dried  without  heat.  The  caoutchouc  thus  acquires  a  small  portion  of 
sulphur,  with  which  it  appears  to  combine,  and  is  improved  greatly  in  elasticity  and 
strength. 

Protochloride  of  sulphur,  51.5  or  643.75;  SCI.  —  K  chlorine  be  passed  through 
the  former  compound,  the  gas  is  absorbed  in  large  quantity,  and  a  liquid  compound 
of  a  deep  red  colour  formed,  which  contains  twice  as  much  chlorine.  The  new 
compound  dissolves  an  excess  of  chlorine,  which  must  be  expelled  by  ebullition. 
When  pure,  this  chloride  boils  at  147^.2  (64^  C.)  Its  density  in  the  liquid  form 
is  1.620,  and  in  the  state  of  vapour  3549.  It  is  decomposed  like  the  preceding 
compound  when  agitated  with  water,  all  its  chlorine  becoming  hydrochloric  acid,  the 
quantity  of  which  may  be  determined  by  the  usual  means.  Polythionic  acids  are 
also  formed,  with  a  deposit  of  sulphur.  This  compound,  of  which  the  formula  is 
SCI,  may  correspond  with  hypochlorous  acid  CIO,  or  with  hyposulphurous  acid ; 
but  the  subchloride  of  sulphur,  SjCl,  has  no  analogue  among  the  known  compounds 
of  oxygen  and  chlorine,  or  of  oxygen  and  sulphur. 

When  chlorine  is  passed  over  the  bisulphide  of  tin,  the  gas  is  absorbed,  the  sul- 
phide fuses,  and  a  compound  is  formed  in  yellow  crystals,  which  consists  of  SnClrh 
SCV  The  sulphur  of  the  sulphide  of  titanium  and  of  the  sulphides  of  antimony 
and  arsenic  is  converted  by  chlorine  in  the  same  manner  into  bichloride,  and  the 
metal  itself  obtains  the  same  proportions  of  chlorine  as  it  had  of  sulphur  previously, 
the  new  products  also  remaining  in  combination  with  each  other  (Rose,  Annal.  de 
Ch.  et  de  Ph.  Ixx.  270). 

CHLORn)£S   OP  PHOSPHORUS.* 

Terchloride  of  phosphorus,  PCI3.  —  This  chloride,  which  corresponds  with  phos- 
phorous acid,  b  obtained  by  passing  chlorine  through  melted  phosphorus,  as  for 
chloride  of  sulphur  (fig.  158);  a  clear  and  volatile  liquid  distils  over,  of  sp.  gr.  1.45. 
It  is  capable  of  dissolving  phosphorus ;  when  mixed  with  water,  it  is  resolved  into 
hydrochloric  and  phosphorous  acids. 

Pentachloride  0/  phosphorus,  PCI5.  — Phosphorus  takes  fire  spontaneously  in  a 
vessel  of  dry  chlorine,  and  produces  a  snow-white  woolly  sublimate,  which  is  very 
volatile,  rising  in  vapour  below  212°.  It  is  converted  by  water  into  hydrochloric 
and  phosphoric  acids. 

The  variation  of  the  vapour-density  of  this  substance  observed  by  M.  Cahours, 
has  already  been  referred  to  (page  138).  This  compound  is  considered  by  Cahours 
as  a  direct  combination  of  the  terchloride  with  2  eq.  chlorine,  PClff-CV 

Chloroxide  of  phosphorus,  PCljOa-  —  The  vapour  of  water  produces  with  the 
pentachloride  of  phosphorus  a  compound  so  named,  discovered  by  M.  Wurtz.  It  is 
a  colourless  and  very  limpid  liquid,  of  density  1.7,  which  fumes  in  air.  It  is  decom- 
posed by  water. 

Chloro-wlphide  of  phosphorus,  PCljSs.  —  It  was  discovered  by  Semllas,  and  is 
obtained  by  the  action  of  hydrosulphuric  acid  on  the  pentachloride  of  phosphorus. 
It  is  liquid,  boils  at  262''  (128''  C);  is  not  decomposed  by  water.  The  alkaline 
oxides  transform  it  into  a  sulphoxiphosphate,  a  metallic  chloride  being  produced  at 
Ihe  »me  time :  PCl^  ^^  6NaO=3NaO.PO,S2  and  3NaCL 

•  IS-  Suppi$m€nt,  p.  794.] 
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These  salts,  which  correspond  with  the  trihasio  phosphates,  may  be  crystalliied. 
The  sulphoxiphosphato  of  soda  crystallizes  with  24  eq.  water^  3NaO.PO9St+24H0| 
and  has,  therefore,  a  composition  exactly  similar  to  the  phosphate  of  soda,  SNaO. 
P06+24IIO,  but  the  form  is  different  Here,  then,  sdphor  is  not  isomorphoas 
with  oxygen  (Wurtz^  AnnaL  de  Ch.  3me  s6r.  xx.  472). 


SECTION  XI. 

BROMINE. 


Eq.  78.26  or  978.30;  Br;  densittf  of  vapour  5393;  Q 


This  element  was  discovered  by  M.  Balard  of  Montpellier  in  1826.  Its  name  ia 
derived  from  Bpufto^*,  mal-odour,  and  was  applied  to  it  on  account  of  its  strong  and 
disagreeable  odour.  Like  the  other  members  of  the  chlorine  family,  it  is  foand 
principally  in  solution,  being  present  in  an  exc<}edingly  minute  but  appreciable  prc^ 
portion  in  sea-water,  under  the  form  of  bromide  of  sodium  or  magnesium,  also  in 
the  water  of  the  Dead  Sea,  and  in  nearly  all  the  saline  springs  of  Europe,  of  which 
that  of  Theodorshall  near  Kreuznach  in  Germany  is  the  principal  source  of  brominei 
as  an  article  of  commerce.  Bromine  is  interesting  from  its  chemical  relations,  pa^ 
ticularly  from  the  extraordinary  parallelism  in  properties  with  chlorine  which  it 
exhibits. 

Preparation.  —  Bromine  in  combination  is  discovered  by  means  of  chlorine-water, 
a  few  drops  of  which  cause  the  colourless  solution  of  a  bromide  to  become  orange- 
yellow,  like  nitrous  acid,  by  disengaging  bromine,  while  an  excess  of  chlorine  weakens 
the  indication,  by  forming  a  chloride  of  bromine  which  is  nearly  colourless.     Before 
the  application  of  this  test,  the  saline  water  in  which  bromine  is  contained  most 
always  be  greatly  concentrated,  and,  indeed,  the  greater  part  of  its  salts  should  be 
separated  by  crystallization.     The  bromides  are  highly  soluble,  and  remain  in  the 
crystallizablc  liquor  which  is  called  the  mother-ley,  or  bittern  in  the  case  of  seip 
water.     The  bromide  of  magnesium  may  lose  hydrobromic  acid  during  the  fiirtha 
concentration  of  the  mother-ley,  by  evaporation,  on  which  account  Desfosses  rcoom- 
mends  the  addition  of  hydrate  of  lime  to  the  liquid,  which  throws  down  magnesia, 
and  produces  a  bromide  of  calcium  which  may  be  evaporated  without  loss  of  bromine 
Instead  of  using  free  chlorine  to  extricate  the  bromine,  binoxide  of  manganese  an^ 
a  little  hydrochloric  acid  may  be  added  to  the  liquid.     Upon  distilling,  bromine  b 
liberated  and  comes  off  completely  before  the  liquid  boils.     The  watery  vapour  whid 
condenses  in  the  receiver  along  with  the  bromine  contains  a  portion  of  chloride  d 
bromine,  from  which  the  bromine  may  be  separated  by  adding  baryta  to  the  liquid 
and  forming  a  chloride  of  barium  and  bromate  of  baryta ;  evaporating  the  liquor  t 
dryness,  heating  to  redness,  and  treating  with  alcohol. 

Properties.  —  Bromine  condenses  in  the  preceding  process  as  a  dense  liquid  undc 
the  water,  the  sp.  gr.  of  bromine  being  2.966.  In  mass,  it  b  opaque  and  of  a  darl 
brown  red,  but  in  a  thin  stratum,  transparent  and  of  a  liyacinth  red.  Its  odour! 
powerful  and  very  like  that  of  chlorine.  When  cooled  10  or  15  degrees  below  icrc 
it  freezes,  and  remains  solid  at  10° ;  it  then  has  a  leaden  gray  colour,  and  a  lustf 
almost  metallic.  Bromine  at  the  usual  temperature  is  decidedly  volatile,  and  t 
retard  its  evaporation  it  is  generally  covered  by  water  in  the  bottle  in  wliich  it  i 
kept.  It  boils  at  11 6°. 5,  and  affords  a  vapour  very  siipilar  to  the  ruddy  fumes  o 
peroxide  of  nitrogen.  Bromine  is  soluble  to  a  small  extent  in  water,  and  give 
an  orange-coloured  solution;  it  Is* more  soluble  in  alcohol,  and  considerably  morcf 
in  ether. 

Bromine  bleaches  like  chlorine,  and  acts  in  a  similar  manner  upon  the  volatil 
oils  and  many  organic  substances  containing  hydrogen,  which  element  it  climinati 
in  the  form  of  hydrobromic  acid.     Many  metals  combine  with  bromine  with  ignitioi 


HTDROBROMIC  ACID.  351 

as  they  do  with  chlorine ;  it  acts  as  a  caustic  on  the  skin,  and  stains  it  yellow,  like 
nitric  acid.  It  forms  a  compound  with  starch,  which  is  of  a  yellow  colour ;  like 
chlorine  it  forms  a  crystalline  hydrate  with  water  at  32°,  which  is  of  a  beautiful  red 
tint. 

Hydrobromic  acid;  79.26  or  990.8;  HBr.  —  This  is  a  gas,  in  which  2  volumes 
of  each  constituent  are  united  without  condensation,  as  in  hydrochloric  acid,  and 
which  has  the  great  attraction  for  water  of  that  acid.  Hydrogen  and  bromine  do 
not  unite  at  the  usual  temperature,  and  a  mixture  of  them  is  not  exploded  by  flame, 
but  they  unite  in  contact  with  the  flame  and  form  hydrobromic  acid.  The  same 
acid  is  more  readily  prepared  by  the  action  of  bromine  upon  certain  compounds  of 
hydrogen,  such  as  hydrosulphuric  acid,  pbosphurettcd  hydrogen,  and  hydriodic  acid. 
The  gas  may  also  be  obtained  by  the  mutual  action  of  bromine,  phosphorus,  and 
water,  and  must  be  collected  over  mercury. 

For  the  last  proci»ss,  a  tube-apparatus,  represented  fig.  159,  is  recommended  by 
M.  Kegnault.    It  contains  a  little  bromine  in  the 
bend  b,  and  small  portions  of  phosphorus  at  rf,  ^^^*  ^^^* 

this  bend  being  filled  up  with  fragments  of  glass, 
and  a  Tcry  minute  quantity  of  water  added.  The 
open  end  a  of  the  tube  being  closed  with  a  cork, 
heat  is  applied  to  5,  so  as  to  vapourize  the  bro- 
mine in  a  gradual  manner.  A  bromide  of  phos- 
phorus is  produced,  which  is  immediately  decom- 
posed by  the  water,  while  hydrobromic  acid  is 
disengaged  and  escapes  by  the  tube  e. 

Hydrobromic  acid,  like  all  the  other  bromides,  is  decomposed  by  chlorine,  which 
is  more  powerful  in  its  affinities  than  bromine,  but  it  is  not  decomposed  by  iodine. 
Its  action  with  metals  is  precisely  similar  to  that  of  hydrochloric  acid.  Hydro- 
bromic acid  is  not  decomposed  when  heated  with  oxygen,  and  water  is  not  decom- 
posed by  bromine,  so  that  the  affinity  of  bromine  and  oxygen  for  hydrogen  may  be 
inferred  to  bo  nearly  equal.  This  acid,  or  a  soluble  bromide,  produces  white  preci- 
pitates with  the  nitrates  of  silver,  lead,  and  suboxide  of  mercury,  which  are  very 
similar  to  the  chlorides  of  these  metals.  The  other  metallic  bromides  correspond  in 
solubility  with  the  chlorides.  The  bromide  of  silver,  like  the  chloride,  is  soluble  in 
ammonia. 

Bromic  acidy  BrOs- — Bromine  is  dissolved  by  the  strong  alkaline  bases,  and 
occasions  a  decomposition  exactly  similar  to  that  produced  by  chlorine,  in  which  a 
bromide  of  the  metal  and  bromate  of  the  metallic  oxide  are  formed.  The  bromio 
acid  may  be  separated  from  bromate  of  baryta  by  sulphuric  acid,  and  its  solution 
may  be  concentrated  to  a  certain  point,  like  chloric  acid,  beyond  which  it  undergoes 
decomposition.  It  has  not  been  isolated.  The  chief  points  of  difierence  between 
chloric  and  bromic  acid  are,  that  the  latter  alone  is  decomposed  by  sulphurous  and 
phosphorous  acids,  and  by  hydrosulphuric  acid;  and  while  all  the  chlorates  are 
soluble,  the  bromates  of  silver  and  suboxides  of  mercury  are  insoluble,  the  former 
being  a  white  and  the  latter  a  yellowish  white  precipitate.  Bromic  acid  is  the  only 
known  oxide  of  bromine. 

Chloride  of  bromine j  BrCls-  —  Chlorine  gas  is  absorbed  by  bromine,  and  a  vola- 
tile fluid  of  a  reddish  yellow  colour  produced.  This  chloride  appears  to  dissolve  in 
water,  without  decomposition,  but  in  an  alkaline  solution  it  is  converted  into  chloride 
and  bromate. 

Bromide  of  sulphur.  —  Bromine  combines  when  mixed  with  flowers  of  sulphufi 
forming  a  fluid  of  an  oily  appearance  and  reddish  tint,  much  resembling  subchlorido 
of  sulpnur  in  appearance  and  properties.  This  bromide  dissolves  both  sulphur  and 
bromine,  and  has  not  been  obtained  in  a  state  of  sufficient  purity  for  analysis. 

Bromides  of  phosphorus^  PBr,  and  PBrj.  —  If  bromine  and  phosphorus  are 
broaffht  into  oontacty  in  a  flask  filled  with  carbonic  acid  gas,  a  violent  action  with 
ignitioii  takes  place,  of  which  the  products  are  a  volatile  crystalline  solid  and  a  yel 
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lOwisb  liquid.  Tbc  fonner,  when  decomposed  by  water,  afforda  hjdrobromie  aol 
{ihosphoric  acids^  which  proves  it  to  bo  PBrs;  and  the  latter  afforda  bydrochloiil 
lud  phosphorous  acids^  which  proves  it  to  be  PBr,.  The  liquid  bromide  does  Ml 
^ezc  at  5^,  and,  like  the  liquid  chloride  of  phosphorus,  is  capable  of  diasoIviDg  i 
large  quantity  of  phosphorus. 

Bromide  of  silicon  —  Is  prepared  by  a  similar  process  as  the  chloride  of  siliooib 
It  is  a  liquid  boiling  at  302^,  and  freezing  at  10^.  By  water  it  is  resolved  iBti 
hydrobromio  acid  and  silica. 

[^See  Supplement,  p.  795.] 
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Eq.  126.36  or  1579.5  j  I;  density  of  vapour  8707 ;    |     [     | 


Iodine  was  discovered  in  1811,  by  M.  Courtois  of  Paris,  in  kelp,  a  substance  ftoi 
which  he  prepared  carbonate  of  soda.  Its  chemical  properties  were  examined  b 
Clement,  and  afterwards,  more  completely,  by  Davy  and  Gkiy-Lussac,  particulai) 
by  the  latter  (Davy,  Phil.  Trans,  for  1814  aud  1815;  Gay-Lussac,  Annal.  de  CI 
Ixxxviii.,  xc,  et  xci.)  A  trace  of  iodine  has  been  observed  in  sea-water  (Schweitzer 
but  it  is  more  abundant  in  the  fuci,  ulvi,  and  other  marine  plants,  and  also  in  spong 
the  ashes  of  which  contain  iodide  of  sodium.  It  is  known  also  to  exist  in  one  mil 
ral,  a  silver  ore  of  Albaradon  in  Mexico.     [Sec  Supplement,  p.  796.] 

Preparation. — The  greater  part  of  the  iodine  of  commerce  b  prepared  at  Glasgc 
from  the  kelp  of  the  west  coast  of  Ireland  and  western  islands  of  Scotland.    The  m 
weed  thrown  upon  the  beach  is  collected,  dried,  and  afterwards  burned  in  a  shalk 
pit,  in  which  the  ashes  accumulate  and  melt  by  the  heat,  being  of  a  fusible  materi 
The  fused  mass  broken  into  lumps  forms  kelp,  which  was  prepared  and  chiefly  vain 
at  one  time  for  the  carbonate  of  soda  it  contains,  which  varies  in  quantity  from  2 
5  per  cent.     It  is  not  all  equally  rich  in  iodine.     According  to  the  observation 
Mr.  Whitelaw,  the  long  elastic  stems  of  the  fucus  palmatus  afford  most  of  the  iodi 
contained  in  kelp,  and  the  kelp  prepared  from  this  plant  may  be  recognized  by  1 
presence  of  charred  portions  of  the  stems.     This  being  a  deep  sea  plant,  iodine 
found  in  largest  quantity  in  the  sea-wreck  of  exposed  coasts.     A  high  temperati 
in  the  preparation  of  the  kelp,  which  increases  the  proportion  of  alkaline  carboni 
diminishes  that  of  the  iodine,  owing  to  the  volatility  of  the  iodide  of  sodium  at  a  i 
red  heat     The  kelp  which  contains  most  iodine  generally  contains  also  most  chloi 
of  potassium,  and  it  is  for  these  two  products  that  the  substance  is  now  valued,  m 
than  for  its  alkali. 

The  kelp  broken  into  small  pieces  is  lixiviated  in  water,  to  which  it  yields  ab 
naif  its  weight  of  salts.  The  solution  is  evaporated  down  in  an  open  pan,  and  w) 
concentrated  to  a  certain  point,  begins  to  deposit  its  soda  salts,  —  namely,  corns 
salt,  carbonate  and  sulphate  of  soda,  —  which  are  removed  from  the  boiling  liq 
by  moans  of  a  shovel  pierced  with  holes  like  a  colander.  The  liquid  is  afl^rwi 
run  into  a  shallow  pan  to  cool,  in  which  it  deposits  a  crop  of  cr3r8tals  of  chloride 
potassium :  the  same  operations  are  repeated  upon  the  mother-ley  of  these  crys 
until  it  is  exhausted.  A  dense  dark-coloured  liquid  remains,  which  contains 
iodide,  in  the  form,  it  is  believed,  of  iodide  of  sodium,  but  mixed  with  a  large  qi 
tity  of  other  salts ;  and  this  is  called  the  iodine  ley. 

To  this  ley,  sulphuric  acid  is  gradually  added  in  such  quantity  as  to  leave 
liquid  very  sour,  which  causes  an  evolution  of  carbonic  acid,  sulphuretted  hydro^ 
and  sulphurous  acid  gases,  with  a  considerable  deposition  of  sulphur.  AHer  sti 
ing  for  a  day  or  two,  the  ley  so  prepared  is  heated  with  binoxide  of  manganese 
separate  the  iodine.  This  operation  is  conducted  in  a  leaden  retort  a  (see  fig^  1 
of  a  cylindrical  form,  supported  in  a  sand-bath,  which  is  heated  by  a  small  fiieoel 
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The  retort  has  a  largo  opening,  to 
whicfa  a  cupital,  b  c,  resembling  j-^ 
the  head  of  an  alciubic,  is  adapted, 
knd  lutbd  vitb  pipc-claj.  In  tlie 
capital  itself  there  are  twoopeaiDgs, 
a  l-ATger  and  a  sinaltcT,  at  b  and  e, 
clrMud  by  badcu  stoppers.  A  scries 
of  bottles  d,  having  each  two  open- 
ingN,  fimnectcd  together  as  repre- 
Knti.'d  in  ibc  figure,  and  with  tbcir 
joinings  luted,  are  used  as  con- 
dcnsen".  The  prepared  ley  being 
healed  to  about  140°  in  the  retort, 
the  muDgancse  is  then  in  trod  need, 
uid  b  e  tutud  to  a.  Iodine  immc- 
diutelv  begins  to  come  off,  and 
proceeds  on  to  the  condensers,  in 
vhieli  it  is  collected ;  the  progress 
of  its  eviiluti<in  is  watched  by  oc- 
casionally removing  the  stopper  ~ 
wt  e;  and  nddilions  of  sulphuric  acid  or  tuanganeso  are  made  hj  J,  if  deemed  neces- 
sary.  The  success  of  the  experiment  depends  much  upon  ila  being  slowly  conducted, 
and  upon  the  proper  managcnicnt  of  the  temperature,  which  is  more  easily  regulated 
when  the  C|uantitie3  of  materials  are  conrfderahlo,  than  when  the  experiment  is 
sltcRiptcd  with  SRi»1I  quantities  in  glass  fltuks.  In  the  latter  circum^tanees,  diloriue 
ia  often  evolved  with  the  iodine,  wbich  escapes  in  acrid  fumes,  as  the  chloride  of 
iodine,  and  is  lost;  but  this  accident  can  be  avoided  in  the  manufacturing  process. 
A  little  cyanide  of  iodine  often  accompanies  the  iodine,  which  being  more  volatile, 
condenses  in  the  form  of  white,  flexible,  prismatic  crysbds,  in  tho  botUo  most  distant 
from  the  leaden  retort 

In  this  operation  the  binoxidc  of  manganese  will  be  in  contact  at  once  with 
hydriiMJic,  hydrochloric,  and  sulphuric  acids;  and  the  iodine  of  the  bydriodic  acid 
may  !«  libfruted,  from  the  union  with  its  hydrogen  of  liio  osjgen  of  tho  mann- 
SCEC,  and  ibc  formation  of  water ;  or  hydrochloric  acid  may  be  first  decomposed  Dj 
the  maiignnetc,  and  chlorine  decompose  tho  bydriodic  acid  and  liberate  iodine.  If 
m  considerable  excess  of  sulphuric  acid  be  employed,  iodine  is  obtained  without  the 
nee  of  binoxidc  of  manganese,  the  oxygen  required  by  the  hydrogen  of  tbo  hydriodio 
Kcid  being  supplied  by  the  sulphuric  acid,  a  part  of  which  is  converted  into  sul- 

Sburons  acid.  The  presence  of  iodine  in  the  prepared  ley  may  be  observed  h^  snd- 
cnly  mixing  it  with  ao  equal  volume  of  oil  of  vitriol,  when  «olct  fumes  of  iodine 
appear.  But  the  quantity  of  iodine  inny  be  more  accurately  estimated  by  meana 
of  a  solution  consisting  of  1  part  of  crystallized  sulphate  of  copper  and  2^  cr.  pro> 
■ulphatc  of  iron,  which  throws  down  an  insoluble  subii^dide  of  copper,  almost  white. 
It  Dtay  also  bo  determined  appro:  imatively  by  precipitation  by  the  ammonio-nitrata 
t^  silver. 

Propfrlift. — Iodine  is  generally  in  cryatallino  scales  of  a  bluish  blnclt  colour  and 
metallic  lustre.  It  is  obtained,  from  solution,  in  modiflcationa  of  an  elongated  octo- 
hcdmn  with  rhomboidal  base  (fig.  161.)  The  density  of  iodine  is  4-948;  it  fuses 
at  22-0^,  and  boils  at  S-IT" ;  but  it  evnporates  at  the  usual  temperature,  and  more 
rapidly  when  damp  than  when  dry,  diffusing  an  odour  having  considerable  resem- 
blance 10  chlorine,  but  easily  distinguished  from  it.  Iodine  stains  tho  skin  of  a 
jellow  colour,  which  bowercr  disappears  in  a  few  hours.  Its  vapour  is  of  a  splendid 
Tjolet  colour,  which  is  seen  to  great  advantage  when  a  scruple  or  two  of  iodine  is 
throwo  at  oficc  upon  a  hot  brick.  Hence  its  name,  from  1w3^,  violet-cotoured. 
n>e  Tapour  of  iodise  is  one  of  the  heaviest  of  gaseous  bodies,  ila  density  being  871S 
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according  to  the  experiment  of  Dumas,  and  8707.7  according  to  calculation  hm 
atomic  weight 

Fia.  161. 


Pure  water  dissolves  about  1 -7000th  of  its  weight  of  iodine,  and  acquires  a  b 
colour;  but  wlien  charged  with  salt,  particularly  the  nitrat*^  or  hydrochloral 
ammonia,  water  dissolves  a  considerably  greater  quantity  of  iodine.  The  sol 
of  iodine  docs  not  disengage  oxygen  in  the  light  of  the  sun,  and  docs  not  de 
Tegetable  colours,  but  after  a  time  it  becomes  colourless,  and  then  contains  hjdi 
and  iodic  acids.  In  other  respects,  iodine  generally  comports  itself  like  chk 
but  its  affinities  are  much  less  powerful.  Iodine  is  soluble  in  alcohol  and  c 
with  which  it  forms  dark  reddish-brown  liquids.  Solutions  of  iodides,  too,  al 
solve  much  iodine,  and  become  of  a  deep  red  colour.  A  liquid  containing  20  g 
of  iodine  and  30  grains  of  iodide  of  potassium  in  1  ounce  of  water,  is  knoi 
Lugol's  solution,  and  preferred  to  the  tincture  in  medicine,  because  the  iodine  i 
precipitated  from  it  by  dilution  with  water. 

A  solution  of  starch  forms  a  compound  with  iodine,  of  a  deep  blue  colour,  so 
in  pure  water  but  insoluble  in  acid  and  saline  solutions,  the  production  of  whii 
an  exceedingly  delicate  test  of  iodine.  If  the  iodine  be  free,  starch  produo 
once  the  blue  compound,  but  if  the  iodine  be  in  combination  as  a  soluble  iodid 
change  takes  place  till  chlorine  is  added  to  liberate  the  iodine.  If  more  chio 
however,  be  added  than  is  necessary  for  that  purpose,  the  iodine  is  withdrawn 
the  starch,  chloride  of  io<line  formed,  and  the  blue  compound  destroyed.  Dr.  1 
Thomson,  after  adding  the  starch  with  a  drop  of  sulphuric  acid  to  the  liquid 
taining  an  iodide,  in  a  cylindrical  vessel,  allows  the  vapour  only  from  the  chk 
water  bottle  to  fall  upon  the  solution,  and  not  the  chlorine-wator  itself.  In 
way,  the  danger  of  adding  an  excess  of  chlorine  is  easily  avoided,  and  the  test 
catos  in  a  sensible  manner  an  exceedingly  minute  quantity  of  iodine.  The  M 
of  starch,  in  water,  becomes  colourless  when  heated,  but  recovers  its  blue  coto 
immediately  cooled.  The  soluble  iodides  give,  with  the  nitrate  of  silver,  an  inso 
iodide  of  silver,  of  a  pale  yellow  colour,  insoluble  in  ammonia;  with  salts  of 
an  iodide  of  a  rich  yellow  colour,  and  with  corrosive  sublimate,  a  fine  scarlet » 
of  mercury. 

In  ascertaining  the  quantity  of  iodine  in  the  mixed  chlorides,  and  iodidi 
mineral  waters  and  other  solutions,  Kose  recommends  the  addition  of  nitnl 
ftilver,  which  throws  down  a  mixture  of  chloride  and  iodide  of  silver,  which  is  1 
and  weighed.  This  is  afterwards  heated  in  a  tube  and  chlorine  passed  over  I 
w^hich  the  iodine  is  expelled,  and  the  wh(»le  becomes  chloride  of  silver, 
weighed  again,  and  a  loss  is  found  to  have  occurred,  owing  to  the  equivalent  ol 
replacing  chlorine  being  less  than  that  of  the  replaced  iodine.  This  loss,  multi 
by  1  38y,  gives  the  (fuantity  of  iodine  originally  present,  which  has  been  ei| 
by  the  chh»rine.  (liandbuch  der  analyt.  Chcui.  von  Ueinrich  Rose,  H.  2,  p.  i 
Dr.  Schweitzer  employs  a  similar  meth(K]  in  estimating  the  quantity  of  iodine  ^ 
mixed  with  bromine,  heating  the  iodide  and  bromide  of  silver  in  an  atmosplii 
bromine.  The  difference  of  weight  multiplied  by  2.627  gives  the  propOTtk 
iodine,  and  multiplied  by  1.627  the  proportion  of  bromine.  (Phil.  Mag.,  3d  ■ 
XV.  p.  57.) 
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Uses. — Incline  is  employed  in  the  laboratory  for  many  chemical  preparations,  and 
as  a  tost  of  stxircb.  It  was  first  introduced  into  medicine  by  Coindet  of  Geneva, 
who  employed  it  with  success,  in  the  treatment  of  goitre,  dissolved  in  alcohol,  in 
solution  of  iodide  of  pot^issium,  or  as  iodide  of  sodium ;  and  since  th  it  application, 
nio.^t  mineral  waters  to  which  the  \'irtue  of  curing  goitre  was  ascribcii,  have  been 
found  to  contain  iodine.  M.  Boussingault  has  adduced  striking  confirmations  of 
the  efficacy  of  iodine  in  that  disease,  in  his  interesting  memoir  on  the  iodiferous 
mineral  waters  of  the  Andes.  (Annal.  de  Chim.  et  do  I'hys.,  liv.  103.)  It  appears 
to  have  a  specific  action  in  causing  the  absorption  of  glandular  swellings,  and  is  also 
administcrt^d  as  a  tonic.  Iodine  swallowed  in  the  solid  state  causes  ulceration  of 
the  mucous  membrane  of  the  stomach,  and  dcatii.  But  the  iodide  of  potassium  or 
s<>dium  is  not  poisonous  in  considerable  doses,  nor  is  the  iodide  of  starch  hurtful 
(Dr.  A.  Buchanan).  Iodine  and  bromine  have  also  found  an  interesting  application 
to  form  the  film  of  iodide  or  bromide  of  silver,  in  the  silver-plates  of  the  daguerreo- 
type, which  is  so  sensitive  to  light. 

Iodides.  —  Iodine  does  not  form  a  hydrate  like  chlorine,  but  it  combines  with 
anotlicr  compound  body,  ammonia ;  dry  iodine  absorbing  dry  ammoniacal  gas  and 
mnning  into  a  brown  liquid,  which  Bineau  found  to  contain  20.4  ammonia  to  100 
iodine,  quantities  in  the  proportion  of  3  equivalents  of  ammonia  to  2  of  iodine. 
(Annul,  de  Chim.  et  de  Phys.,  Ixvii.  220.)  This  liquid  dissolves  iodine.  Iodine 
docs  not  combine  with  dry  iodide  of  potassium,  but  with  the  addition  of  a  small 
quantity  of  water,  it  forms  what  appears  to  be  a  ternary  compound  of  iodide  of 
potassium,  water  and  iodine,  which  is  usually  fluid,  but  was  obtained  in  crystals  by 
Bauer.  Iodine  forms  similar  compounds  with  other  hydratod  metallic  iodides. 
T\''itb  the  metals  generally  iodine  combines,  with  the  same  facility,  and  nearly  with 
85  much  energy  as  chlorine  does.  The  iodide  of  zinc  and  protiodide  of  iron,  which 
arc  very  soluble,  are  formed  by  simply  bringing  the  metals  into  contact  with  iodine, 
in  water.     All  the  iodides  are  decomposed  by  bromine,  as  well  as  by  chlorine. 

The  compounds  of  iodine  may  be  shortly  described  in  the  following  order : — 


Hydriodic  acid HI 

♦Iodic  acid IO5 

Periodic  ocid IO7 

Iodide  of  nitrogen  ...  NI3 


Iodide  of  sulphur 
Iodides  of  phosphorus 
Chlorides  of  iodine 
Bromides  of  iodine. 


COMPOUNDS   or  IODINE. 


Hydriodic  acid ;  127.36  or 
1592 ;  HI.  —  Hydriodic  acid 
caunot  be  prepared  with  ad- 
vantage by  treating  the  iodide 
of  sodium  or  potassium  with 
hydratod  sulphuric  acid,  as  the 
latter  is  partially  converted 
into  sulphurous  acid  by  hy- 
driodic acid,  with  the  separa- 
tion of  iodine.  It  may  bo 
obtained  in  the  state  of  gas, 
bj  forming  an  iodide  of  phos- 
phorus, 9  parts  of  dry  iodine 
snd  1  of  phosphorus  being  in- 
troduced into  a  tube  sealed  at 
one  end,  to  be  used  as  a  retorty 
and  the  mixture  covered  by 
pounded  glass,  and  combina- 
tion determined  by  a  gentle 
heat;  and  afterwards  decom- 
posing this  iodide  of   phos- 

•  [St€  SmppUmmt,  p.  T96.] 
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phonis  by  a  few  drops  of  water.  Hydriodic  acid  instantly  comes  off  as  gu,  aitd 
hydratod  phosphorous  acid  remains  in  the  tube : 

PI3  and  6HO=3HI  and  3H0+P0,. 

A  slight  heat  may  be  applied  to  the  tube,  when  the  action  abates,  to  expel  the  last 
portions  of  hydriodic  acid;  but  if  the  temperature  be  clevatcd|  the  residuary  hj- 
drated  phosphorous  acid  is  decomposed,  with  evolution  of  phosphurctted  hydrogen 
gas,  which  may,  therefore,  be  obtained  by  the  same  operation.  This  eas  is  veiy 
soluble  in  water,  and  soon  decomposed  over  mercuryi  which  combines  with  its  iodine 
and  liberates  hydrogen ;  so  that  it  is  collected  in  a  dry  bottle,  B,  by  the  method  of 
displacement,  and  the  bottle  is  closed  with  a  glass  stopper  when  full  of  gas.  Hy- 
driodic gas  is  colourless,  of  density  4443  by  experiment  and  4385  by  theory,  and 
consists  of  2  volumes  of  iodine  vapour  and  2  volumes  of  hydrogen  gas  united  with- 
out condensation,  or  forming  4  volumes,  which  are,  therefore,  the  combining  measnrc 
of  the  gas.  In  the  combination  of  its  constituents  by  volume,  hydriodic  acid  re- 
sembles hydrochloric  acid  gas  and  all  the  other  hydrogen  acids.  Hydriodic  acid  gas  is 
gradually  decomposed  by  oxygen,  with  the  formation  of  water :  iodine  is  liberated. 

The  solution  of  this  acid  in  water  may  bo  obtained  by  transmitting  hydrosulphuric 
acid  gas  through  water  in  which  iodine  is  suspended :  the  iodine  combines  with  the 
hydrogen  of  that  compound  and  liberates  the  sulphur.  The  liquid  may  aftenrardi 
be  warmed  to  expel  the  excess  of  hydrosulphuric  acid,  and  filtered.  It  is  colourless 
at  first,  but  in  a  few  hours  becomes  red,  owing  to  the  decomposition  of  hydriodic 
acid  by  the  oxygen  of  the  air,  and  solution  of  the  iodine  in  the  acid. 

The  solution  has  its  maximum  boiling  point,  which  lies  between  257^  and  2G2', 
when  of  sp.  gr.  1.7,  according  to  Gay-Lussac.  Nitric  and  sulphuric  acids  decompose 
it,  and  are  decomposed  themselves  with  the  formation  of  water;  the  starch  test  then 
indicates  free  iodine. 

Iodic  acid;  166.36  or  2079.5;  lOs-  —  Iodine  does  not  afford  a  peculiar  acid 
compound  with  red  oxide  of  mercury  and  those  metallic  oxides  which  yield  free 
hypochlorous  acid  with  chlorine.  Nor  is  it  absorbed,  like  chlorine,  by  hydrate  of 
lime  or  alkaline  solutions,  to  form  a  class  of  bleaching  salts.  Such  compounds  are 
wanting  in  the  scries  of  oxides  of  iodine,  which  is  limited  to  h}'poiodic,  iodic,  and 
periodic  acids.  Scmentini  imagined  that  he  had  formed  inferior  oxides  of  iodine, 
but  he  is  evidently  mistaken.  The  iodate  of  soda  combines  with  iodide  of  sodium 
in  several  proportions,  one  of  which  was  supposed  by  Mitscherlich,  when  he  discovered 
it,  to  be  an  iodite  of  soda;  but  that  this  is  a  double  salt  of  the  constitution  first 
mentioned  is  more  probable. 

A  few  grains  of  iodic  acid  may  easily  be  prepared  by  the  method  of  Mr.  Connel, 
which  consists  in  heating  the  most  concentrated  nitric  acid,  free  from  nitrous  vapour, 
upon  a  little  iodine,  in  a  wide  glass  tube,  and  allowing  the  liquid  to  cool ;  the  iodine 
is  oxidated  at  the  expense  of  the  nitric  acid,  and  the  greater  part  of  the  iodic  add 
is  deposited  in  crystals.  When  a  larger  quantity  is  required,  a  convenient  process 
is  to  form,  in  the  first  place,  an  iodate  of  soda,  as  suggested  by  Licbig.  An  ounce 
or  two  of  iodine  in  powder  may  be  suspended  in  a  pound  of  water,  with  occasional 
agitation,  and  a  stream  of  chlorine  be  passed  through  till  the  whole  iodine  is  dissolved. 
Carbonate  of  soda  is  then  added  to  the  liquid,  which  is  of  a  brown  colour  and  strongly 
acid,  till  it  becomes  slightly  alkaline,  when  a  large  precipitation  of  iodine  occurs^ 
which  may  be  separated  and  collected  on  a  filter.  This  iodine  may  bo  suspended  in 
water,  and  exposed  to  a  stream  of  chlorine  as  before. 

5C1  and  5II0  and  I=5HG1  and  IO5. 

The  filtered  solution  contains  ioilatc  of  soda  and  chloride  of  sodium,  with  a  trace 
of  carbonate,  which  may  be  neutraKzcd  by  hydrochloric  acid.  On  afterwards  adding 
chloride  of  barium  to  the  filtered  solution,  so  long  as  a  precipitate  is  produced,  the 
whole  iodic  acid  is  thrown  down  as  iodate  of  baryta,  which  may  be  collected  on  a 
filter  and  dried.     This  iodate  is  anhydrous,  and  may  bo  decomposed  completely,  by 
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boiling  9  partfi  of  it  for  half  an  hour  with  2  parts  of  oil  of  vitriol,  diluted  with  10 
or  12  parts  of  water.  The  liberated  iodic  acid  dissolves,  and  being  separated  from 
the  sulphate  of  baryta  by  filtration,  is  obtained  as  a  crystalline  mass  when  evaporated 
to  dryness  by  a  gentle  heat. 

This  acid  is  also  prepared  very  easily,  according  to  M.  Millon,  by  digesting  iodine 
in  a  mixture  of  nitric  acid  and  chlorate  of  potissa ;  the  proportions  recommended  aro 
4  of  iodine,  7.5  chlorate  of  potiissa,  10  of  nitric  acid,  and  40  of  water.  The  iodio 
acid  is  afterwards  precipitated  in  the  form  of  iodate  of  baryta,  as  in  the  preceding 
process,  the  iodate  of  baryta  then  decomposed  by  sulphuric  acid. 

Iodic  acid  crystallizes  from  a  strong  solution,  as  a  hydrate,  HO.IO5,  in  large  and 
transparent  crystals,  which  are  six-sided  tables.  This  acid  is  not  sublimed,  but  de- 
composed into  iodine  and  oxygen,  by  a  high  temperature,  without  any  formation  of 
periodic  acid.  Another  definite  hydrate  of  iodic  acid  was  obtained  by  M.  Millon, 
containing  only  one-third  of  an  equivalent  of  water,  by  maintaining  the  protohydrato 
at  a  temperature  of  266®  (130°  C.),  so  long  as  it  continued  to  lose  weight.  It  is 
also  formed  when  the  protohydrato  is  mixed  with  an  excess  of  anhydrous  alcohol. 
By  drying  either  of  these  hydrates  at  338°  (170°  C),  iodic  acid  is  obtained  entirely 
anhydrous  (IO5). 

Iodic  acia  is  very  soluble  in  water;  and  after  reddening,  bleaches  litmus  paper. 
It  oxidates  all  metals  with  which  it  has  been  tried,  except  gold  and  platinum.  It 
is  deoxidized  by  sulphurous  acid  and  hydrosulphuric  acid,  and  iodine  liberated,  but 
an  excess  of  sulphurous  acid  causes  the  iodine  again  to  disappear  as  hydriodio  acid^ 
water  being  decomposed  by  the  simultaneous  action  of  sulphurous  acid  and  iodine 
upon  its  elements.  Iodic  acid  is  easily  decomposed  by  heat,  disengaging  oxygen  and 
vapours  of  iodine.     It  is  soluble  in  water,  alcohol,  and  ether. 

iodates. — The  salts  of  iodic  acid  have  a  genenil  resemblance  to  chlorates ;  w^hen 
thrown  upon  burning  embers  they  enliven  the  combustion,  but  with  less  vivacity  than 
chlorates.  The  iodate  of  potassa  is  converted  by  heat  into  iodide  of  potassium  and 
oxygon;  bo  that  the  composition  of  iodic  acid  maybe  determined  from  that  of  iodate 
of  potassa,  in  the  same  manner  as  the  composition  of  chh)rio  acid  is  determined  from 
that  of  chlorate  of  potassa.  The  iodate  of  soda,  however,  loses  iodine  as  well  as 
oxygen,  when  heated,  and  a  yellow,  sparingly  soluble,  alkaline  matter  remains,  which 
Liebig  supposes  to  contain  the  salt  of  an  iodous  acid,  resolvable  into  an  iodate  and 
iodide  by  solution  in  water,  but  which  requires  further  investigation.  The  iodates 
of  metallic  protoxides,  with  the  exception  of  the  ])otnssa  family,  are  all  sparingly 
soluble  or  insoluble  salts.  The  iodate  of  lime  contains  water,  and  when  heated 
affords  no  iodide  of  calcium,  but  caustic  lime. 

Fixed  acids,  which  have  little  aflfinity  for  water,  such  as  iodic  acid,  appear  often 
to  combine  in  several  proportions  with  oxides  of  the  potassa  family.  The  ordinary 
biniodate  of  potaissa  contains  1  eq.  of  basic  water,  but  at  a  high  temperature  it  is 
made  anhydrous,  and  then  a  salt  remains  containing  2  eq.  of  acid  to  1  of  potassa. 
Mr.  Penny  has  crystallized  a  biniodate  and  teriodate  of  soda,  both  anhydrous. 

Iodic  acid  likewise  combines  with  other  acids.  These  compounds  generally  pre- 
cipitate in  a  crystalline  form,  when  another  acid  is  added  to  a  hot  and  concentrated 
Bolution  of  iodic  acid.  Compounds  of  sulphuric,  nitric,  phosphoric,  and  boracio 
acids,  with  iodic  acid,  have  been  formed.  It  has  been  observed  by  M.  Millon,  that 
vben  the  compound  with  sulphuric  acid  is  submitted  to  heat,  oxygen  is  evolved,  and 
a  hypoiodic  acid  or  peroxide  of  iodine  formed,  of  which  the  formula  is  IO4.  There 
is  formed  besides  in  this  decomposition,  according  to  M.  Millon,  a  peculiar  double 
acid,  which  may  be  considered  a  compound  of  iodous  and  hypo-iodic  acid,  having  for 
formula  4IO4+IO3.  When  vegetable  acids  arc  dissolved  in  iodic  acid,  they  are 
immediately  decomposed  by  it,  carbonic  acid  being  disengaged  with  effervescence,  and 
iodine  precipitated. 

Periodie  acid,  Htfperiodic  acid]  182.36  or  2279.5;  IOt-— This  acid,  which  was 
discovered  by  Magnus  and  Ammermuller,  is  formed  by  transmitting  a  current  of 
chlorine  through  a  solution  of  iodate  of  soda^  to  which  a  portion  of  carbonate  is 
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added;  and  the  whole  maintained  in  constant  ebullition.  On  allowing  tlie  aolation 
to  cool,  a  b&;jic  periodato  of  Boda  is  deposited  in  tufts  of  silky  ciystalB,  and  the 
chloride  of  sodium,  fonned  at  the  same  time,  retained  in  solution.  This  basic 
periodatc  of  soda,  which  is  almost  insoluble  in  cold  water,  is  dissolved  in  nitric  acid, 
and  nitrate  of  silver  added,  which  throws  down  a  basic  pcriodate  of  silver,  also  of 
sparing  solubility.  The  last  salt  may  be  washed,  and  afterwards  dissolved  in  boiline 
nitric  acid,  and  the  solution  on  cooling  yields  orange-yellow  crystals  of  neotnu 
periodate  of  silver.  It  is  remarkable  that  when  these  crystals  are  thrown  into  water 
they  are  decomposed,  the  whole  oxide  of  silver  precipitating  with  half  the  periodic 
acid,  as  the  former  basic  periodate,  while  half  of  the  acid  is  dissolved  by  the  water 
without  a  trace  of  silver,  and  obtained  in  a  state  of  purity.  This  solntion  when 
evaporated  affords  periodic  acid  in  crystals,  which  are  unalterable  in  the  ur,  and  of 
which  the  solution  in  water  is  not  changed  by  ebullition.  The  crystals  fuse  about 
266°  (130°  C.)  The  solution,  treated  with  hydrochloric  acid,  affords  chlorine  and 
iodic  acid,  water  being  formed.  Periodic  acid  is  resolved  into  oxygen  and  iodine  bj 
a  high  temperature. 

Periodates. — Besides  neutral  salts  of  this  acid,  subsalts  of  the  potassa  family 
exist  which  contain  two  of  base  to  one  of  acid.  The  sparing  solubility  of  the  basic 
salt  of  soda  is  the  most  remarkable  character  of  periodic  acid.  True  subsalts  of  the 
potassa  family  are  so  extremely  unusual,  that  it  is  more  probable  that  periodic  acid 
forms  a  second  and  bibasic  class  of  salts,  to  which  they  belong.  (Poggendorff*s 
Annalen,  xxviii.  514).  The  periodates  are  decomposed  by  heat  like  the  iodates,  bat 
yield  more  oxygen. 

Iodide  of  nitrogen. — Dry  iodine  and  ammonia  unite  directly,  and  form  a  brown 
liquid,  of  which  the  formula  is  3(HsN).l2.  But  when  digested  in  the  solution  of 
ammonia,  iodine  acts  upon  that  substance  as  chlorine  does,  and  forms  an  insoluble 
black  powder,  which  is  powerfully  detonating,  and  analogous  to  the  chloride  of 
nitrogen.  The  iodide  detonates  more  easily,  but  less  violently,  than  the  chloride, 
always  exploding  spontaneously  when  it  dries.  Another  process  is  to  mix  a  great 
excess  of  ammonia  with  a  saturated  solution  of  iodine  in  alcohol,  and  afterwaids  to 
add  water  so  long  as  iodide  of  nitrogen  precipitates.  The  filter  with  the  humid 
precipitate  should  be  divided  into  several  pieces,  otherwise  the  whole  may  explode 
at  once  upon  dr34ng.     [^See  Supplement,  p.  797.] 

Although  named  the  iodide  of  nitrogen,  this  substance  contains  hydrogen  as  i 
constituent,  according  to  the  observations  of  M.  Bineau,  and  may  be  represented  by 
IjHN ;  or  ammonia  in  which  2  cqs.  of  hydrogen  are  replaced  by  2  eqs.  of  iodine. 
The  same  substance  is  represented  by  Millon,  as  I,N  +  2H,N. 

When  caustic  soda  is  added  to  the  solution  of  iodine  in  alcohol  or  wood-spirit,  a 
yellow  substance  of  a  saffron  odour  precipitates,  which  was  supposed  at  one  time  to 
be  the  periodidc  of  carbon,  but  is  rciilly  iodojorm^  of  which  the  formula  is  Ctllli. 
No  true  iodide  of  carbon  is  known. 

Iodide  of  sulphur.  —  This  compound  is  formed  by  fusing  together  4  parts  rf 
iodine  and  one  of  sulphur.  It  has  a  radiated  crystalline  structure,  but  its  elements 
are  easily  disunited,  the  iodine  escaping  entirely  from  this  compound  when  it  is  lefk 
exposed  in  the  air. 

Iodides  of  pJiosphorus. — Iodine  appears  to  combine  with  phosphorus  in  sevenJ 
proportions,  when  they  are  brought  in  contact  and  slightly  heated.  In  all  these 
combinations  the  mass  becomes  hot  without  inflaming,  if  the  phosphorus  is  not  at 
the  same  time  in  contact  with  air.  One  part  of  phosphonis  with  6,  12,  and  20  parts 
of  iixline,  forms  fusible  solids,  which  may  be  sublimed  without  change,  but  which 
arc  decomposed  by  water,  all  of  them  yielding  hydriodic  acid,  and  the  lirst  affording, 
besides,  phosphorus  and  phosphorous  acid,  the  second  phosphorous  acid,  and  the 
ihii-d  phosphoric  acid.     [^Src  Sitpplevieuf,  p.  798.] 

Chlorides  of  iodine.  —  Chlorine  is  readily  absorbed  by  dry  iodine;  when  the 
latter  is  in  exiH>ss,  a  protochlorido,  ICl,  appears  to  be  formed;  and  when  the  chlo- 
rine is  in  excess,  a  tcrchlorido,  ICI3. 
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B^tzcliua  produced  the  protochloride  by  distilling  a  mixture  of  1  part  of  iodine 
with  4  parts  or  more  of  chh^rate  of  potassa.  There  is  formed  in  the  retort  a  mixture 
of  iodate  and  perchlorate  of  potassa,  at  the  same  time  that  oxygen  gas  is  disengaged, 
and  the  chloride  of  iodine  is  produced,  which  condenses  in  the  receiver.  This  com- 
pound is  a  yellow  or  reddish  liquid,  of  an  oily  consistence,  of  a  sharp  and  peculiar 
odimr,  and  taste  which  is  feebly  acid,  but  very  astringent  and  rough.  It  is  soluble 
in  wator  and  alcohol ;  and  ether  extracts  it  from  its  aqueous  solution  unaltered,  so 
that  it  is  not  decomposed  by  water. 

When  iodine  is  saturated  with  chlorine,  it  forms  a  compound  which  is  solid  and 
crystal iizable,  and  of  a  yellow  colour ;  fusible  by  heat,  but  which  cannot  bo  sublimed 
without  loss  of  chlorine.  It  fumes  in  air,  and  has  an  acrid  odour.  When  this  ter- 
chloride  of  iodine  is  dissolved  in  water,  and  the  solution  saturated  with  carbonate  of 
soda,  chloride  of  sodium  is  formed,  and  some  iodate  of  soda;  while  at  the  same  time 
a  large  (juantity  of  iodine  precipitates.  By  the  continued  action  of  chlorine  upon 
iodine  in  a  considerable  quantity  of  water,  the  liquid  becomes  at  last  entirely  colour- 
less, and  then  contains  nothing  but  hydrochloric  and  iodic  acids. 

Bromides  of  iodine. — Iodine  likewise  furms  two  bromides,  which  are  both  soluble 
in  water.     The  solution  bleaches  litmus  paper  without  first  reddening  it. 

SECTION   XIII. 

FLUORINE. 

Eq.  18.70  or  233.8;  F;  density  {hypothetical)  1292; 


This  elementary  body  is  most  frequently  found  in  the  mineral  kingdom  in  com- 
bination with  calcium,  as  fluoride  of  calcium,  which  constitutes  the  mineral  fluor- 
spar; it  exists  in  small  quantity  in  amphibole,  mica,  and  most  of  the  natural  phos- 
phates :  a  trace  of  it  also  occurs  in  the  enamel  of  the  teeth,  and  in  the  bones  of 
animals.  Of  all  bodies,  fluorine  appears  to  possess  the  most  powerful  and  general 
aflfinities,  and  to  be,  therefore,  the  moist  diflScult  to  isolate  and  preserve  for  the  study 
of  its  properties.  Indeed,  we  have  hitherto  learned  little  more  of  fluorine  than  tliat 
it  exists  and  may  be  isolated.  Several  of  its  compounds,  however,  arc  of  less  difficult 
preparation,  and  well  known.     [iSVc  Sitpplemcntj  p..  800.] 

Sir  H-  Davy  made  several  attempts  to  isolate  fluorine.  He  exposed  the  fluoride 
of  silver  in  a  glass  tube  to  gaseous  chlorine,  at  a  high  temperature,  and  found  that 
chloride  of  silver  was  produced,  and  fluorine  therefore  liberated ;  but  it  was  absorbed 
and  replaced  by  oxygen,  which  it  disengaged  from  the  silica  and  soda  of  the  glass. 
When  Davy  repeated  the  same  experiment  in  a  platinum  vessel,  the  metal  became 
covered  with  fluoride  of  platinum.  He  proposed  afterwards  to  construct  vessels  of 
fluor-spar  f  )r  the  reception  of  the  fluorine,  which  he  expected  to  disengage  from  the 
fluoride  of  phosphorus  by  burning  it  in  oxygen  gas;  but  he  does  not  appear  to  have 
carried  this  pr<»ject  into  execution.  The  Messrs.  Knox  and  M.  Louyet  have  an- 
nounced that  they  have  separated  fluorine  from  the  fluorides  of  silver  and  mercury, 
by  treating  these  bodies  with  chlorine  or  iodine  in  vessels  of  fluor-spar,  when  fluorine 
was  disengaged  in  the  form  of  a  colourless  gas.  Gold  and  platinum  did  not  appear 
to  be  acted  upon  by  fluorine,  except  when  it  was  in  the  nascent  state. 

No  compound  of  fluorine  and  oxygen  is  yet  known,  but  a  compound  of  fluorine 
and  hydrogen  is  easily  formed,  and  is  of  importance  from  its  applications. 

HYDROFLUORIC  ACID. 

Eq,  19.7  or  246.3;  HF. 

ScLwankhardt,  of  Nuremberg,  observed  in  1G70,  that  it  was  possible  to  etch  upon 
glass  by  means  of  fluor-spar  and  sulphuric  acid,  but  it  was  not  till  1771  that  Scheelo 
referred  this  action  to  a  particular  acid  which  sulphuric  acid  disengaged  from  fluor- 
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spar.  TVcnzcl  first  obtained  the  true  bjdrofluorio  tdd,  exempt  from  gilin,  by  pifr 
paring  it  in  proper  metallic  vcfisela ;  the  acid  collected  by  Scheele  being  the  fluonlieie, 
and  Dot  the  bydrofluorio.  The  preparatJon  and  properties  of  tbe  pure  acid  wen 
more  fully  studied  by  Gaj-Lussoc  and  Tb£nard  in  1810.  It  waa  Uien  linown  m 
fluoric  acid,  and  was  supposed,  according  to  the  doctrine  of  tbe  day,  to  contain 
oxygen.  The  idea  of  its  being  a  hydrogen  acid  waa  Gnt  auggestcd,  a  fcir  yean 
ofternarda,  by  !M.  Ampere,  whose  ticwb  in  theocetical  chemistiy  were  often  marked 
by  much  acutcness  and  originality.  The  view  of  Ampere  was  generally  aiaented  lo^ 
and  is  confirmed  by  the  isomorphism  of  tbe  fiuoridcs  with  the  chloridca,  bromide^ 
and  iodides,  observed  by  M.  Louyet, 

I'reparalian.  —  To  obtain  hydrofluoric  acid,  a  specimen  of  fluorspar  is  selected, 
free  from  eilieious  minerals  and  galena ;  this  is  reduced  to  an  impalpable  powder, 
■nd  diaUlIcd  in  a  retort  of  lead  (fig.  1G3),  by  a  gcntlo  heat,  sucb  as  that  of  an  oil- 
huth,  with  twice  its  weight  of  highly  concentrated 
Fio.  103,  g]i  pf  vitriol.     The  materials  become  vireid  and 

^J^j^L--.^  swell  considerably,  and  an  acid  vapour  distils  over, 

/a|^^*^*!^K^  which  is  even  more  acrid  and  suffocating  than  cblo- 

M^^  ^^\\      A    ^°^i  ""^  produces  severe  sores  if  allowed  to  con- 

^^^^  J        1    dense  upon  the  hands  of  the  operator.    This  vapour 

PsS  !]        I    is  received  in  a  bent  tube,  likewise  of  lead,  useJ  u 

^^M  J        I    »  receiver,  and  kept  cold  by  a  freezing  mixlurf,  ia 

^^  I        I    which  the  hydrofluoric  acid  condenses  without  the 

t  Ji  presence  of  water.  The  acid  thus  obtained  mav  ht 
^••m^  preserved  in  ves.sels  of  platinum  or  gold,  provided 
with  stoppers  of  the  same  metal  which  lit  accurately; 
or  in  vessels  of  lead  formed  without  tin  solder,  tin  being  rapidly  acted  upon  iy 
hydrofluoric  acid.  If  a  dilute  solution  of  this  acid  in  water  is  required,  the  extre- 
mity of  the  leaden  tube,  from  the  retort,  may  bo  allowed  to  touch  the  surface  of 
water  in  a  platinum  crucible  or  cipsule,  by  ivhich  the  acid  vapour  is  readily  con- 
densed;  and  the  dilute  acid  m.iy  be  prciscrved,  without  much  coutamiuaiion,  in  a 
glass  bottle  which  has  been  previoualy  heated,  and  coated  internally  with  mclled 

Pluor-spar,  which  is  employed  in  this  operation,  is  the  fluoride  of  taU-iura,  upon 
which  the  action  of  hydraled  sulphuric  acid  is  siuiilar  to  its  action  upon  chloride  d 
sodium,  when  hydrochloric  acid  is  produced.  ^Vuter  ia  decomposed,  by  the  hydmger 
and  oxygen  of  which  the  fluorine  and  calcium  are  converted  respectively  into  hydro 
fluoric  acid  and  lime,  the  former  coming  off  as  vajraur,  while  the  latter  remains  ii 
the  retort  as  sulphate  of  lime.     lu  symbols — 

CaF  and  I10.S0,=nF  and  CaO.SO,. 

Proprrlies. — The  acid  litjuld  obbined  by  the  preceding  process,  wbieb  baa  hitfaert 
been  eon.'idercil  as  the  anhydrous  acid,  is,  according  lo  51.  Ijouyct,  a  liydrale.  Dit 
tilled  with  anhydrous  phosphoric  acid,  it  loses  water,  and  gives  rise  to  a  colourlea 
gas,  fuming  in  air  like  hydrochlorie  acid,  which  is  tlio  true  anhydrous  liyJwiflnori 
tkcid.     M .  Louyot  finds  this  gaseous  acid  to  have  no  sensible  action  upon  dry  glass. 

The  fiirmer  product  Ls  a  cilourleas,  fuming,  and  very  volatile  litjuid,  boiling  dc 
much  nli'ive  CO" ;  and  which  dues  not  freeze  at  4°.  Its  sp.  gr.,  which  ia  LOfitK*,  i 
increased  to  1.25  by  the  addition  of  a.  certain  (jiianlity  of  water,  fur  which  it  has  a 
intense  affinity.  Hydrofluoric,  like  hydrochlorie  acid,  dissolves  tlic  more  oxidaU 
metiils  with  the  evolution  of  hydrogen  gas.  iMixed  with  nitric  acid,  it  disaolvt 
ignited  silicon  and  titanium,  with  discngngi!ment  of  nitric  oxide;  but  that  ad 
mixture  bos  no  action  upon  the  nobler  nietaL»,sucb  as  gold  and  pUtinum,  which  u 
dissolved  by  afjua  regis.  Several  insoluble  acid  bodiea,  which  are  not  acted  on  b 
sulphuric,  nitric,  or  hydrochloric  acid,  are  dissolved  with  facility  by  hydroflner 
«cid;  such  as  silica,  titanic,  tanLilic,  molyblic  and  tungstic  acida.  Water  is  tht 
formed  from  the  oxygen  of  these  acida  and  the  hydrogen  of  hydrofluoric  acid,  a 
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flaoridcs  of  silicon  or  of  tho  metals  of  the  acids  enumerated  are  likewise  produced ; 
which  fluorides  appear  to  combine  with  undccomposed  hydrofluoric  acid,  when  water 
is  present.  This  acid  destroys  glass  by  acting  upon  its  silica.  If  a  drop  of  the 
oonccntratcd  acid  be  allowed  to  fall  upon  a  glass  plate,  it  becomes  hot,  enters  into 
ebullition  and  volatilizes  in  a  thick  smoke,  leaving  the  spot  with  which  it  was  in 
contact  deeply  corroded,  and  covered  by  a  white  powder  composed  of  the  elements 
of  the  gla.ss,  excepting  a  portion  of  the  silica,  which  has  passed  ofi"  as  gaseous  fluo- 
ride of  silicon. 

The  diluted  solution,  or  the  vapour  of  hydrofluoric  acid,  is  sometimes  used  to 
etch  upon  glass.  The  purity  of  the  acid  being  of  little  moment  in  this  application 
of  it,  the  sulphuric  acid  and  fluor-spar  may  be  mixed  in  a  stone-ware  evaporating 
basin.  The  glass  is  warmed  sufliciently  to  melt  becs'-wax  rubbed  upon  it,  and 
thereby  covered  with  a  coating  of  that  substance,  which  is  afterwards  removed  from 
the  parts  to  be  etched,  by  a  pointed  rod  of  lead  or  tin,  employed  as  a  graver.  A 
gentle  heat  being  applied  to  the  basin,  acid  fumes  are  evolved,  to  which  the  etched 
surface  of  the  glass  is  exposed  for  a  minute  or  two,  care  being  taken  not  to  melt  the 
wax.  The  wax  is  afterwards  removed  by  warming  the  glass,  and  wiping  it  with  tow 
and  a  little  oil  of  turpentine,  when  the  exposed  lines  are  found  engraved  to  a  depth 
proportional  to  the  time  they  have  been  exposed  to  the  acid  fumes.  But  in  taking 
impressions  upon  paper  from  glass  plates  engraved  in  this  way,  as  from  a  copper- 
plate, they  are  too  apt  to  be  broken  from  the  pressure  applied  in  printing. 

To  discover  the  minute  quantity  of  hydrofluoric  acid  which  exists  in  many  mine- 
rals, Berzelius  recommends  that  the  substance  to  be  examined  be  reduced  to  fine 
powder  and  mixed  with  concentrated  sulphuric  acid,  in  a  platinum  crucible  covered 
by  a  small  plate  of  glass,  waxed  and  engraved  as  described.  The  crucible  is  then 
ex[*osed  to  a  gentle  heat,  insufficient  to  melt  the  wax,  and,  in  half  an  hour,  the  glass 
plate  may  be  removed  and  cleaned.  If  the  mineral  submitted  to  the  test  contains 
fluorine,  tho  design  will  be  perceived  upon  the  glass;  when  the  quantity  of  fluorine, 
however,  is  very  small,  the  engraving  docs  not  appear  immediately,  but  becomes 
visible  on  pu.ssiug  the  breath  over  the  glass.  The  presence  of  silica  in  the  mineral 
interferes  with  this  operation,  but  an  indication  may  then  be  obtained  by  heating  a 
fragment  of  the  mineral  to  redness  upon  a  piece  of  platinum  ftjil  slipped  into  a  glass 
tube,  8  or  10  inches  in  length,  and  open  at  both  ends.  The  tube  is  held  obliquely 
with  the  mineral  near  the  lower  end,  and  so  that  part  of  the  vapour  from  tho  flame 
passes  up  the  tube.  Tho  moisture  thus  introduced  carries  away  the  gaseous  fluoride 
of  silicon,  and  condenses  in  drops  in  the  upper  part  of  the  tube.  These  drops,  when 
afterwards  evaponited,  in  drying  the  tube,  leave  a  white  spot,  which  consists  of  silicai 
resulting  from  the  decomposition  of  the  fluoride  of  silicon  by  the  water  with  which  it 
condensed.     (Berzelius). 

Fluoride  of  borotij  finohoric  acid;  67*0  or  837*5;  BF3.  —  This  compound  is 
gaseoujt,  and  is  obtained  when  dry  boracic  acid  is  brought  in  contact  with  concen- 
tnted  hydrofluoric  acid;  when  boracic  acid  is  ignited  with  fluor  spar;  and  most 
conveniently  by  heating  together  in  a  glass  retort,  1  part  of  vitrified  boracic  acid  in 
fine  powder,  2  of  fluor  spar,  and  12  of  concentrated  sulphuric  acid,  although  this 
process  does  not  give  it  free  from  fluosilicic  acid.  The  reaction  by  which  the  fluo- 
boric  acid  is  then  produced  may  bo  thus  expressed : — 

3CaF  and  BO,  and  3(nO.S03)  =  3(CaO.S03)  and  3II0  and  BF,. 

Flaoboric  acid  gas  has  no  action  upon  glass,  and  may  be  collected  in  glass  vessels 
over  mercury.  •  It  is  colourless,  but  pro<luces  thick  fumes  when  allowed  to  escape 
into  the  atmosphere.  Its  density,  according  to  Br.  J.  Bavy,  is  2371,  and  2312 
according  to  Bumas,  who  finds  I  volume  of  this  gas  to  contain  1  \  vol.  of  fluorine. 
Fluoboric  gats  is  not  decomposed  by  iron  and  the  ordinary  metals,  even  at  a  bright 
red  heat,  but  on  the  contrary,  potassium,  with  the  metals  of  the  alkalies  and  alka- 
line earths,  decomposes  it  at  a  red  heat ;  boron  is  liberated  by  potassium,  and  a 
double  fluoride  of  boron  and  potassium  also  formed.     Water  absorbs  fluoborio  acid 
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gas  with  the  greatest  e.viditj,  taking  up,  according  to  J.  Dftvj,  TOO  times  its  Tolnne, 
irhicli  inorcoiieB  its  bulk  cousidcrably,  and  raises  ila  density  to  1.77.  SulplinriE  arid 
cin  dixsulve  50  times  its  volume  of  the  fluoride  of  boron.  The  moat  ready  mnic  of 
preparing  tlio  aqucoua  solution  of  this  acid  is  to  dissoiro  crystalliied  boradc  acid  in 
hydrofluoric  acid.  The  acid  is  extremely  caustic  and  corrosive,  cbarring  and  destroy- 
ing  wood  nod  organio  miittcrfl,  when  concentrated,  like  sulphurie  odd,  probably  froa 
its  avidity  fur  niuisture. 

A  dilute  soluliou  of  fluoride  of  boron  undergoes  spontaneous  decomposition,  »■ 
cording  to  Uurzeliua,  depositing  one-fourtli  of  it3  boron  in  the  form  of  borjcic  wid, 
Trbich  crystallizes  at  aJuw  temperature )  vrbilc  a  compound  of  hydrufluorie  acid  and 
fluoride  of  boron  remains  iu  solution,  wliich  he  termed  hydrnjiiuhorie  acid.  Tbi 
fluoride  of  boron  bos  a  great  disposition  to  form  double  fluorides,  and  acts  upon  buie 
metallic  oxides  like  the  fullovriug  compound. 

Fluoridi  of  silicnn,  fiumilicic   arid ;   77.45  ar 
Fw.  164.  9fi8.12  ;   Si  1-',.— This  gag  is  olitained  in  the  fulluw- 

ing  manner: — Ecjual  parts  of  fluor  spar  and  broke! 
ghiss  or  quarlzy  sand,  in  flnc  powder,  are  mixed  in 
a  gloss  flask  a  (fig.  l&i),  to  be  used  as  a  retort,  nilh 
six  parts  of  coucentroled  sulphuric  acid,  and  stirrrd 
well  together.  A  disengagement  of  gas  iiuuiediatclj 
takes  place,  and  the  lunss  swells  up  consideTsbly. 
After  a  time,  a  gentle  heat  is  required  to  aid  the 
operation.  Fluosilieic  gas  is  collected  over  mcieury. 
In  its  physical  characters  it  resembles  fluotwtic  eu. 
It  is  colourless  and  fumes  in  air;  it  uxtinguisht* 
bodies  in  eombustion,  and  does  not  attack  gini.'.  Its 
density  is  3i>74  according  to  J.  Davy,  and  SOtK)  «■ 
cording  to  Dumas;  it  coutuins  twice  its  vulunieuf 
fluorine. 
In  transmitting  this  gas  into  water,  the  tube  must  not  dip  in  the  fluid,  for  it  woold 
speedily  be  choked  by  the  dL'posiiiim  of  silica  produced  by  the  action  of  water  upa 
tiie  gaa.  In  the  arrangement  figured,  the  extremity  of  I'ho  exit  tube  i;*  covered  bj 
a  small  column  of  mercury  m,  in  the  bwer  part  of  the  jar,  through  which  the  pi 
passes  before  it  readies  the  water  \o.  Every  bubble  of  gas  exhibits  a  remarkablt 
phenomenon,  as  it  enters  the  water,  becoming  invested  with  a  white  bag  of  silic^ 
which  rises  to  the  surfuci;.  It  often  happenti,  in  the  course  of  the  operation,  ihil 
the  gas  forms  tuho^  of  silica  in  the  water,  through  which  it  gains  the  surface  with- 
ont  decomposition,  if  they  are  not  broken  from  time  to  time.  AVbcn  water  iseoi» 
pictely  saturated  with  the  fluoride  of  silicon,  it  has  taken  up  about  once  and  ■  hiU 
Its  weight,  and  is  a  gelatinous,  semi-transparent  mass,  which  fumes  in  [he  air.  TIm 
liquid  contains  two  equivalents  of  water  to  one  of  the  original  fluoride  of  siliem: 
but  onc-tbird  of  the  fluoride  has  been  decomposed  by  the  water  and  eonvcrled  ink 
hydruBuoriu  acid  and  silica.  The  hydrofluoric  acid  and  fluoride  of  siliena,  in  solo- 
tion,  were  supposed  to  be  in  combination  by  Bcrzeliu.",  forming  3IJF+  SSiF,,  whid 
was  termed  by  him  kf/drtifiuosOieic  acid.  When  this  liquid  is  placed  in  a  nodt 
rately  warm  situaiion,  the  whole  of  it  gradually  evaporates;  tho  free  bydrofluoiii 
acid  reacting  upon  the  deposited  silica,  with  formation  of  water,  and  fluoride  of  nli 
con  being  revived. 

The  most  remarkable  property  of  the  fluoride  of  silicon  is  to  produce,  with  Denti* 
salts  of  potassa,  soda  and  iithia,  precipitates  which  are  gelatinous,  and  so  tran*pu«r 
M  to  be  scarcely  visible  at  first  in  the  liquid ;  and  with  salts  of  Iraryta,  a  white  «K 
crystalline  precipitate,  which  appears  in  a  few  seconds.  It  is  often  cmptovrd  h 
decompose  a  salt  of  potassa,  for  the  purpose  of  isolating  its  acid-  It  also  serret  fr 
distinguish  salts  of  baryta  from  salts  of  strontia ;  the  salts  of  bar}-ta  pniducing  vill 
tbb  acid  a  salt  scarcely  soluble  iu  water,  while  tho  salta  of  stroutiu  v«  nut  pn 
eipitatcd. 


METALLIC  ELEMENTS. 


363 


Almost  all  the  basic  metallic  oxides  decompose  this  acid,  when  thej  are  employed 
in  excess,  separating  silica,  and  giving  rise  to  mctallio  fluorides.  When,  on  the 
other  hand,  no  more  of  the  base  is  applied  than  the  quantity  required  to  neutralize 
the  free  hydrofluoric  acid,  combinations  are  obtained  with  all  bases,  which  are  ana- 
logous to  double  salts ;  consistiug  of  a  metallic  fluoride  combined  with  fluoride  of 
silicon,  the  proportion  of  the  latter  containing  twice  as  much  fluorine  as  the  former. 
The  formula  of  one  of  these  compounds,  the  double  fluoride  of  silicon  and  potassium, 
13  2SiF,  +  3KF;  and  those  of  other  metals  are  similar.  The  ratio  of  2  to  3,  in  the 
equivalents  of  the  two  fluorides  which  form  these  double  salts,  is  unusual.  But  the 
double  fluorides  in  question  may  be  represented  by  single  equivalents  of  fluoride  of 
BilicoQ  and  metallic  fluoride,  as  was  suggested  by  Dr.  Clark,  by  adopting  the  low 
equivalent  of  silicon  12.6,  when  silica  is  made  to  consist  of  1  equivalent  of  silicon 
and  2  equivalents  of  oxygen^  and  the  fluoride  of  silicon  of  1  equivalent  of  silicon 
and  2  equivalents  of  fluorine. 
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GENERAL   OBSERVATIONS. 

TiiE  metallic  class  of  elements  is  considerably  more  numerous  than  the  non- 
metallic  class,  embracing  forty-eight  elementary  bodies.  Of  these  seven  only  were 
known  to  the  ancients,  and  of  the  remainder,  a  large  proportion  are  of  recent  dis- 
covery. Their  names  and  their  densities,  when  accurately  determined,  with  the 
dates  and  authors  of  their  discovery,  are  contained  in  the  following  table^  compiled 
chiefly  from  the  work  of  Dr.  Turner : — 

Table  of  Metals, 


Name. 


DcDsity. 


Gold 

Silver 

Iron 

Copper 

Mercury 

Lead 

Tin 

Antimony .... 

Bismuth 

Zinc 

Arsenic 

Cobalt 

Platinum 

Nickel I 

Manganese ...' 

Tttogaten | 

Tellurium i 

Molybdenum . 

Uranium 

Titanium 

Chromium.... 
Tantalum 


19-257 
10-474, 
7-778, 
8-805, 
13-500, 
11-352, 
7-201, 
C-702, 
9-822, 
6-801 
6-884, 
8-538, 
20-836 
8-279, 
7-500 
17-6, 
6*1 15, 
7-400, 
9000, 
6-8, 
6-9, ... 


15ri88on,  to  10-301 1 

ditto 

ditto 

Hiitchett 

at  320  Regnault.. 

Brisson 

ditto 

ditto 

ditto 

to  7-1,  ditto 

Tumor \ 

IlaUy ( 

Urissou,  to  22  009.. 
Richter 


D'Elhuyart 
Klaproth ... 

llielm 

Bncholz 

Wollaston... 


Dates  and  Authors  of  the  Disooverj. 


Known  to  the  Ancients. 


1400,  described  by  Basil  Valentine. 

1530,  described  by  Agricola. 

10th  century,  first  mentioned  by  Paracelsus. 

1733,  Brandt 

1741,  Wood,  as^ay-master,  Jamaica. 

1751,  Cronstedt. 

1774,  Gahn  and  Scheele. 

1781,  D'Klhuyart 

1782,  MUiler. 
1782,  Ilielm. 
1780,  Klaproth. 
1791,  Oregor. 
1707,  Vauquelfn. 
1802,  Hatchett 
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Table  of  Metals — continoed. 


Name. 


Palladium  .. 
Rhodium .... 

Iridium 

Osmium 

Cerium 

Potassium... 

Sodium 

Barium 

Strontium... 

Calcium , 

Cadmium..., 

Lithium 

Zirconium... 
Aluminum . 
Glucinum  .. 

Yttrium 

Thorium.... 
Magnesium 
Vanadium .. 
Lantanum.. 
Didymium.. 

Erbium 

Terbium.... 
Ruthenium 
Pelopium... 
Niobium.... 


Density. 


11-8  to  11-8,  WoUoston... 

10-649 

18-C80,  [21-8,  Hare] 

100 


} 


0-865  \  Gay  Lussac  and 
0-972/     Th6nard 


8-604,  Stromeyer 


} 


Dates  and  Authors  of  the  DiacoTeij. 


1 


} 


s 


1803,  WoUaston. 

1803,  Descotils  and  Smithson  Tennant 

1803,  Smithson  Tennant 

1804,  Hisinger  and  Berzelios. 

1807,  Davy. 


1818,  Stromeyer. 
1818,  Arfwedson. 
1824,  Bcrzelius. 

1828,  Wohler. 

1829,  Benelius. 

1829,  Bussy. 

1830,  Sefstrom. 
1889,  Mosander. 

Since  1840,  Mosander. 

1844,  Klaus. 

1845,  H.  Rose. 


Of  the  physical  properties  of  metals  and  their  combinations  with  each  other,  the 
most  characteristic  is  their  lustre  and  power  to  reflect  much  of  the  light  which  falli 
upon  them,  —  a  property  exhibited  in  a  high  degree  by  burnished  steel,  specolon 
metal,  and  the  reflecting  surface  of  mercury  in  glass  mirrors.  Metals  are  also  n 
markable  for  their  opacity,  although  they  have  a  certain  degree  of  transparency  if 
a  highly  attenuated  state,  as  fine  gold-leaf  allows  light  of  a  green  colour  to  pu 
through  it.  They  are  peculiarly  the  conductors  of  electricity,  and  also  the  best  con 
ductors  of  heat.  The  most  dense  substances  in  nature  are  found  among  the  metals 
— gold,  for  instance,  being  upwards  of  nineteen,  and  laminated  platinum  twenty-tw» 
times  heavier  than  an  equal  bulk  of  water.  But  some  of  the  metals,  notwithstondioi 
arc  very  light,  potassium  and  sodium  floating  upon  the  surface  of  water. 

Certain  metals  possess  a  valuable  property,  malleability ^  dei)ending  upon  a  hid 
tenacity  with  a  certain  degree  of  softness;  particularly  gold,  silver,  copper,  tu 
platinum;  palladium,  cadmium,  lead,  zinc,  iron,  nickel,  potassium,  sodium,  and  Bd& 
mercury.  These  metals  may  all  bo  hammered  out  into  plates,  or  even  into  thi 
leaves.  In  zinc  this  property  is  found  in  the  highest  degree  between  300°  aa 
400^,  and  in  iron  at  a  degree  of  temperature  exceeding  a  red  heat.  The  mM 
metals  arc  likewise  ductile,  or  may  be  drawn  into  wires,  although  the  ductility  o 
dificrcnt  metals  is  not  always  proportional  to  their  malleability,  iron  being  hisU 
ductile,  although  it  cannot  be  beaten  into  very  thin  leaves.  By  a  peculiar  mctotf 
Dr.  WoUaston  formed  gold  wire  so  small  that  it  was  only  l-5000tb  of  an  inchi 
diameter,  and  550  feet  of  it  were  required  to  weigh  one  grain.  He  also  obtuned 
wire  of  platinum  not  more  than  l-30,000th  of  an  inch  in  diameter,  (PhiL  Tni 
1813.)  The  tenacity  of  difi*erent  metals  is  determined  by  ascertaining  the  vd^ 
required  to  break  wires  of  them  having  the  same  diameter.  Iron  appears  to  posK 
that  property  in  the  greatest,  and  lead  in  the  least  degree.  It  has  been  ofatervi 
by  M.  Baudrimont  that  the  tenacity  of  wires  of  iron,  copper,  and  brass,  is  miu 
injured  by  annealing  them,  (Annal.  dc  Chim.  ct  de  Phys.  Ix.  78.)     A  few  of  d 
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»able  metals  c^n  be  welded,  or  portions  of  them  joined  into  one  by  hammering 
.  together.  Pieces  of  iron  or  platinum  may  be  united  in  this  manner  at  a  bright 
leat,  and  fragments  of  potassium  may  be  made  to  adhere  by  pressing  them  to- 
;r  with  the  hand  at  the  temperature  of  the  air.  Many  metals  are  only  malleable 
low  degree,  and  some  are  actually  brittle,  —  such  as  bismuth,  antimony,  and 
lie. 

le  metals,  with  the  exception  of  mercury,  are  all  solid  at  the  temperature  of  the 
)ut  they  may  be  liquefied  by  heat.  Their  points  of  fusion  are  very  different, 
ill  appear  from  the  following  tabic : 

Table  of  the  Fusibility  of  different  Metals, 

Fahr.  Different  CHEsasTS. 

'  Mercury — 39«» 

sod!ur!".;.\\\\7.;::;;::.7..'.v*.;;  190 }  Qay-^ussac  and  ih^nard. 

Tin 442 

Bismuth 497 

Lead C12 

Tellurium  —  rather  less  fu- 
sible than  lead 

Arsenic  —  undetermined. 

Zinc 773 

Antimony  —  a  little  below  a 
red  heat. 

Cadmium 442 


ible  below  a 
red  heat. 


>  Crichton. 

Elaproth. 
Danicll. 


sibXe  below  a 
red  heat. 


2016   J 


Strcmeyer. 

SiWer 1873o 

Copper 1996    J-DaniolL 

Gold 

Cobalt  —  rather  less  fusible 
than  iron. 

Iron,  cast 2786      DanicU. 

Iron,  malleable ^   Requiring  the  highest  heat  of  a  smith's 

Manganese j        forge. 

Nickel  —  nearly  the  same  as  cobalt. 

Palladium. 

Molybdenum  "j  Almost  infusible,  and  not  t )  be  ^  Fusible    before    the 

Uranium I     procured  in  buttons  by  the  l     oxi-hydrogen  blow- 


Tungsten  }      heat  of  a  smith's  forge.  J 

Chromium ... 

Titanium 

Cerium 

Osmium 

Iridium  

Rhodium 

Platinum 

.Columbium.. 


pipe. 


Infusible  in  the  heat  of  a  smith's  forge,  but  fusible  be- 
fore the  oxi-hydrogen  blow-pipe. 


he  metallic  elements  are,  in  general,  highly  fixed  substances,  although  it  is  pro- 
e  that  all  of  them  may  be  dissipatod  at  the  highest  temperatures.  The  following 
lis  are  so  volatile  as  to  be  occasionally  distilled, — cadmium,  mercury,  arsenic, 
irium,  sodium,  potassium,  and  zinc. 

Jl  the  metals  are  capable  of  uniting  with  oxygen,  but  they  differ  ereatly  from 
I  other  in  their  affinity  for  that  element.  The  greater  number  of  them  absorb 
^Q  from  dry  air  at  the  usual  temperature,  and  undergo  oxidation,  which  is  only 
it  and  superficial  in  many,  when  they  are  in  mass,  but  may  be  complete  and 
ect  in  the  same  metals,  when  they  are  highly  divided,  and  in  a  fiivourable  state 
ombinatioD,  as  in  the  lead  and  iron  pyrophorus  exposed  to  air.  The  same  metals 
[bit,  at  a  high  temperature,  a  more  intense  affinity  for  oxygen,  and  combine  with 
phenomena  of  combustion. 
'he  metals  have  been  arranged  in  six  groups  or  sections,  differing  in  their  degrees 
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of  oxidability :  1.  Metals  which  decompose  water  oven  at  32®,  with  Ii?elj « 
cenco — ^namcljy  potassium,  sodium,  lithium,  barium,  strontium,  calcium.  2, 
which  do  not  decompose  water  at  32^,  like  the  metals  of  the  preceding  claa 
do  not  decompose  it  with  a  lively  effervescence,  except  at  a  temperature  appi 
212°,  or  even  higher,  but  always  much  below  a  red  heat.  In  this  class  ai 
magnesium,  glucinum,  aluminum,  zirconium,  thorium,  yttrium,  cerium,  and 
nese.  3.  Metals  which  do  not  decompose  water  except  at  a  red  heat.,  o 
ordinary  temperature  with  the  presence  of  strong  acids.  This  section  corap 
iron,  nickel,  cobalt,  zinc,  cadmium,  tin,  chromium,  and  probably  vanadium 
is  rapidly  corroded  in  water  containing  carbonic  acid,  with  the  evolution  of  hj 
4.  Metals  which  decompose  the  vapour  of  water  at  a  red  heat  with  cons 
energy,  but  which  do  not  decompose  water  in  presence  of  the  strong  acids, 
are  tungsten,  molybdenum,  osmium,  tantalum,  titanium,  antimon}*,  and  u 
These  metals  appear  to  be  incapable  of  decomposing  water  in  contact  with  m 
cause  their  oxides  have  but  a  small  basic  power,  being,  indeed,  bodios  wl 
ranked  among  the  acids.  5.  Metals  of  which  the  oxides  arc  not  decomposed 
alone,  and  which  decompose  water  only  in  a  feeble  manner  and  at  a  very  hi 
peraturc.  They  are  also  distinguished  from  the  preceding  class  by  their  t 
to  form  basic  and  not  acid  oxides.  These  metals  are  copper,  lead,  and  bir?mi 
Metals  of  which  the  oxides  are  reducible  by  heat  alone  at  a  temperature  mor 
elevated :  these  metals  do  not  decompose  water  in  any  circiim.stanees.  1 
mercury,  silver,  palladium,  platinum,  gold,  and  probably  rhodium  and 
(Regnault,  Annal.  de  Chini.  et  de  Phys.  Ixii.  368.)  It  is  to  be  remarked  o 
all  the  metals  which  decompose  the  vapour  of  water,  and  consequently  sepa 
drogcn  from  oxygen  at  a  ccrt^ain  temperature,  that  their  oxides  arc  reduced,  i 
standing,  with  great  facility  by  hydrogen  gas,  and  within  the  same  limits  of 
rature.  This  anomalous  result  has  already  been  adverted  to  in  regard 
(page  181). 

Of  the  non-metallic  elements,  hydrogen  only  forms  an  oxide  capable  of  ui 
a  base  with  acids.  It  is  a  general  character  of  the  metals,  on  the  contrary, 
such  oxides,  if  tellurium  be  excepted,  which  is  mure  analogous  in  its  chemi 
perties  to  sulphur  than  to  the  metals.  Hence,  as  the  former  class  arc  pri 
salt-radicals,  the  latter  are  principally  basyls. 

The  protoxides  of  metals  are  uniformly  and  strongly  basic,  but  this  feature 
less  distinct  in  their  superior  oxides,  and  passes  into  the  acid  character  in  I 
degrees  of  oxidation  of  which  some  metals  are  susceptible.  Thus,  of  mangsx 
protoxide  is  a  strong  base ;  the  scsquioxidc  basic,  but  in  a  less  degree  than 
toxide ;  the  binoxide  indifTorent ;  and  the  still  higher  oxides  are  the  mang[ 
permanganic  acids,  which  are  respectively  isomorphous  with  sulphuric  and  pc 
acids.  A  few  metals  which  have  no  protoxides,  such  as  arsenic  and  antim* 
most  remarkable  for  the  acids  they  form  with  oxygen,  and  thus  more  rem 
their  chemical  history  the  elements  of  the  non-metallic  class.  It  is,  indeed 
sible  to  draw  an  exact  lino  of  demarcation  between  the  two  classes  of  d 
either  with  reference  to  their  physical  or  chemical  properties. 

Besides  combining  with  oxygen,  metals  combine  with  sulphur,  chlorine,  a 
other  salt-radicals,  whether  simple  or  compound ;  and  hence  sulphides,  d 
and  numerous  other  scries  (»f  metallic  compounds.  Of  these  scries  the  8 
most  resemble  the  corresponding  oxides  of  the  same  metals ',  the  chlorides  ai 
series  partake  more  strongly  of  the  saline  character.  Each  metal,  or  class  ct 
effects  combination  with  oxygen  in  certain  proportions,  and  combines  also  i 
phur,  chlorine,  &c.  in  the  same  projxirtions.  Hence,  given  the  formuls 
oxides  of  a  metal,  the  formulad  of  its  sulphides,  chlorides,  &c.  may  genfrallj 
dicated,  as  they  correspond  with  the  former.  Thus  the  oxides  of  iron  bd 
and  FcjO,,  the  sulphides  are  FeS  and  Fe^Sa,  and  the  chlorides  FoCI  and 
the  oxides  of  arsenic,  or  arsenious  and  arsenic  acids,  being  AsO^  and  AaOn 
phidea  of  that  metal  are  AsS,  and  AsSa,  and  the  chlorides  AsCla  and  AaCI 


GENERAL  OBSERVATIONS.  367 

iometimcs  a  metal  unites  with  sulphur  in  more  ratios  than  with  oxygen;  both  iron 
and  ansenio,  fur  example,  possessing  each  a  sulphide  to  wliich  tlicy  have  no  corre- 
8p*»nding  oxide,  namely,  iron  pyrites  and  realgar,  of  which  the  formula}  are  F0S2  and 
AbSj.  The  potassium  family  of  metals  combine  also  with  three  and  live  c({uivalcnts 
of  sulphur,  without  all  uniting  with  oxygen  in  such  high  proportions.  Again,  ecr^ 
tain  metals  of  the  magnesian  and  its  allied  families,  such  as  manganese  and  chro- 
mium, form  acid  compounds  with  oxygen,  to  which  no  corresponding  sulphides  exist, 
.{lueh  as  manganic  and  chromic  acids,  ^InOs  ^^^  CrOg.  But  the  circumstance  that 
these  acids  are  isomorphous  with  sulphuric  acid,  and  the  metals  they  contdn  isomor- 
phous  with  sulphur,  appears  to  be  a  sufficient  reason  why  there  should  not  be  similar 
sulphur  acids.  The  cldorides  of  a  metal  generally  correspond  in  number,  as  they 
always  do  in  composition,  with  the  oxides;  in  some  cases  they  are  less  numerous; 
but  never,  I  believe,  more  numerous  than  the  oxides  of  the  same  metal. 

Combination  takes  place  within  a  series;  that  is,  oxides  combine  with  oxides, 
sulphides  with  sulphides.  Those  members  of  the  s:imc  series  which  differ  greatly 
ill  chemical  characters  being  most  disposed  to  combine  together,  —  as  oxygen  acids 
vith  oxygen  bases,  sulphur  acids  with  sulphur  bases.  Chlorides  also  combine  with 
cbl'»ridcs,  to  form  double  chlorides,  and  iodides  with  iodides. 

Compounds  belonging  to  different  scries,  on  the  contrary,  do  not  in  general  com- 
bine tngether,  but  often  mutually  decompose  each  other  wl»cn  brought  into  contact. 
Tbu.^  hydrociiloric  acid  and  potassa  do  not  unite,  one  belonging  to  the  chlorine  and 
the  other  to  the  oxygen  series,  but  form  water  and  chloride  of  potassium,  by  mutual 
decomposition,  as  explained  in  the  following  diagram :  — 

Before  dccompositioD.  After  decomposition. 

TT   1     II-       'if  Ilydrocen -p-  Water 

Hydrochloric  acid  |  p^^j^^^>^ 


Potncsa  J  Oxygen 

^*^"*^ {Potassium -^  Chloride  of  potassium. 

In  the  same  manner,  sesqui-oxide  of  iron,  when  dissolved  in  hydrochloric  acid^ 
produces  water  and  a  perchlorido  of  iron  corresponding  with  the  peroxide :  — 

31IC1  and  FeA=3nO  and  Fe^Cls. 

And  in  all  eases  when  a  metallic  oxide  dissolves  in  hydrochloric  acid,  without 
evolution  of  chlorine,  the  chloride  produced  necessarily  corresponds  with  the  oxide 
dissrilvod.  Again,  orpiraent,  or  sulph-arsenious  acid,  does  not  combine  with  potassa, 
when  dissolved  in  that  alkaline  oxide,  the  first  being  a  sulphur  and  the  second  an 
oxygen  compound,  but  gives  rise  to  the  formation  of  certain  proportions  of  arscnioufl 
mcid  and  sulphide  of  potassium :  — 

Before  dccorapositioD.  After  decomposition. 

o,,  .  -J    (Arsenic ,  Arsenious  acid 

Sulpbarsenious  acid  <<  o  ri  1  1 
^  (3  bulphi 


tur... 


3  Potawa. I  ^  OxygeT,... , 

(  3  Potassium  • 


3  Sulphide  of  potassium. 


Two  pairs  of  compounds  of  different  series,  then,  co-exist  in  tho  liquid,  —  an 
ozjgcn  acid,  arsenious  acid,  which  unites  with  the  oxygen  base,  potassa,  and  a  sulphur 
base,  sulphide  of  pot^sium,  which  unites  with  undecomposed  sulpbarsenious  acid. 
Hence  the  result  of  dissolving  orpiment  in  potassa  is  the  decomposition  of  both  com- 
pooDds  and  formation  of  two  salts  of  different  series,  arseuite  of  potassa  and  sulph- 
■nenito  of  sulphide  of  potassium. 

The  union  of  metallic  compounds  of  the  oxygen  and  sulphur  scries  is  a  raro  occur- 
fence.  But  tbo  red  ore  of  antimony  is  such  a  combination,  and  oxisulphides  of 
mcrunry  also  exist.     Compounds  of  metallic  oxides  with  metallic  chlorides,  and  with 
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other  highly  saline  binar}'  compounds,  arc  more  frequent ;  but  they  are  Dol 
placed  in  the  same  category  with  the  compounds  of  individuals  both  beloD|^ 
the  same  scries,  which  last  are  neutral  salts.  For  a  metallic  oxichloride  may 
rally,  if  not  always,  be  viewed  as  a  chloride  to  which  a  certain  proportion  of  im 
oxide  is  attached,  like  constitutional  water  in  a  hydrated  salt.  That  metallie 
is  likewise  always  of  the  magnesian  class,  or  of  a  class  allied  to  it.  Oxichli 
are  then  to  be  associated  with  those  salts  of  oxygen-acids  usually  denominatec 
Baits  (page  162) ;  the  oxichlorides  of  lead  and  of  copper, — 

PbCl  +  3PbO  and  CuCl+CuO, 

with  the  subacetates  and  subsulphates  of  the  same  metals. 

Arrangement  of  metallic  elements.  —  A  distribution  of  the  metals  into 
classes  is  generally  made,  composed  respectively  of  the  metals  of  the  alkalie 
alkaline  earths,  the  metois  of  the  earths,  and  the  metals  proper.  The  latter 
again  is  subdivided,  according  to  the  affinity  of  the  metals  contained  in  it  for  oi 
into  two  groups  —  the  noble  and  common  metals ;  the  oxides  of  the  former,  n 
gold,  silver,  &c.,  abandoning  their  oxygen  at  a  high  temperature,  while  the  ( 
of  the  latter,  lead,  copper,  &o.,  are  undecomposable  by  heat  alone.  In  treati 
the  metals,  I  shall  introduce  them  in  the  order  which  appears  to  facilitate  mo 
study  of  their  combinations,  with  a  general  reference  to  this  classification.  Fa 
divisions,  I  shall  avail  myself  of  the  natural  families  into  which  the  clcmenti 
been  arranged  (page  144),  which  have  the  advantage  of  bringing  together 
metals  of  which  the  compounds  are  most  frequently  isomorphous.  The  dif 
metals  will  therefore  be  grouped  under  the  following  orders :  — 

I.  Metallic  bases  of  the  alkalies  —  three  metals :  — 

Oxides. 

Potassium Potassa 

Sodium Soda 

Lithium Lithia 

II.  Metallic  bases  of  the  alkaline  earths  —  four  metals :  — 

Oxides. 

Barium Baryta 

Strontium Strontia 

Calcium Lime 

Magnesium Magnesia 

in.  Metallic  bases  of  the  earths  proper — seven  metals :  — 

Oxides. 

Aluminum Alumina 

Glucinum Glucina 

Zirconium Zirconia 

Yttrium Yttria 

Terbium Terbia 

Erbium Erbia 

Thorium  Thorina 

^  rV.  Metals  proper,  of  which  the  protoxides  are  isomorphous  with  magBfl 
eight  metals :  — 


Manganese 
Iron 
Cobalt 
Nickel 


Zinc 

Cadmium 
Copper 
Lead 
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Y.  Other  metals  proper  having  isomorphons  relations  with  the  magnesian  fiunilj 
— seven  metals :  — 


Tin 

Titanium 
Chromium 
Vanadium 


Tungsten 

Molybdenum 

Tellurium 


VL  3Ictals  isomorphous  with  phosphorus  — three  metals :  — 


Arsenic 
Antimony 


Bismuth 


VII.  Metals  proper,  not  included  in  the  foregoing  classes^  of  which  the  oxides 
we  not  reduced  by  heat  alone  —  eight  metals :  — 

Uranium.  Titanium. 

Cerium.  Tantalum  or  Colnmbium. 

Lantanum.  Pclopium. 

Didymium.  Niobum. 

Vm.  Metals  proper,  of  which  the  oxides  are  reduced  to  the  metallic  state  by 
heat  (noble  metals)---three  metals : — 


Mercury. 
Silver. 


Gold. 


IX.  3Ietals  found  in  native  platinum  (noble  metals) — six  metals:— 

Osmium. 

Rhodium. 

Kuthcnium. 


Platinum. 

Palladium. 

Iridium. 


ORDER  I. 


METALLIC  BASES  OF  THE  ALKALIES. 

SECTION    I. 
POTASSIUM. 

Syn.  Kalium.    Eq.  39  or  487.5;  K. 

The  alkalies  and  earths  have  long  been  named  and  distinguished  from  each  other^ 
but  they  were  not  known  to  bo  the  oxides  of  peculiar  metals  till  a  recent  period. 
The  terms  applied  to  the  new  metallic  bases  are  formed  from  the  names  of  their 
oxides,  as  potassium  from  potash,  and  calcium  from  calx,  a  name  sometimes  given 
to  lime ;  while  the  original  names  of  the  oxides  are  still  retained,  as  those  of  ordi- 
nary objects,  and  not  superseded  by  appellations  indicating  their  relation  to  the 
metab,  such  as  oxide  of  potassium  for  potassa,  or  oxide  of  calcium  for  lime. 

Preparation. — In  1807,  Sir  H.  Davy  made  the  memorable  discovery  that  potassa 
is  resolved  by  a  powerful  voltaic  battery  into  potassium  and  oxygen.  He  placed  a 
moistened  fragment  of  hydrate  of  potassa  on  mercury,  introducing  the  terminal  wiro 
from  the  zinc  extremity  of  an  active  battery  (the  chloroid)  into  the  fluid  metal,  and 
touching  the  potassa  with  the  other  terminal  wiro  (the  zincoid) ;  bubbles  of  oxyeen 
gas  appeared  at  the  latter  wire,  and  potassium  was  liberated  at  the  former,  and  dis- 
solving in  the  mercury,  was  protected  from  oxidation  by  the  air.  To  effect  this 
24 


I 


370 


POTASSIUM. 


dccomposiUon,  Davy  employed  &  battery  of  200  pain  of  fonHnch  plates;  I 
amalgum  of  potassium  may  be  oa  readily  obbuned  by  a  more  simple  vol toiu  appt 
in  the  manner  described  at  page  2'21.  These  processes,  however,  afford  poll 
only  in  minute  quantity.  Soon  after  the  existence  of  this  metal  was  known, 
Lussac  and  Th£nard  discorcrcd  that  potassa  is  decomposed  by  iron  at  a  whilg 
and  tliey  contrived  a  process  by  which  a  more  abundant  supply  of  the  meta 
obtained.  It  was  afterwards  noticed  by  Curaudau,  that  potjusa,  like  the  oxii 
common  metals,  is  decomposed  by  charcoal  aa  well  as  by  iron,  which  is  the  bi 
the  process  for  potassium  now  always  followed. 

This  interesting  process  is  described  by  Alitseberlich,  as  it  is  saeeessfully  pc 
in  Qermany.  A\'hcnever  ehajcoal  is  used  to  deprive  a  metallic  oxide  of  its  oi 
the  former  must  be  in  a  statt;  of  minute  divigiou,  and  be  intimately  miicd  wii 
latter.  Carbonate  of  potassa  requires  this  precaution  the  more,  that  it  fuM 
red  heat,  and  is  thus  apt  to  separate  from  the  charcoal,  and  sink  bcloiv  it. 
found  that  the  best  means  to  obtain  a  proper  mixture  of  these  substnuccs  is  to  c 
a  salt  of  potassa  eontuining  a  vegetable  aeiJ,  which  leaves  a  large  quantity  of 
cool  when  decomposed.  Crude  tartar  (bitartratc  of  potassa)  is  preferred,  ai 
one  operation  sis  pounds  of  that  salt  arc  ignited  in  a  large  crucible  or  iiicltii 
provided  with  a  lid,  so  long  as  combustible  gases  are  disengrigcd.  The  eriHt 
then  withiiruwn  from  (he  tire,  and  is  found  to  contain  a  black  mass,  which 
mixture  of  charcoal  and  carbonate  of  potassa,  known  as  block  flux.  It  is  K 
to  powder,  while  still  warm,  ond  immediately  mixed  with  about  ten  ounces  of 
charcoal  in  small  pieces,  or  iu  a  coarse  powder,  from  which  the  dust  has  bcca 
rated  by  a  sieve.  The  use  of  this  additional  charcoal  is  to  act  as  a  tjumg 
absorb  the  potassa  when  liquefied  by  heat.  The  mixture  is  introduced  into  a 
of  wrought  iron,  and  a  mercury  bottle  (page  224)  answers  well  for  the  purpot 
must  be  heated  to  redness  bcforcliaud,  to  expel  a  little  mercury  that  reinaiu 
The  mouth  of  the  bottle  is  cnlargciJ  a  little  by  means  of  a  round  file,  and  a  st 
iron  tube  of  4  or  5  iuthes  in  length  fitted  into  the  opening,  by  griudinp.  The 
and  tube  thus  form  a  retort,  which  is  supported  horiioniully  in  a  brick  furna 
represented  (fig.  1G6)  in  which  a  is  the  iron  boUlc  rcbtiug  upon  two  bars  of  iro 
to  which  it  may  also  he  firmly  bound  by  iron  wire.     These  bars  cross  the  fami 

Fio.  1C5. 
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ft  lieigbt  of  5  or  6  incbcB  aboTe  the  mte-bars.  A  nililure  of  equal  parts  of  <!oal 
and  coke  mnkca  nn  excellent  fuel  for  tiiis  furnaco.  The  tube  b  of  the  bottle  projects 
through  nn  aperture  in  the  side-wall  of  tbc  furnace,  and  enters  a  receiver  of  a  pecu- 
liar conslruelion  rcrjuired  to  condense  the  potamium,  which  distils  over.  This 
receiver  is  composed  of  two  sopainte  copper  cylinders  or  oval  boxes,  bard  soldered, 
Bmilar  in  form  and  hzc,  whii'li  ore  represented  in  Bcction  (fig.  1 GU),  the  one,  bnd, 
being  iiitnjduccd  withiu  the  other,  ghk,  and  tlius  forming  together 
Fio.  1C6.  a  vessel  of  wbicb  bnd  is  the  cover.     It  will  also  he  observed  that 

6  d  is  divided  into  two  cells  by  a  dinpbnigiD,  t,  of  the  sainc  length 
as  tbc  cylinder,  and  descending  with  it  to  wilbin  two  inches  of 
tbc  bottom,  h,  of  ghk.  A  ribbon  of  copper,  g,  is  soldered  around 
bnd,  BO  OS  to  form  a  ledge,  which  is  Eceu  in  both  figures,  and 
serves  as  a  support  far  n  cage  of  iron-wire,  c  d,  placed  over  the 
receiver  during  the  distillation,  to  hold  ice,  and  also  to  sbed  the 
water  from  the  liquefaction  of  that  ice,  which  falls  into  a  liay,  jt, 
below,  and  flows  off  by  the  tube,  I.  The  cover  has  also  two  short 
copper  lubca,  d  and  b,  of  which  the  copper  of  b  is  notched  so  as  to  clasp  firmly  by 
its  i-Iaslicity  the  tube  6  from  the  iron  bottle,  which  is  fitted  into  it.  The  other  tube, 
d,  which  is  exactly  opposite  to  b,  is  fitted  with  a  cork,  and  the  diaphragm,  f,  has  a 
small  hole  in  it  to  allow  of  a  rod  being  passed  through  6  and  d.  In  the  sume  port 
of  tbc  apparatus  Is  a  third  opening,  to  wbicb  a  gloss  tube,  x,  is  fitted  bj  n  cork,  for 
the  es.'a|ic  of  uDCondensihIe  gases.  The  receiver  is  filled  to  about  one-third  with 
rccdfied  pctrolcuDi,  a  liquid  containing  do  oxygen,  so  as  to  conic  nearly  to,  but  not 
to  cm'cr,  the  bottom  of  the  partition,  i.  The  length  of  the  bottle  is  11  inches,  its 
iridtb  4,  and  the  other  parts  of  the  apparatus  are  designed  upon  the  same  scale. 

I'otas^ium  and  carbonic  oxide  gas  arc  the  principal  products  of  the  decomposition 
of  the  carbonate  of  potassa,  but  other  substances  besides  these  are  found  in  the 
receiver;  namely,  a  black  mass  very  rich  in  potassium,  some  oxalate  and  crocunate 
of  potar'sa  and  free  potissa,  with  a  portion  of  charcoal  powder  carried  over  mecha- 
nically. I'art  of  these  products  appears  to  be  formed,  after  tbc  reduction  of  tho 
potftfsiuni,  by  the  mutual  reaction  of  that  metal,  carbonic  oxide  and  pctroleuni.  The 
proce^s  is  fuuud  to  succeed  best  when  the  iron  tube,  b,  is  so  short  that  it  can  be 
mniulaincd  at  a  red  beat  through  its  whole  length  during  the  operation,  while  the 
receiver  is  kept  at  a  very  low  temperature;  tho  potassium  then  falls  from  the  tube, 
drop  by  drop,  into  the  rcc-eivcr,  and  docs  not  remain  long  in  contact  with  carbonio 
oxido,  which  is  known  to  combine  readily  with  that  metal.  One  or  two  other  points 
should  always  be  attended  to.  The  connexion  between  the  tube  b  and  the  receiver 
ia  not  made  till  tho  iron  bottlo  has  been  heated  to  redness,  to  allow  of  the  escape 
of  a  little  water,  and  of  a  trace  of  mercury,  which  had  remained  in  the  bottle  in  the 
state  of  vapour,  and  which  come  ofiF  first.  The  joining  of  the  tube  b  is  not  nir-tight 
ot  first,  and  allows  a  tittle  potassium  vapour  to  escape,  but  this  bums  and  forms 
potassa,  which  immediately  closes  the  openings.  This  tube  being  always  incandescent 
mod  the.  refrigeration  properly  made,  the  reduction  sometimes  proceeds  without 
interruption.  But  the  tube  is  sometimes  obstructed,  as  appears  by  the  gases  ceasing 
to  escape  by  x.  ilaste  must  then  bo  made  to  open  the  tube  b,  and  to  clear  it  by 
means  of  a  flattened  iron  rod,  I,  slightly  hooked  at  its  anterior  extremity.  Care 
has  been  t.ikcn  to  mark  on  this  rod,  with  the  scratch  of  a  file,  bow  far  it  has  to 
pcnetraic  iuio  the  apparatus  to  reach  tho  mouth  of  the  bottle,  and  it  must  not  be 
introduced  farther.  The  current  of  air  through  the  furnaco  is  regulated  by  a  register 
Talve  in  the  chimney,  and  the  flre  stirred  fn'C|uently  so  as  to  prevent  the  formation 
of  caviues;  the  operator  being  guided  in  the  management  of  the  fire  by  the  rapidity 
of  the  current  of  gas  which  escapes  by  the  tube  r.  To  terminate  the  operation,  the 
grate  bars  may  be  thrown  down,  by  which  the  fuel  will  fall  into  the  ash-pit.  The 
■luautity  of  crude  tartar  mentioned  yields  about  4  ounces  of  potassiuni,  which  is 
■bout  4  per  cent,  of  its  wcicbt.  The  potassium  thus  obtained,  containing  a  little 
earbon  (dicmicDlly  combined  with  it,  is  submitted,  together  with  the  black  moss 
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found  in  tbc  receiver^  to  a  second  distillation.  For  tlus  purpose  m  smaller  iron  bottk 
with  a  bent  tube  may  be  employed,  the  end  of  which  is  covered  by  rectified  petr> 
Icum  in  a  capacious  flask,  used  as  a  receiver.  (Mitscherlich,  El^mens  de  Chimie, 
iii.  8).     [_See  Supplement^  p.  805.] 

Properties. — Potassium  is  solid  at  the  nsnal  temperature,  but  so  soft  as  to  yield 
like  wax  to  tbc  pressure  of  the  fingers.  A  fresh  surfiice  has  a  white  colour,  with  a 
shade  of  blue,  like  steel,  but  is  almost  instintly  covered  by  a  dull  film  of  oxide  when 
exposed  to  air.  The  metal  is  brittle  at  82°,  and  has  been  observed  crystallized  in 
cuDcs :  it  is  semi-fluid  at  70°,  and  becomes  completely  liquid  at  150°.  It  may  be 
distilled  at  a  low  red  heat,  and  forms  a  vapour  of  a  green  colour.  Potassium  hi  coo- 
siderably  lighter  than  water,  its  density  being  0.8G5  at  60°. 

Potassium  oxidates  gradually  without  combustion  when  exposed  to  air ;  but  heated 
till  it  begins  to  vaporize,  it  takes  fire  and  burns  with  a  violet  flame.  The  avidity 
of  this  metal  for  oxygen  is  strikingly  exhibited  when  a  fragment  of  it  is  thrown 
upon  water.  It  instantly  decomposes  the  water,  and  so  much  heat  is  evolved  as  to 
kindle  the  potassium,  which  moves  about  upon  the  surface  of  the  water,  burning 
with  a  strong  flame,  of  which  the  vivacity  is  increased  by  the  combustion  of  the 
hydrogen  gas  disengaged  at  the  same  time.  A  globule  of  fused  potassa  remains, 
which  continues  to  swim  about  upon  the  surface  of  the  water  for  a  few  seconds,  but 
finally  produces  an  explosive  burst  of  steam,  when  its  temperature  falls  to  a  certain 
point,  illustrating  the  phenomenon  of  a  dirop  of  water  on  a  hot  metallio  pkte 
(page  64.) 

i'otassium  appears  to  have  the  greatest  affinity  of  all  bodies  for  oxygen  at  tempe- 
ratures which  are  not  exceedingly  elevated.  It  decomposes  nitrous  and  nitric  oxides, 
and  also  carbonic  oxide  gas  at  a  red  heat,  although  potassa  is  reduced  to  the  metallic 
state  by  charcoal  at  a  white  heat.  It  has  already  been  stated  that  the  oxides  and 
fluorides  of  boron  and  silicon  are  decomposed  by  potassium,  and  besides  these  ele- 
ments, several  of  the  metallic  bases  of  tiic  earths  arc  obtained  by  means  of  this 
metal.     It  is,  indeed,  a  reducing  agent  of  the  greatest  value. 
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Potassa,  or  potash;  KO;  590  or  47.26. — Potassium  exposed  in  thin  slices  to 
dry  air  becomes  a  white  matter,  which  is  the  protoxide  of  pota.isium  or  potassa. 
This  compound  is  fusible  at  a  red  heat,  and  rises  in  vapour  at  a  strong  white  heat 
It  unites  with  water,  with  ignition,  and  forms  a  fusible  hydrate,  which  is  the  ordinaxy 
condition  of  caustic  potassa. 

The  hydrate  of  potassa  is  obtained  in  quantity  from  the  carbonate  of  potasss. 
Equal  weights  of  that  salt  and  of  quicklime  arc  taken,  the  latter  of  which  is  slaked 
with  water,  and  falls  into  a  powder  consisting  of  hydrate  of  lime;  the  former  if 
dissolved  in  from  6  to  10  times  its  weight  of  water,  and  both  boiled  together  for 
half  an  hour  in  a  clean  iron  pan.  The  lime  abstract;j  carbonic  acid  from  the  potassa 
and  becomes  carbonate  of  lime ;  a  reaction  which  may  be  illustrated  by  adding  lime* 
water  to  a  solution  of  carbonate  of  potassa,  when  a  precipitate  of  carbonate  of  limi 
falls.  When  the  potassa  has  been  deprived  entirely  of  carbonic  acid,  a  little  of  thi 
clear  liquid  taken  from  the  pan  will  be  found  not  to  effervesce  upon  the  addition  of 
an  acid  to  it.  It  is  remarkable  that  the  decomposition  is  never  complete  if  the  car 
bonate  of  potassa  be  dissolved  in  loss  than  the  prescribed  quantity  of  water.  Liebif 
has  observed  that  a  concentrated  solution  of  potassa  decomposes  carbonate  of  lime, 
and  consequently  hydrate  of  lime  could  not,  in  the  same  circumstances,  decompoN 
carbonate  of  potassa.  The  pan,  being  covered  by  a  lid,  may  be  allowed  to  cool; 
when  the  insoluble  carbonate  of  lime  and  the  excess  of  hydrate  of  liuie  subside,  a 
considerable  quantity  of  the  clear  solution  of  potassa  may  be  drawn  off"  by  a  sypboOy 
and  the  remainder  may  be  obtained  clear  by  filtration.  In  the  latt<?r  operation  a 
large  glass  funnel  may  be  employed,  to  support  a  filter  of  washed  cotton  calicOy  into 
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irbich  what  remains  in  the  pan  is  transferred.  A  small  portion  of  liquid,  which 
poifscs  through  turhid  at  first,  should  be  returned  to  the  filter.  As  the  solution  of 
potassa  absorbs  carbonic  acid,  it  is  proper  to  conduct  its  filtration  with  as  little  ex- 
posure to  air  as  possible;  on  which  account  the  mouth  of  the  the  funnel  should  bo 
covered  by  a  plate,  and  the  liquid  which  flows  from  it  be  immediately  received  in  a 
bottle,  in  the  mouth  of  which  the  funnel  may  be  supported.  The  bottle  in  w^hich 
potassa  is  preserved  should  not  be  of  crystal,  or  of  a  material  containing  lead,  as  the 
alkali  corrodes  such  glass,  particularly  when  its  natural  surface  has  been  cut. 

To  obtain  the  solid  hydrate  of  potassa,  the  preceding  solution  is  rapidly  evaporated 
ID  a  clean  iron  pan  or  silver  basin,  till  «in  oily  liquid  remains  at  a  high  temperature^ 
which  contains  no  more  than  a  single  equivalent  of  water.  This  liquid  is  poured 
into  cylindrical  iron  moulds  to  obtain  it  in  the  form  of  sticks,  which  are  used  by 
surgeons  as  a  cautery,  and  are  the  potassa  or  potassa  fusa  of  the  Pharmacopoeia;  a 
form  in  which  it  is  also  convenient  to  have  potassa  for  some  chemical  purposes.  The 
sticks  gonenilly  contain  a  portion  of  carbonati^  of  potassa,  besides  a  little  oxide  of  iron 
and  peroxide  of  potassium,  the  last  of  which  gives  occasion  to  the  evolution  of  a  little 
oxygen  gas  when  the  sticks  are  dissolved  in  water.  To  obtain  hydrate  of  potassa 
free  from  carbonate,  the  sticks  are  dissolved  in  alcohol,  in  which  the  foreign  impu- 
rities arc  iujioluble,  and  the  alcoholic  solution  is  evaporated  to  dryness. 

The  pure  and  fused  hydrate  of  potassa  is  a  solid  white  mass  of  a  structure  some- 
what crystalline,  of  sp.  gr.  1.70G,  fusible  at  a  heat  under  redness.  It  is  a  protohy- 
drate,  and  cannot  be  deprived  of  its  combined  water  by  the  most  intense  heat.  It 
destroys  aTiimal  textures.  It  rapidly  deliriuesces  in  damp  air,  from  the  absorption 
of  moisture :  is  soluble  in  half  its  weight  of  water,  and  also  in  alcohol.  Mixed  in 
pi)wdcr  with  a  small  quantity  of  water,  it  forms  a  second  crystalline  combination, 
which  is  a  terhydrate ;  and  its  solution  in  water  affords,  at  a  very  low  temperature, 
crystals  in  the  forms  of  four-sided  tables  and  octohedrons,  which  arc  a  pentahj- 
drate,  K0.H0+4II0.    \_See  Supplement,  p.  806.] 

The  solution  of  potassa,  or  potassa  ley,  has  a  slight  but  peculiar  odour,  character- 
istic of  cauiitic  alkalies,  which  they  acquire  from  their  action  upon  organic  matter, 
derived  from  the  atmosphere  or  other  sources.  The  skin  and  other  animal  substances 
are  dissolved  by  this  liquid.  It  is  highly  caustic,  and  its  taste  intensely  acrid.  It 
Las  thos<i  properties  which  are  termed  alkaline,  in  an  eminent  degree.  It  neutral- 
ixcs  the  most  powerful  acids,  restores  the  blue  colour  of  reddened  litmus,  changes 
the  blue  infusion  of  cabbage  into  green,  but  in  a  short  time  altogether  destroys  these 
vegetable  colours.  It  acts  upon  fixed  oils,  and  converts  them  into  soaps,  which  are 
soluble  in  water.  It  absorbs  carbonic  acid  with  great  avidity  from  the  air,  on  which 
account  it  should  be  preserved  in  well-stopped  bottles. 

The  presence  of  free  potassa  or  soda,  in  solutions  of  their  carbonates,  may  be 
discovered  by  nitrate  of  silver,  the  oxide  of  which  is  precipitated  of  a  brown  colour 
by  the  caustic  alkali,  while  the  white  carbonate  of  silver  only  is  preiripitated  by  the 
pure  carbonated  alkali.  Potassa,  whether  free  or  in  combination  with  an  acid  as  a 
soluble  salt,  may  be  discovered  and  distinguished  from  soda  and  other  substances, 
by  means  of  certain  acids,  &c.,  which  form  sparingly  soluble  compounds  with  that 
alkali.  A  strong  solution  of  tartaric  acid  produces  a  precipitate  of  bitartrate  of 
potas.4a,  in  a  liquid  containing  1  per  cent,  of  any  potassa  salt.  The  precipitate  is 
cr}'5t.'illinc,  and  docs  not  appear  immediately,  but  is  thrown  down  on  stirring  the 
liquid  strongly,  and  soonest  upon  the  lines  which  have  been  described  on  the  glass 
by  the  stirrer.  A  similar  precipitation  is  occasioned  in  salts  of  potassa  by  perchloric 
acid.  Also  by  bichloride  of  platinum,  which  forms  the  double  chloride  of  platinum 
and  p:)ta.<S8iuni,  in  granular  octoheilrons  of  a  pale  yellow  colour.  In  the  separation 
of  potassa  for  its  quantitative  estimation,  the  last  reagent  is  preferred,  and  is  added 
iu  cxcc-^s  to  the  potassa  solution,  together  with  a  few  drops  of  hydrochloric  acid, 
which  is  then  evaporated  by  a  steam  heat  to  dryness.  The  dry  residue  is  washed 
with  alcohol,  which  dissolves  up  everything  except  the  double  chloride  of  platinum 
and  potassium.     Ammonia^  also,  is  thrown  down  by  bichloride  of  platinum ;  but 
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vrhcn  the  chloride  of  platinum  aod  ammonium  is  heated  to  redness^  nothing  is  left 
except  spongy  platinum,  while  the  chloride  of  platinum  and  pota«sium  leaves  alUti 
potassium  in  the  stiitc  of  chloride  mixed  with  the  platinum.  Potassa  is  likewise 
separated  from  acids  by  means  of  fluosilicic  acid,  which  throws  down  a  light  gelati- 
nous precipitate,  the  double  fluoride  of  silicon  and  potassium.  Carliazotic  acid  al» 
produces  a  yellow  crystalline  precipitate  in  solution  of  potassa. 

Salts  of  potassa,  more  particularly  the  chloride;  nitrate,  and  carbonate,  commam- 
cate  to  flame  a  pale  violet  tint. 

Potassa  is  the  base  which  in  general  exhibits  the  highest  affinity  for  acids  j  it 
precipitates  lime  and  the  insoluble  metallic  oxides  from  their  solutions  in  acids. 
This  alkali  is  employed  inditferently  with  soda  for  a  variety  of  useful  purposes.  The 
principal  combinations  of  potassa  with  acids  will  be  described  after  the  binary  com- 
pounds of  potassium. 

Peroxide  of  potassium^  KO3.  —  Heated  strongly  in  air  or  oxygen,  potassium 
combines  with  three  equivalents  of  oxygen.  The  ultimate  residue  on  calciuicg 
nitrate  of  potassa  at  red  heat  has  been  said  to  be  the  same  compound,  but  Mitscher- 
lich  finds  that  residue  to  be  potassa.  The  peroxide  of  potassium  is  decomposed  Ly 
water,  being  converted  into  hydrate  of  potassa,  with  evolution  of  oxygen  gas. 

When  potassium  is  burned  with  an  imperfect  supply  of  air,  a  grey  matter  is 
formed,  which  Berzclius  believed  to  be  a  suboxide  of  potassium.  It  is  not  mure 
stable  than  the  peroxide. 

Sulphides  of  potassium.  —  Sulphur  and  potassium,  when  heated  together,  unite 
with  incandescence,  and  in  several  proportions,  two  of  which  correspond  respectively 
with  the  protoxide  and  peroxide  of  potassium.  The  protosulphide  may  be  obtaind 
by  transmitting  hydro<:cn  gas  over  sulphate  of  potassa,  heated  in  a  bulb  of  hard 
glass  to  full  redness,  when  the  whole  oxygen  of  the  salt  is  carried  off  as  water,  and 
the  .sulphur  remains  in  combination  with  potassium,  forming  a  fusible  compound  of 
a  light  brown  colour.  Sulphate  of  potassa  calcined  with  one-fourth  of  its  weight  of 
pounded  charcoal  or  pit-coal,  in  a  covered  Cornish  crucible,  at  a  bright  red  heat,  is 
converted  into  a  black  crystalline  mass,  which  is  also  protosulphide  of  potassium 
with  generally  a  small  quantity  of  a  higher  sulphide,  arising  from  the  combinatioi 
of  the  f'ilioa  of  the  crucible  with  potassa  of  the  sulphate.  If  lamp-black  be  usee 
instead  of  charcoal,  the  sulphide  of  potassium  formed  having  a  great  affinity  fa 
oxygen,  aTul  being  in  a  highly  divided  st'ite,  takes  fire  when  exposed  to  the  air,  ant 
forms  a  pyropluirus.  The  solution  of  the  protosulphide  in  water  is  highly  caustic 
it  is  decomposed  by  acids  with  efTervesccnce,  from  the  escape  of  hydrosulphuric  acid 
but  without  any  dopo.sit  of  sulphur.  lacing  a  sulphur  base,  it  combines  withoD 
decomposition  with  tjulphur  acids. 

This  sulphide  unites  directly  with  hydrosulphuric  acid,  forming  KS.IIS ;  and  th 
compound  may  be  otherwi.^e  formed,  namely,  by  transmitting  a  stream  of  hydrosul 
phuric  acid  through  caustic  potassa,  so  long  as  the  gas  is  absorbed.  It  is  oftei 
named  the  hihydrosulphatc  of  potassa.  It  is  analogous  in  composition  to  hydnt 
of  putassa  (KO.llO)  in  the  oxygen  series. 

The  trisulphide  is  ft)rmed  when  anhydrous  carbonate  of  potassa,  mixed  with  hil 
its  weight  of  sulphur,  is  maintained  at  a  low  red  heat  so  long  as  carbonic  acid  gi 
comes  ofi".  Of  fuur  proportions  of  potassa,  three  become  sulphide  of  potassium,  whil 
sulphuric  acid  is  formed,  which  neutralizes  the  fourth  proportion  of  potussa :  4K< 
and  10S  =  3KS3  ^^'id  KO.SO3.  With  carbonate  of  potassa  and  sulphur,  in  cqui 
weights  a  similar  action  occurs,  at  a  temperature  above  the  fusing  point  of  sulpha: 
but  five,  instead  of  three,  propirtions  of  sulphur  then  unite  with  one  of  potassinn 
and  a  pentasulphide  is  funned.  With  a  larger  proportion  of  carbonate  of  potas! 
the  same  sulphide  is  also  produced,  provided  the  temperature  does  not  much  excce 
the  boiling  point  of  sulphur,  and  the  excess  of  carbonate  fuses  along  with  it,withoi 
undergoing  decomposition.  A  sulphide  obtained  by  fusing  sulphur  and  carbonat 
of  potassa  together  has  a  liver-brown  colour,  and  hence  its  old  pharmaceutic  nan 
hepar  sulphuris.    The  three  sulphides  described  are  dcliqucscent|  and  ore  all  solnl^ 
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in  "iratcr,  the  hiebcr  sulphides  giving  red  solutions.  They  may,  indeed,  be  prepared 
by  heating  sulphur,  in  proper  proportions,  with  caustic  potassa.  A  simultaneous 
formation  of  hypasulphurous  acid  then  occurs,  as  already  explained  (p.'igo  304). 
The  prepamtion,  precipitated  sulphur^  is  obtained  by  adding  an  excess  of  hydro- 
chloric acid  to  these  solutions,  when  much  sulphur  is  thrown  down,  although  the 
potassium  be  only  in  the  state  of  protosulphide,  for  the  hydrosulphuric  acid,  arising 
from  the  action  of  the  acid  on  that  sulphide,  meets  hyposulphurous  evolved  at  the 
same  time  from  the  decomposition  of  the  hyposulphite,  with  the  formation  of  water 
and  sulphur.  The  excess  of  sulphur  in  the  alkaline  sulphide  also  precipitates  at 
the  same  time.  The  peculiar  whiteness  of  precipitated  sulphur  is  owing,  according 
to  Rose,  to  its  containing  a  little  bisulphide  of  hydrogen. 

Chloride  of  potassium;  eq.  74.5  or  931.25;  KCl.  —  Formed  by  the  combustion 
of  potassium  in  chlorine,  or  by  neutralizing  hydrochloric  acid  by  potassa  or  its  car- 
bonate. It  is  also  derived  in  considerable  quantity  from  kelp  (page  352).  It  crya- 
tiillizes  in  cubes  and  rectangular  prisms,  resembles  common  salt  in  tasto,  and  is  con- 
siderably more  soluble  in  hot  than  in  cold  water.  According  to  the  observations  of 
Gav-Lussac,  100  parts  of  water  dis.solve  of  this  salt  29.21  parts  at  0°  C. ;  34.53 
parts  at  19^.35;  43.59  parts  at  52^.39;  50.93  parts  at  79''.58,  and  59.26  parts  at 
lOO^.G  C.  When  pulverised  and  dissolved  in  four  times  its  weight  of  cold  water,  it 
produces  a  depression  of  temperature  of  20i  degrees;  while  chloride  of  sodium,  dis- 
solved in  the  same  manner,  lowers  the  tempeniture  only  3.4  degrees.  Upon  the 
ditreronce  between  two  salts  in  this  property,  M.  Gay-Lussac  founded  a  method  of 
estimating  their  proportions  in  a  mixture.  Chloride  of  potassium  is  principally  con- 
sumed in  the  manufacture  of  alum.  Rose  observed  that  chloride  of  potassium  unites 
with  anhydrous  sulphuric  acid,  KCl+2SOs.  The  same  salt  unites  with  terchloride 
of  iodine,  KCl.ICl,. 

Iodide  of  potassium;  cq.  105.36  or  2007  ;  KI.  —  This  salt  is  obtained  by  dis- 
golving  iodine  in  solution  of  potassa  till  neutral,  evaporating  to  dryness,  and  heating 
to  redness,  to  decompose  the  portion  of  iodate  of  potassa  formed.  M.  Freundt 
recommends  to  add  a  little  charcoal  to  the  mixed  iodide  and  iodate.  Iodide  of 
potassium  is  more  soluble  in  water  than  the  chloride,  and  may  be  obtained  in  cubes 
or  rectingular  prisfii-!,  which  are  generally  white  and  opaque,  and  have  an  alkaline 
reaction  from  the  pr*  .-once  or  a  trace  of  carbonate  of  potassa.  Iodide  of  potassium 
is  also  dissolved  by  alcohol,  but  in  a  much  less  proportion  than  by  water.  The  dry 
salt  does  not  combine  with  more  iodine,  but  in  conjunction  with  a  small  quantity  of 
water  (I  believe  4  equivalents)  it  absorbs  the  vap(.)ur  of  iodine  with  great  avidity, 
and  runs  into  a  liquid  of  a  deep  red,  almost  black,  colour.  According  to  Baup,  a 
saturated  solution  of  iodide  of  potassium  may  dissolve  so  much  as  two  equivalents  of 
iodine,  but  allows  one  equivalent  to  precipitate  when  diluted.  Iodide  of  potassium, 
which  is  often  called  the  hydriodate  of  potassa,  is  much  used  in  medicine;  it  is  not 
poi.soDous  even  in  doses  of  several  drachms.  Its  solution  is  also  employed  as  a 
vehicle  for  iodine  itself,  20  grains  of  iodine  and  30  grains  of  iodide  of  potassium 
being  usually  dissolved  together  in  1  ounce  of  water.  The  bromide  of  potassium  is 
capable  also  of  dissolving  bromine,  but  the  solution  of  chloride  of  potassium  has  no 
affinity  for  chlorine. 

Frrrocyanide  of  potassium.  Yellow  prussiatc  of  potassa;  K2.FeCy3  +  3HO; 
tq.  184 -f- 27  or  2300 -f  337.5.  —  This  important  salt  is  formed  when  carbonate  of 
potassa  is  fused  at  a  red  heat  in  an  iron  pot,  with  animal  mat- 
ter, such  as  dried  blood,  hoofs,  clippings  of  hides,  &c.,  and  is  the  Fiq.  1G7. 
product  of  a  reaction  to  be  hereafler  described.  This  salt  occurs 
ID  a  state  of  great  purity  in  commerce.  It  is  of  a  lemon  yel- 
low colour,  and  crystallized  in  lai^e  quadrangular  tables,  with 
truncated  angles  and  edges,  belonging  to  the  square  prismatic 
^stem.  The  crystals  contain  3  equivalents  of  water,  which  they 
lose  at  212^,  arc  soluble  in  4  parts  of  cold  and  2  parts  of  boil- 
ing water^  and  are  insoluble  in  alcohol.     The  taste  of  this  salt  is  saline,  and  it  is  not 


376  POTASSIUM. 

ptMsouous.  By  a  red  licat  it  is  converted,  with  escape  of  nitrogen  gas,  into  carburet 
of  iron  and  cyanide  of  potassium ;  bat  with  exposure  to  air  the  latter  salt  absorbi 
0X3'gcD,  and  becomes  c}'anate  of  potassa.  This  salt  is  represented  by  Licbig  as  con- 
taining a  salt-radical  I  Ferrocyanogen,  composed  of  1  eq.  of  iron  and  3  eq.  of  cyano- 
jgen^  or  FcCyg.  This  salt-radical  is  bibasic,  and  is  in  combination  with  2  eq.  pota»> 
sium  in  the  salt,  as  will  be  seen  by  reference  to  its  formula.  The  same  salt  has 
been  represented  by  myself  as  a  compound  of  a  tribasic  salt-radical  prussine  (3Cv), 
with  Fe-l-2K.  But  its  reactions  with  other  salts  are  most  easily  stated  on  the  former 
view  of  its  constitution.  The  iron  in  this  salt  is  not  precipitated  by  alkalies.  ^Vhca 
ferrocyanide  of  potassium  is  added  to  salts  of  lead  and  various  other  metallic  sola- 
tions,  it  produces  precipitates,  in  which  two  equivalents  of  the  lead  or  other  metal 
are  substituted,  in  combination  with  fcrrocyanogen,  for  the  two  equivalents  of  potas- 
sium. In  salts  of  sosquioxide  of  iron,  ferrocyanide  of  potassium  produces  the  well- 
known  precipitate,  Prussian  blue. 

Ferricyanide  of  potassium,  Red  prussiate  of  potassa;  SK.FcaCy^;  eq.  329  or 
4112.5.  —  This  salt,  which,  like  the  last,  is  a  valuable  reagent,  is  formed  by  trans- 
mitting chlorine  gas  through  a  solution  of  the  ferrocyanide  of  potassium,  till  it  coises 
to  give  a  precipitate  of  Prussian  blue  with  a  persalt  of  iron,  and  no  longer.  One- 
fourth  of  the  potassium  of  the  ferrocyanide  is  converted  into  chloride,  from  which 
the  resulting  ferricyanide  may  be  separated  by  crystallization.  It  forms  right  rhom- 
bic prisms,  which  are  transparent  and  of  a  fine  red  colour.  The  crj'stals  are  anhy- 
drous, soluble  in  3.8  parts  of  cold,  and  in  less  hot  water.  They  bum  with  brilliant 
Bcintillations  when  held  in  the  flame  of  a  candle.  The  solution  of  this  salt  is  a  deli- 
cate test  of  iron  in  the  state  of  protoxide,  throwing  down  from  its  salts  a  variety  of 
Prussian  blue,  in  which  the  3K  of  the  formula  are  replaced  by  3Fe.  Liebig  views 
the  red  prussiate  of  potassa  as  containing  a  salt-radical,  Ferricyanogen,  or  ferriJeya- 
nogen,  FcsCys,  differing  from  fcrrocyanogen  in  having  twice  its  atomic  weight  and 
in  being  tribasic. 

Cyanide  of  potassium ;  eq.  C5  or  812.5;  KCy.  —  The  preparation  of  this  salt  is 
attended  with  difficulty,  owing  to  the  action  of  the  carbonic  acid  of  the  air  upon  its 
solution,  which  evolves  hydrocyanic  acid,  and  the  tendency  of  the  solution  itself  to 
undergo  spontaneous  decomposition,  even  in  close  vessels.  It  may  be  formed  by 
adding  absolute  hydro<.^3'anic  acid,  or  a  ti^trong  solution  of  that  acid,  to  a  solution  of 
potassa  in  alcohol ;  a  portion  of  the  cyanide  falls  down  as  a  white  crystalline  preci- 
pitate, which  should  be  washed  with  alcohol  and  dried,  and  an  additional  quantity 
is  obtained  by  evaporating  the  liquid  in  a  retort  But  it  is  prepared  with  more 
advantage  from  the  ferrocyanide  of  potassium,  already  described.  That  salt  is  care- 
fully dried  and  reduced  to  a  fine  powder,  8  parts  of  which  are  mixed  with  3  parts 
of  carbonate  of  potassa  and  1  part  of  charcoal,  and  exposed  to  a  strong  red  heat  in  i 
closed  iron  crucible,  or  other  convenient  vessel.  The  mass  is  reduced  to  powder, 
placed  in  a  funnel,  moistened  with  a  little  alcohol,  and  then  washed  with  cold  water. 
The  strong  solution  of  cyanide  of  potassium  which  conies  through  is  colourless,  and 
must  be  rapidly  evaporated  to  dryness  in  a  porcelain  basin,  and  fused  at  a  red  heat 
The  crude  salt,  obtained  by  ignition  without  charcoal,  contains  a  little  cyanate  of 
potissa,  but  this  does  not  interfere  with  its  use  for  forming  and  dissolving  cyanides 
of  gold  and  silver,  for  the  processes  of  voltaic  gilding  and  plating. 

C3*anidc  of  pota.<.«ium  crystallizes  in  colourless  cubes,  which  become  opaqne  and 
deliquesce  in  danij)  air,  and  are  very  soluble  in  water.  It  bears  a  red  heat  withoat 
decomposition  in  close  vessels,  but  with  exposure  to  air  absorbs  oxygen,  and  beoomei 
cyanate  of  potassa  (KO.CyOj.  Its  solution  smells  of  hydrocyanic  acid,  being  de- 
composed by  carbonic  acid.  The  action  of  cyanide  of  potassium  upon  the  animil 
economy  is  equally  powerful  with  that  of  hydrocyanic  acid,  and  as  the  dry  salt  maj 
be  preserved  in  a  well-stopped  bottle  without  change,  it  is  preferable  to  the  acid, 
which  is  far  from  stable,  lied  oxide  of  mercury  dissolves  freely  in  the  solution  of 
cyanide  of  potassium,  cyanide  of  mercury  being  formed  and  potassa  set  free.    The 
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purity  of  the  alkaline  cyanide  may  be  ascertained  from  this  property;  12  grains  of 
the  pure  cyanide  dissolving  20  grains  of  finely-pulverised  oxide  of  mercury. 

Hydrocyanic  acid  for  medical  purposes  is  conveniently  prepared  from  this  cyanide. 
24  grains  of  cyanide  of  potassium,  56  grains  of  tartaric  acid  in  crystals,  and  1  ounce 
of  water,  are  agitated  together  in  a  stout  phial  closed  by  a  cork.  The  liquid  is  after- 
wards separated  by  filtration  from  the  precipitate  of  bi tartrate  of  potassa ;  it  contains 
10  grains  of  hydrocyanic  acid,  or  rather  more  than  2  per  cent.     (Dr.  Clark). 

^ulphocyanide  of  potassium  ;  K.CyS^j  1222.2  or  97.92.  —  Sulphocyanogen  is 
a  fialt-radical  consisting  of  2  cq.  sulphur  and  1  eq.  cyanogen,  which  is  formed  on 
fusing  the  fcrrocyauides  with  sulphur.  To  obtiin  it  in  combination  with  potassium, 
the  f»-'rrocyanide  of  potassium,  made  anhydrous  by  heat  and  reduced  to  a  fine  powder, 
is  mixofi  with  an  equal  weight  of  flowers  of  sulphur  in  a  common  cast-iron  pot  (pitch 
pot^),  and  kept  in  a  state  of  fusion  for  half  an  hour  at  a  temperature  above  the  melt- 
ing iX)int  of  sulphur,  but  below  that  at  which  bubbles  of  gas  escape  through  the 
melted  majjs.  No  cyanogen  is  evolved  or  decomposed,  and  the  residuary  matter  is 
a  mixture  of  sulphocyanide  of  potassium  and  protosulphocyanide  of  iron,  with  the 
excess  of  sulphur.  Both  sulphocyanides  dissolve  in  water,  and  give  a  solution  which 
is  c<»lourlc<s  at  first,  but  soon  becomes  red  from  oxidation  of  the  sulphocyanide  of 
iron.  To  get  rid  of  the  iron,  carbonate  of  pota»«sa  is  added  to  the  boiling  solution, 
so  long  as  a  precipitate  of  carbonate  of  iron  falls,  and  the  liquid  is  afterwards  filtered. 
This  solution  gives  crystals  of  sulphocyanide  of  potassium,  when  evaporated,  which 
may  Ix;  freed  from  any  adhering  carbonate  of  potassa  by  dissolving  them  in  alcohol. 
The  salt  crystallizes  in  long  white  striated  prisms,  which  are  anhydrous,  and  resemble 
Ditrato  of  potiissa  in  their  appearance  and  taste.  They  deli({uesce  in  a  damp  atmo- 
sphere, and  are  very  soluble  in  hot  alcohol,  from  which  the  salt  crystallizes  on 
cooling.  The  sulphoc3'anide  of  potas.<ium  communicates  a  blood-red  colour  to  solu- 
tions of  sjilts  of  sos(|uioxide  of  iron,  and  is  consequently  employed  as  a  i-cst  of  that 
metal  in  its  higher  state  of  oxidation.  The  red  solution  is  made  perfectly  colourless 
by  a  nK»dcrate  dilution  with  water,  when  the  iron  is  not  present  in  excess.  The 
sulph(X^yauide  of  potassium  has  been  detected  in  the  saliva  of  man  and  the  sheep. 

SALTS  OF   OXIDE   OF   POTASSIUM. 

Carlfonatc  of  potassa  ;  KO.CO^;  cq.  09  or  8G2.5.  —  This  useful  salt  is  princi- 
pally obtained  from  the  ashes  of  plaut.s.  ]N)tassa  is  always  contained  in  a  state  of 
combination  in  clay  and  other  minerals  which  form  the  earthy  part  of  soil,  and 
appears  to  be  a  constituent  of  soil  essential  to  vegetation.  The  alkali  is  appropriated 
by  plants,  and  is  found  in  their  sap  combined  with  vegetable  acids,  particularly  with 
oxalic  and  tartaric  acids;  also  with  silicic  and  sulphurio  acids,  and  as  chloride  of 
p)ta.«*r?ium.  AVhen  the  plants  are  dried  and  burned,  the  salts  of  the  vegetable  acids 
arc  destroyed,  and  leave  carbonate  of  potas.sa :  shrubs  yielding  three,  and  herbs  five 
times  as  much  saline  matters  as  trees ;  and  the  branches  of  trees  being  more  pro- 
ductive than  their  trunks — a  distribution  which  may  depend  upon  the  potassa  exist- 
ing chiefly  in  the  sap.  The  whole  ashes  from  wocxl  seldom  exceed  1  per  cent,  of  its 
weight,  of  which  l-6th  may  be  saline  matter.  The  solution,  evaporated  to  dryness, 
yields  potashes  ;  and  these,  partially  purified  and  ignited,  form  pearlash.  The  car- 
bonate is  mixed  in  the  latter  with  about  20  per  cent,  of  foreign  salts,  principally 
ciulphatc  of  potassa  and  chloride  of  potassium.  The  carbonate  of  potassa  is  obtained, 
in  a  state  of  greater  purity,  by  dissolving  pearlash  in  an  equal  weight  of  water,  then 
separating  the  solution  from  undissolved  salts,  and  evaporating  it  to  dryness. 

Carbonate  of  potassa  is  prepared  of  greater  purity  for  chemical  purposes,  by 
Igniting  bitartratc  of  pota.ssa ;  or  better,  by  burning  together  2  parts  of  that  salt  and 
1  of  nitre.  In  the  latter  process,  the  carbon  and  hydrogen  of  the  tartaric  acid  are 
destroyed  by  the  oxygen  of  the  nitric  acid,  and  carbonate  of  potassa  remains  mixed 
with  charcoal,  fmm  which  it  may  be  separated  by  solution  and  filtration. 

Carbonato  of  potassa  has  an  acrid,  alkaline  taste,  but  is  not  caustic.     It  gives  a 
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Fig.  168. 


green  colour  to  the  blue  infusion  of  cabbage.  This  Fait  is  highly  deliqne%ent,  and 
soluble  in  less  than  an  equal  weight  of  water  at  GO^.  It  maj  be  crystallizcil  with 
two  equivalents  of  water.  Added  to  solutions  of  salts  of  liinc,  lead,  &c,  it  throws 
down  insoluble  carbonates.  It  is  more  frequently  used  than  the  caustic  alkali,  to 
neutralize  acids  and  to  form  the  salts  of  potassa. 

Bicarbonate  of  potassa;  HO.COa  +  KCCO,;  eq.  100  or  1250. 
—  Formed  by  transmitting  a  stream  of  carbonic  acid  gas  through 
a  saturated  cold  solution  of  the  neutral  carVx^natc.  It  is  sc'luble 
in  four  tinios  its  weight  of  water  at  G0°,  and  in  less  water  at  212'. 
The  solution  has  au  alkaline  taste  and  reaction,  but  is  not  acrid; 
it  docs  not  thrown  down  magnesia  from  its  soluble  talts;  it  lii?ca 
carbonic  acid  when  evaporated  at  all  temperatures,  and  bocomi^ 
neutral  carbonate.  The  salt  contains  one  proportion  of  water, 
which  is  essential  to  it,  and  cr3'stallizes  well  in  prisms  of  eight 
FJdos,  having  dihedral  summits.  The  existence  of  a  sc«r|uicarbo- 
nate  of  potassa  is  doubtful. 

Sulphate  of  potassa  ;  KO.SO3 ;  eq.  87  or  1087.5.  —  This  salt 
precipitates  when  oil  of  vitriol  is  added,  dn^p  by  drop,  to  a  concen- 
trated solution  of  potassa.  It  is  generally  prepared  by  neutralizing 
the  rcjsiduo,  composed  of  bisulphatc  of  potassa,  of  the  nitric  acid 
pnxoss  ( page  200),  and  crystallizes  in  double  pyramids  of  six  faces, 
or  in  oblique  four-sided  prisms.  The  cryst.ils  arc  anhydrous,  an- 
altcrablc  in  air,  and  they  decrepitate  strongly  when  heated;  their 
density  is  2.400.  The  sulphate  is  one  of  the  least  soluble  of  th« 
neutral  salts  of  potassa:  100  parts  of  water  dissolve  8.0G  parts  of 
this  salt  at  32°,  and  O.OOOiJG  parts  more  for  each  degree  above  that  point 

Hydraled  hi  sulphate  of  potassa,  or  sulphate  of  tcater  and  potassa  ;  HO.SO,  + 
KO.SOjj  cq.  1*^6  or  170(»:  the  fusible  salt  remaining,  when  nitrate  of  potassa  ii 
decomposed  in  a  retort  by  two  equivalents  of  oil  of  vitriol.    IJelow  380.6°  (107°  C), 

it  is  a  white  crystalline  mass.     This  salt  is  very  soluble  in 
Fio.  170.  watiT,  but  is  partially  decomposed  by  that  liquid,  and  de- 

posits sulphate  of  potiLssa.  It  crystallizes  from  a  stnjng  solo- 
ti«>n  in  rhombohcdral  crystals,  of  which  the  form  is  identical 
witli  one  of  the  forms  of  sulphur.  But  this  salt  is  dimor- 
phous, and  crystallizes  from  a  state  of  fusion  by  heat  in  large 
crystals,  which  have  the  form  of  fulspar  (Mitscherlich).  lu 
density  is  2.1 0.'5.  Tlio  excess  of  acid  in  this  salt  acts  upon  metals  and  Alkaline 
basis  verv  much  as  if  it  were  free. 


for  its  fnrmation  an;  unknown. 

Sulplirito  of  potassa  combines  with  hydratcd  nitric  and  phosphoric  acids,  as  well 
VL^  with  hydratcd  sulphuric  acid.  On  dissolving  the  neutral  salt  in  nitric  acid,  1 
little  nitre  and  hy«irated  lii>ulphatc  of  p<»tassa  are  farmed,  with  a  large  quantity  of 


and  of  which  the  density  is  2.2iMi  ( Jaccjuclin).  Its  fornmla  is  3HO.P05  +  2(KO.SOJ. 
It  will  be  observed  that  both  tluiso  compounds  agree  with  Mr.  Phillips's  sosquuul- 
phate  in  liuving  2  ecj  sulphate  of  potassa  to  1  eq.  of  hydratcd  acid.  (Annaleade 
Chimie,  \xx.). 

XUrate  of  potassa,  Xitrc,  Saltpetre;  KO.NO5;  eq.  101  or  1262.6.  — Nilik 
acid  is  fornied  in  the  decomposition  of  animal  matters  containing  nitrogen,  whei 
they  are  exp  vH^d  to  air,  and  are  in  contact  with  alkaline  substances.    It  appeui 


I 
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itrutc  of  potassa  generally  crystallizes  in  long  stri- 

six-sidc<l  prisms,  is  anhydrous,  unalterable  in  the 
fusible  into  u  limpid  liquid  by  a  heat  under  rcd- 
,  in  which  condition  it  is  cast  in  moulds,  and  forms 
prunelle.  Its  density  is  1.933  (Dr.  Watson). 
)rding  to  Gay-Lussac  100  parts  of  water  dissolve 

parts  of  this  salt  at  32°,  29  parts  at  64.4°,  74.6 
«  at  96.8°,  and  236  parts  at  206.6°.  The  taste  of 
iolution  is  cooling  and  peculiar;  it  has  considerable 
eptic  properties.  Nitre  is  insoluble  in  absolute 
lol. 

rom  the  large  quantity  of  oxygen  which  nitre  contains,  and  the  facility  with 
b  it  imparts  that  clement  to  combustibles  at  a  red  heat,  it  is  much  employed  in 
ing  gunpowder  and  other  deflagrating  mixtures.  An  intimate  mixture  of  nitre 
DC  powder  with  one-third  of  its  weight  of  wood-charcoal,  when  touched  by  a 

in  ignition,  bums  with  great  brilliancy,  but  without  explosion.  A  mixture  of 
rt3  of  nitre,  2  of  dry  carbonate  of  potassa,  and  1  of  sulphur,  forms  pulvis  fuU 
tii5,  which,  heated  gently  till  it  enters  into  fusion,  inflames  suddenly,  and 
xles  with  a  deafening  report.  The  violence  of  the  explosion  is  caused  by  the 
ion  between  the  sulphur  and  nitre  being  instantaneous,  from  their  fusion  and 
!Ct  intermixture,  and  the  consequent  sudden  formation  of  much  nitrogen  gas 

the  decomposition  of  nitric  acid.     Gunpowder  contains  both  sulphur  and  char- 

of  which  the  former  serves  the  purpose  of  accelerating  the  process  of  dcflagra- 
and  supplying  heat,  while  the  latter  supplies  much  of  the  gas,  to  the  formation 
liich  the  available  force  of  the  explosion  is  due.  Gunpowder  yields  about  300 
s  its  volume  of  gas,  measured  when  cold ;  but  its  explosive  force  is  greater  than 
indicates,  from  the  high  temperature  of  the  gas,  and  not  less  than  1000  atmo- 
res.  The  ordinary  proportions  of  gunpowder  approach  very  nearly  1  eq.  <tf 
,  1  of  sulphur,  and  3  of  carbon,  as  will  be  seen  by  the  following  comparison :  — 


Composilion  of  Gunpowder. 
Theoretical  Mixture.  English. 

Sulphur 11.9  12.5  . 

Charcoal 13.5  12.5  . 


PruMian. 

..   11.5 
..  18.5 
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Bj  the  combustion  of  the  mixture,  carbonic  acid  and  nitrogen  gases  are  formed| 
with  a  solid  residue  of  protosulphide  of  potassium.     Thus :  — 

Deflagration  of  Gunpowder. 
Before  decomposition.  After  decomporitioiL 

3  Carbon 3  Carbon -^3  Carbonic  acid 

fG  Oxygen 

Nitrate  of  potassa-j  Nitrogen Nitrogen 

(^Potassium 

Sulphur Sulphur —       ^*"  Sulphide  of  potassinm. 

A  portion  of  the  potassa  is  always  converted  into  sulphate  of  potassa,  which  most 
interfere  with  the  exactness  of  this  decomposition.  Blasting  powder  is  composed  of 
20  sulphur,  15  charcoal,  and  65  nitre ;  the  proportion  of  sulphur  being  increased, 
by  which  a  more  powerfully  explosive  mixture  is  obtained,  but  which  is  not  suitable 
for  finxirnis,  as  they  aro  injured  by  an  excess  of  sulphur.  The  most  inflammable 
charcoal  is  employed  in  making  gunpowder ;  which  is  obtained  by  calcining  branches 
of  about  fths  of  an  inch  in  diameter,  in  an  iron  retort,  for  a  considerable  time,  at  i 
heat  scarcely  amounting  to  redness,  and  which  has  a  brown  colour  without  lustre. 
The  granulation  of  gunpowder  increases  its  explosive  force.  A  charge  is  thus  made 
sufficiently  porous  to  allow  flame  to  penetrate  it,  and  to  kindle  every  grain  compotdDg 
it  at  the  same  time.  But  still  the  discharge  of  gunpowder  is  not  absolutely  instan- 
taneous; and  it  is  remarkable  that  other  explosive  compounds  which  burn  more 
rapidly  than  gunpowder,  such  as  fulminating  mercury,  are  not  adapted  for  the  move- 
ment of  projectiles.  Their  action  in  exploding  is  violent  but  local ;  if  substitatei 
for  gunpowder  in  charging  ordinary  fire-arms,  they  would  shatter  them  to  pieces, 
and  not  project  the  ball.  It  is  a  common  practice  to  mix  with  the  charge  of  blast- 
ing powder,  used  in  mining,  a  considerable  bulk  of  sawdust,  which  renders  the  com- 
bustion of  the  powder  still  slower,  but  productive  of  a  sustained  effort,  most  eficctoal 
in  moving  large  masses. 

Chlorate  of  potassa;  KO.CIO5;  eq.  122.5  or  1531.25.  —This  salt  is  the  resuU 
of  a  reaction  between  chlorine  and  potassa,  which  has  already  been  explained  (pigs 
341).  In  the  preparation  of  chlorate  of  potassa,  a  strong  solution  of  two  or  thna 
pounds  of  carbonate  of  potassa  is  made,  and  chlorine  passed  through  it.  The  gu 
is  conducted  into  the  liquid  by  a  pretty  wide  tube,  or  better  by  a  tube  tenninated 
by  a  funnel,  to  prevent  its  being  choked  by  the  solid  salt  which  is  formed.  A  staie 
in  the  process  can  be  observed  before  the  liquid  has  discharged  much  carbonic  acMf 
when  bicarbonate,  chlorate,  and  hypochlorite  of  potassa  exist  together  in  solntioo, 
and  a  considerable  quantity  of  chloride  of  potassium  is  deposited.  The  latter  alt  h 
removed,  and  the  current  of  chlorine  continued  till  the  liquid,  which  is  often  red 
from  hypcrmanganic  acid,  becomes  colourless  or  yellow,  and  ceases  to  absorb  the  gis 
A  considerable  quantity  of  chlorate  of  potassa  is  deposited  in  tubular  shining  crystek 
which  aro  puriiied  by  solution  and  a  second  crystallization ;  and  more  of  the  saiiM 
salt  is  obtained  from  the  liquid  evaporated  and  set  aside  to  crystallize ;  the  sepan 
tion  of  the  chlorate  from  chloride  of  potassium  depending  upon  the  solubility  at  i 
low  temperature  of  the  former  salt  being  greatly  less  than  that  of  the  latter. 

The  chlorate  of  potassa  may  be  prepared  more  economically  by  exposing  to  1 
current  of  chlorine  gas  a  mixture  of  7.6  parts  of  carbonate  of  potassa,  and  16.f 
hydrate  of  lime  in  a  dry  or  only  slightly  damp  state.  Chlorate  of  potassa  is  formei 
with  carbonate  of  lime  and  chlondo  of  calcium.  The  mass  is  treated  with  boiliii! 
water,  which  dissolves  the  chloride  of  calcium  and  chlorate  of  potassa.  The  hUt 
salt  is  purified  by  crystallization.  It  is  stated  that  other  salts  of  potassa,  particular! 
the  sulphate,  may  be  substituted  for  the  carbonate  in  this  process ;  and  that  tb 
potassa  salt  and  lime  are  mixed  with  hot  water  when  exposed  to  the  chlorine  gas. 

This  salt  is  anhydrous.     It  appears  in  flat  cr}'stals  of  a  pearly  lustre,  of  which  tl 
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forms,  according  to  Brooke,  belong  to  the  oblique  prismatic  system.  Its  density  is 
1.9^9  (Ilassenfratz).  It  has  a  cooling,  diRagreeablo  taste,  like  that  of  nitre.  Ac- 
cording to  Gay-Lussac,  100  parts  of  water  dissolve  3  J  parts  of  chlorate  of  potassa  at 
32°,  0  at  59°,  12  at  95°,  19  at  120.2°,  and  60  at  219.2°,  the  point  of  ebullition 
of  a  .««iturated  solution.  This  salt  fu.ses  readily  in  a  glass  retort  or  tube,  enters  into 
ebullition,  and  discharges  oxygen  below  a  red  heat.  At  a  certain  period  in  the 
decomposition,  when  the  mass  becomes  thick,  hyperchloratc  of  potassa  is  formed,  but 
ultimately  chloride  of  potassium  is  the  .sole  residue. 

Clilorate  of  potassa  deflagrates  with  combustibles  more  violently  than  the  nitrate. 
A  grain  or  two  of  it  rubbed  in  a  warm  mortar  with  an  equal  quantity  of  sulphur, 
occasions  smart  explosions,  with  the  formation  of  sulphurous  acid  gas.  Inclosed 
with  a  little  phosphorus  in  paper,  and  struck  by  a  hammer,  it  produces  a  powerful 
explosion ;  but  this  experiment  may  be  attended  with  danger  to  the  operator  from 
the  projection  of  the  flaming  phosphorus.  A  mixture  which,  when  dry,  inflames  by 
percussion,  and  which  was  applied  to  lucifcr  matches,  is  composed  of  this  salt,  sul- 
phur, and  charcoal.  One  of  the  simplest  receipts  for  this  percussion  powder  consists 
in  washing  out  the  nitre  from  10  parts  of  ordinary  gunpowder  with  water,  and 
mixing  the  resulue  intimately,  while  still  humid,  with  5  J  parts  of  chlorate  of  potassa 
in  an  extremely  fine  powder.  This  mixture  is  highly  inflammable  when  dry,  and 
dangerous  to  prcscr\'e  in  that  state.  Phosphorus  and  nitre,  however,  are  now  moro 
generally  used  for  these  matches  (page  315).  More  chlorate  of  potassa  is  employed 
in  the  processes  of  calico-printing,  as  an  oxidizing  agent. 

Perchlorate  of  potassa ;  KO.CIO7;  eq.  138.5  or  1731.25.  —  Processes  for  pre- 
paring this  salt  have  already  been  described  under  perchloric  acid  (page  342).  It 
is  also  formed  in  a  strong  solution  of  chlorate  of  potassa  contained  in  the  decom- 
posing cell  of  a  voltaic  battery,  this  salt  l>eing  deposited  in  small  crystals  upon  the 
lincoid,  and  no  oxygen  liberated  there:  It  requires  55  parts  of  water  to  dissolve  it 
at  59^,  but  is  largely  soluble  in  boiling  water.  It  crystallizes  in  octohedrons  with 
a  srjuarc  base,  which  are  generally  small :  they  are  anhydrous.  It  deflagrates  less 
strongly  with  combustibles  than  the  chlorate,  loses  oxygen  at  400°,  and  is  com- 
pletely decomposed  at  a  red  heat,  chloride  of  potissium  being  left. 

lodate  of  potassa,  KO.IO5;  eq.  213.30  or  2007.  —  This  salt  may  be  formed  by 
neutralizing  the  chloride  of  iodine  with  carbonate  of  potassa,  instead  of  carbonate  of 
Boda  (p.  350).  It  gives  small  anhydrous  crystals,  which  fuse  by  heat  and  lose  all 
their  ox3'gen.  Iodic  acid  likewise  forms  a  biniodate  and  a  teriodate  of  potassa, 
according  to  Serullas.  (Annal.  dc  Chim.  et  de  Phys.  xliii.)  The  biniodate  is 
obtained  by  adding  an  aaditional  proportion  of  iodic  acid  to  a  solution  of  neutral 
iodate  saturated  at  a  high  temperature :  it  contains  an  equivalent  of  water,  but  may 
be  made  anhydrous  by  a  strong  heat,  according  to  my  own  observations.  It  occurs 
in  prisms  with  dihedral  summits,  and  requires  75  parts  of  water  at  59°  to  dissolve 
it  The  teriodate  is  obtained  on  mixing  a  strong  acid,  such  as  nitric,  hydrochloric, 
or  sulphuric,  with  a  hot  saturated  solution  of  the  neutral  iodate,  and  allowing  it  to 
cool  slowly.  It  crystallizes  in  rhombohedrons,  and  requires  25  parts  of  water  to 
dissolve  it. 

Scrullas  has  observed  that  the  biniodate  of  potassa  has  a  great  disposition  to  form 
double  salts.  A  compound  with  chloride  of  potassium^  to  which  he  assigned  the 
formula  KCI  +  KO.I2O10,  is  obtained  on  adding  a  little  hydrochloric  acid  to  a  solu- 
tion of  iodate  of  potassa,  and  allowing  the  solution  to  evaporate  spontaneously.  This 
Bait  crystallizes  well,  but  afterwards  loses  its  transparency  in  the  air.  It  is  decom- 
posed by  water,  and  cannot  be  formed  by  uniting  its  constituent  salts.  Another 
compound  contains  bisulphatc  of  potassa :  KO.S/Je  +  KO.IgOio.  These  compounds 
of  iodic  acid  have  also  been  lately  examined  by  M.  Millon. 
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SECTION  II. 


SODIUM. 

Syn.  J^Tatrium.    Eq.  23  or  287.5;  Na, 

Davy  obtained  this  metal  by  the  voltaic  decomposition  of  soda,  immediately  af^er 
the  discovery  of  potassium.  An  intimate  mixture  of  charcoal  and  carbonate  of  soda 
is  formed  by  calcining  acetate  of  soda,  from  which  sodium  is  commonly  prepared, 
according  to  the  method  described  for  potassium,  and  with  greater  facility,  owing  to 
the  lower  affinity  of  sodium  for  oxygen.     [^Sce  Supplement^  p.  806.] 

Sodium  is  a  white  metal  having  the  aspect  of  silver.  Its  density  is  0.972,  at  50°, 
according  to  Gay-Lussac  and  Thenard.  This  metal  is  so  soft,  at  the  usual  tcmponi- 
ture,  that  it  may  be  cut  with  a  knife,  and  yields  to  the  pressure  of  the  fingers ;  it  is 
quite  liquid  at  194^.  It  oxidates  spontaneously  in  the  air,  although  not  so  quickly 
as  potassium ;  and  when  heated  nearly  to  redness  takes  fire  and  bums  with  a  yellow 
flame.  Thrown  upon  water,  it  oxidates  with  great  vivacity,  but  without  inflamiDg, 
evolving  hydrogen  gas,  and  forming  an  alkaline  solution  of  soda.  When  a  few  drops 
only  of  water  are  applied  to  sodium,  it  easily  becomes  sufficiently  hot  to  take  fire. 

As  potassium  is  in  some  degree  characteristic  of  the  vegetable  kingdom,  so  sodium 
is  the  alkaline  metal  of  the  animal  kingdom,  its  salts  being  found  in  all  aniiuil 
fluids.  Both  of  these  elements  occur  in  the  mineral  world ;  of  the  two,  perhaps 
potassium  is  most  extensively  diffused ;  felspar,  the  most  common  of  minerals,  con- 
taining 12  per  cent,  of  potassa,  but  from  the  existence  everywhere  of  a  soluble 
compound  of  sodium,  its  chloride,  the  sources  of  that  element  arc  the  more  accessi- 
ble, if  not  the  most  abundant. 

The  anhydrous  protoxide  of  sodium  and  the  peroxide  arc  prepared  in  the  same 
manner  as  the  corresponding  oxides  of  potassium,  which  they  greatly  resemble  in 
properties.  The  composition  of  the  peroxide  of  sodium,  however,  is  different,  being 
expressed  by  the  formula  2Na+80  (Thenard).  It  is  supposed  by  M.  MiUon  to  be 
Na+20. 

COMPOUNDS  OF  SODIUM. 

Soda;  NaO;  eq.  31  or  887.5. — A  solution  of  soda  is  obtained  by  deoomponog 
the  crystallized  carbonate  of  soda,  dissolved  in  four  or  ll\e  times  its  weight  of  watOi 
by  means  of  half  its  weight  of  hydrate  of  lime ;  the  same  points  being  attended  to 
as  in  the  preparation  of  potassa.  A  preference  is  given  to  this  alkali  from  ita  cheaj^ 
ness,  for  most  manufacturing  purposes,  and  in  the  laboratory  it  may  frequently  bi 
substituted  for  potassa,  where  a  caustic  alkali  is  required.  On  the  large  scale  it  ii 
prepared  from  salts  of  soda,  a  carbonate  containing  chloride  of  sodium  and  solphati 
of  soda.  The  solution  of  soda  is  purified  from  these  salts  by  concentrating  it  consi- 
derably, upon  which  the  foreign  salts  cease  to  be  soluble  in  the  liquid,  and  pndp^ 
tate.     (iMr.  W.  Blythe). 

The  following  tabic,  constructed  by  Dr.  Dalton,  exhibits  the  quantity  of  caustic 
soda  in  solutions  of  dificrcnt  densities : — 

Solution  of  Caustic  Soda. 


Density  of  tlie  Sola- 

tiOD. 

Alkali  per  cent. 

Density  of  the  Solu- 
tion. 

Alkali  p«r  ocDt 

200 

77-8 

1-40 

290 

1-85 

03-6 

1-36 

260 

1-72 

C3-8 

1-32 

230 

103 

40G 

1-29 

19-0 

1-56 

41-2 

1-28 

16-0 

lOO 

30-8 

1-18 

13-0 

1-47 

84-0 

1-12 

0-0 

1                1-44 

810 

106 

4-7 
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TliO  solid  hydrate  of  soda  is  obtained  by  evaporating  a  solution  of  soda,  precisely 
in  the  same  manner  as  the  corresponding  preparation  of  potassa.  It  is  soluble  in  aJJ 
proportions  in  water  and  alcohol. 

Soda  is  distinguished  from  potassa  and  other  bases  by  several  properties: — 1st. 
All  it,s  salts  are  soluble  in  water,  and  it  is  therefore  not  precipitated  by  tartaric  acid, 
chloride  of  platinum,  or  any  other  reagent.  2d.  With  sulphuric  acid  it  affords  a 
salt  which  crystallizes  in  large  efflorescent  prisms,  citsily  recognised  as  Glauber's 
salt.     3d.  Its  salts  comniunieute  a  rich  yellow  tint  to  flame. 

Sulphidis  of  sodium.  —  These  compounds  so  closely  resemble  the  sulphides  of 
potassium  as  not  to  re([uire  a  particular  description.  The  protosulphide  of  sodium 
crystallizes  from  a  strong  solution  in  octohedrons.  This  salt  contains  water  of 
cry!4tallization  ;  in  contact  with  air  it  rapidly  passes  into  caustic  soda,  and  the  hypo- 
sulphite of  the  same  base. 

Chloride  of  sodium.  Sea  sally  Common  salt,  NaCl;  eq.  58.5  or  731.25. — Sodium 
takes  fire  in  chlorine  gas,  and  combining  with  that  element,  produces  this  salt.  The 
chloride  of  sodium  is  also  formed  on  neutralizing  hydrochloric  acid,  by  soda  or  its 
carbonate,  and  is  obtained  thus  in  the  greatest  purit}'.  Sea-water  contains  2.7  per 
cent,  of  chloride  of  sodium,  which  is  the  most  cousidenible  of  its  saline  constituents: 
(analysis  of  sea-water,  page  242).  Salt  is  obtained  from  that  source  in  warm 
climates,  as  at  St.  Ubos,  in  Portugal,  on  the  coast  of  the  Mediterranean  near  Mar- 
Ecillcs,  and  other  places  where  spontaneous  evaporation  proceeds  rapidly ;  the  sea- 
water  being  retained  in  shallow  basins  or  canals,  on  the  surface  of  which  a  saline 
crust  forms,  with  the  progress  of  evaporation,  which  is  broken  and  raked  out.  Sea- 
water  is  also  evaporated  artificially,  by  means  of  culm,  or  waste  coal,  as  fuel,  on  some 
parts  of  the  coa^t  of  Britain,  but  as  much  for  the  sake  of  the  bitlem  as  of  the 
common  salt  it  affords.  The  evaporation  is  not  carried  to  dryness,  but  when  the 
greater  part  of  the  chloride  of  sodium  is  deposited  in  crystals,  the  mother  liquid, 
which  fiirms  the  bittern,  is  drawn  off;  it  is  the  source  of  a  portion  of  the  Epsom 
salt  and  other  mngnesian  preparations  of  commerce.  Other  inexhaustible  sources 
of  common  salt  are  the  beds  of  sal-gem  or  rock  salt,  which  occur  in  several  geologi- 
cal fonnationa  posterior  to  the  coal,  as  at  Northwich  in  Cheshire,  in  Spain,  Poland, 
and  many  other  Iwalities.  These  beds  appear  to  have  been  formed  by  the  evapora- 
tion of  salt  lakes  without  an  outlet,  in  which  the  saline  matter,  continually  supplied 
by  rivers,  had  accuumlatod,  till  the  water  being  saturated,  a  deposition  of  salt  took 
place  upon  the  bottom  of  the  lake.  The  Dead  Sea  is  such  a  lake,  and  the  bottom 
of  it  is  found  to  be  covererl  with  salt.  The  salt  is  sometimes  sufficiently  pure  for  its 
ordinary  uses,  as  it  is  tjiken  from  these  deposits,  but  more  generally  it  is  coloured 
brown  from  an  admixture-  of  clay,  and  requires  to  be  purified  by  solution  and  filtra- 
tion. Instead  of  sinking  a  shaft  to  the  bed  of  the  rock  salt,  and  mining  it,  the 
superior  strata  are  often  pierced  by  a  bore  of  merely  a  few  inches  in  diameter,  by 
which  water  is  admitted  to  the  bed,  and  the  brine  formed  drawn  off  by  a  pump  and 
pipe  of  copper  suspended  in  the  same  tubular  opening. 

Chloride  of  sodium  crystallizes  from  solution  in  water  in  cubes,  and  somctiiaes 
from  urine  and  liquids  containing  phosphates  in  the  allied  form  of  the  regular  octo- 
bcdron.  Its  cryst^ds  are  anhydrou.*^,  but  decrepitate  when  heated,  from  the  expaur 
Bion  of  water  confined  between  their  plates.  According  to  Fuchs,  pure  chloride  of 
sodium  has  exactly  the  s^inie  degree  of  solubility  in  hot  and  cold  water,  requiring 
2.7  parts  of  water  to  dissolve  it  at  all  temperatures ;  but  it  has  been  proved  by  Gay- 
Lu&'tac,  and  al.<o  by  I'oggiulo,  that  the  solubility  of  this  salt  increases  sensibly, 
although  not  cous»iderably,  with  the  temperature.  According  to  Poggialo  100  parts 
of  water  diss^dve  of  chloride  of  srwlium  35.52  parts  at  32°;  35-87  parts  at  57.2 
(14^  C);  39.01  parLs  at  212*»  (100°  C);  and  40.35  parts  at  229.46°  (109-7°  C), 
the  temperature  of  ebullition  of  a  s:iturated  solution  (Annales  de  Ch.  3mc  Ser.  viii. 
469).  Gay-Lussac  also  makes  the  boiling  point  of  a  saturated  solution  229.5°,  but 
that  temperature  is  too  high  (I  believe)  for  a  solution  of  pure  chloride  of  sodium. 
When  a  saturated  solutioa  is  exposed  to  a  low  tompcraturo  between  14°  and  5°|  the 
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salt  crystillizes  ia  hexagonal  tables,  which  have  two  sides  larger  than  the  othen. 
Fuchs  found  these  crystals  to  contain  6,  and  Mitschcrlich  4  equiYalents  of  water. 
If  their  temperature  is  allowed  to  rise  above  14^,  they  undergo  decompositioD,  and 
are  converted  into  a  congeries  of  minute  cubes,  from  which  water  separates. 

The  little  increase  of  the  solubility  of  chloride  of  sodium  at  a  high  temperatnrey 
makes  it  impossible  to  crystallize  this  salt  by  cooling  a  hot  solution,  Dut  Mr.  Arrott 
finds  that  with  the  addition  of  chloride  of  calcium  to  the  solution,  a  greater  ineqnalitj 
of  solubility  at  high  and  low  temperatures  takes  place,  and  a  portion  of  the  chloride 
of  sodium  crystallizes  from  a  hot  saturated  solution  on  cooling.  In  the  evaporatioa 
of  brine  for  salt,  certain  inconveniences  attend  the  deposition  of  salt  from  the  boiling 
solution,  which  Mr.  Arrott  proposes  to  obviate  by  the  presence  of  chloride  of  cal- 
cium. 

Pure  chloride  of  sodium  has  an  agreeable  saline  taste,  deliquesces  slightly  in 
damp  weather,  and  dissolves  largely  in  rectified  spirits,  but  is  very  slightly  soluble 
in  absolute  alcohol.  Its  density  is  2.557  (Mohs).  It  fuses  at  a  bright  red  heat, 
and  at  a  higher  temperature  rises  in  vupour.  It  is  immediately  decomposed  by  oil 
of  vitriol,  with  the  evolution  of  hydrochloric  acid.  liesidcs  being  used  as  a  season- 
ing for  food,  chloride  of  sodium  is  employed  in  the  preparation  of  the  sulphate  and 
carbonate  of  soda.  When  ignited  in  contact  with  clay  containing  oxide  of  iron,  the 
soilium  of  this  salt  becomes  soda,  and  unites  with  the  silica  of  the  clay,  while  the 
chlorine  combines  with  iron,  and  is  volatilized  as  sesquichloridc  of  iron.  On  thij 
decomposition  is  founded  the  mode  of  communicating  the  salt-glaze  to  pottery :  s 
quantity  of  salt  is  thrown  into  the  kiln,  where  it  is  converted  into  vapour  by  the 
heat,  and  condensing  upon  the  surface  of  the  pottery  causes  its  vitrification,  which 
is  attended  with  the  formation  of  hydrochloric  acid,  and  of  sesquichloride  of  iron, 
if  sesquioxide  of  iron  be  present.  When  chloride  of  sodium  and  silica,  both  dry, 
are  heated  together,  no  decomposition  takes  place;  but  if  steam  is  pa.ssed  over  the 
mixture,  hydrochloric  acid  is  evolved  and  silicate  of  soda  formed.  These  decompo- 
sitions are  represented  by  the  following  equations: — 

SiOa  and  8NaCl  and  FoA=3NaO.Si05  and  FcaCl, 
SiOa  and  NaCl  and  IIO=NaO.Si03  and  HCl. 

The  second  reaction  has  not  been  applied  successfully  to  the  preparation  of  sodi 
from  the  chloride  of  sodium,  owing,  it  is  said,  to  the  vitrification  of  the  silicate  of 
soda  produced,  which  covers  the  undecomposed  chloride  of  sodium,  and  protects  it 
from  the  steam.  Mr.  Tilghman  substitutes  for  the  silica  precipitated  alumina,  which 
is  made  up  into  balls  with  the  chloride  of  sodium,  and  exposed  to  steam  in  a  rcver 
bcratory  furnace  at  an  elevated  temperature.  Hydrochloric  acid  escapes,  and  tn 
aluminate  of  soda  is  formed,  which  may  be  decomposed,  when  cold,  by  dry  carbonic 
acid;  tlic  carbonate  of  soda  is  dissolved  out  by  water;  the  alumina  is  made  up  agaii 
into  balls  with  chloride  of  sodium,  to  be  ignited  and  decomposed  by  steam  as  befoie 

The  bromide  and  iodide  of  sodium  cr}'stallize  in  cubes,  and  resembh 

Fio.  172.      in  properties  the  corresponding  compounds  of  potassium. 
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Carbonate  of  soda;  NaO.COj+lOIIO;  eq,  53  +  90,  ^662.54 
1125.  —  Tiiis  useful  salt  is  found  nearly  pure  in  commerce,  in  Itn 
crystals,  which  efilorcsce  when  exposed  to  air.  These  crystals  oootio 
10  equivalents  of  water,  and  consist^  in  100  parts,  of  21.81  soda 
15.43  carbonic  acid,  and  62.76  water.  According  to  Dr.  Thomsn 
they  generally  contain  about  \  per  cent  of  sulphate  of  sodft  as  C 
accidental  impurity :  they  belong  to  the  oblique  prismatic  syrtea 
Their  density  is  1.623:  100  parts  of  water  dissolve  20.64  ti  th 
crystals  at  58.25°,  and  more  than  an  equal  weight  at  the  boiliii 
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temperature  (Dr.  Tliomson).  In  warm  weather,  the  carbonate  of  soda  somctimea 
crystallizes  in  another  form,  which  is  not  efflorescent,  and  of  which  the  proportion 
of  water  is  8  Cfjuivalents.  The  ordinary  crystals,  by  efflorescing  in  dry  air,  are  re- 
duced to  a  hydrate  of  6  equivalents  of  water,  NaO.COa+6IIO.  The  same  hydrate 
appears  when  a  solution  of  carbonate  of  soda  is  made  to  crystallize  at  93**  (34°  C.)f 
in  crystals  derived  from  an  octohedron  with  a  square  base.  Again,  a  solution  of 
this  salt  evaporated  between  158°  and  176°  (70°  and  80°  C.),  deposit*  quadrilateral 
crystals,  containing  1  equivalent  of  water,  or  14.77  per  cent.  Carbonate  of  soda, 
therefore,  appears  to  be  capable  of  forming  four  definite  hydrates,  containing  HO, 
5H0,  8110,  and  lOHO.     The  density  of  the  anhydrous  salt  is  2.609  (FilhoT). 

The  solubility  of  the  carbonate  of  soda,  supposed  to  be  anhydrous^  at  varioiis 
temperatures,  was  observed  by  M.  Poggiale  to  bo  as  follows : — 

100  pnrta  of  water  at  82<>  (O®  C.)  dissolve  7.08  of  carbonate  of  soda. 
100     ••  •*         600(100  C.)      "      16.GG  •«  «« 

100     "  "  08°  (20o  C.)      "      25.83  "  «« 

100    "  ««  8«o  (30o  C.>     "      85.90  "  •« 

100    "  ««    210.2®  (104°  C.)    "      48.50  "  " 

To  obtain  such  determinations  of  the  solubility  of  a  salt  at  a  ffiven  temperaturo^ 
water  is  kept  in  contact  with  a  considerable  excess  of  the  salt  in  the  state  of  powder 
for  at  least  half  an  hour,  at  the  fixed  temperature,  with  occasional  agitation.  About 
two  ounces  of  the  solution  is  then  transformed  into  a  light  glass  flask  (fig.  173)|  and 
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after  being  accurately  weighed,  is  evaporated  either  over  the  gas,  or  by  a  small 
fumaoe,  taking  care  to  hold  the  neck  at  an  angle  of  45°,  to  avoid  drops  of  fluid 
being  thrown  out  by  the  ebullition.  After  the  salt  is  dry,  the  heat  is  still  continued, 
to  expel  the  water  of  crystallization,  the  escape  of  the  latter  being  promoted  by 
bloinng  air  gently  into  the  flask  while  hot  by  means  of  bellows  having  a  bent  ghasa 
tube  attached  to  tlio  nozzle.     [«Srr  Supplement,  p.  807.] 

This  salt  has  a  disagreeable  alkaline  taste.  When  heated,  it  undergoes  the  watery 
fusion ;  its  water  is  soon  dissipated,  and  a  white  anhydrous  salt  remains,  which  again 
becomes  liquid  at  a  red  heat,  undergoing  then  the  igneous  fusion,  and  by  a  greater 
heat  it  loees  no  carbonic  acid.  A  mixture  of  carbonates  of  potassa  and  soda  is  more 
fusible  than  either  salt  separately. 

Carbonate  of  soda  is  decomposed  at  a  bright  red  heat  by  the  vapour  of  water, 
which  disengages  all  the  carbonic  acid,  and  produces  hydrate  of  soda,  NaO.HO. 
The  carbon  of  its  acid  is  also  set  at  liberty  by  phosphorus  at  a  high  temperature, 
and  the  phosphato  of  soda  formed.  Lime,  baryta,  strontia,  and  magnesia,  decompose 
•  solntion  of  carbonate  of  soda,  assuming  its  carbonic  acid  and  liberating  soda. 

Oarbonate  of  soda  is  mann&cturcd  by  a  process  which  will  be  described  immo- 
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diatcly  under  tlie  head  of  nulplmte  of  soda.  Mncli  of  the  carbonate  of  commcn 
iii  not  cryatalliicd,  but  umply  evaporated  to  Atyttaa,  and  ts  then  Inowo  as  laltt  q 
toda,  toiia-ia.lt,  or  sodn-ash.  lu  this  form  it  generally  containa  chloride  of  eodnu 
eulpijiitc  of  soda,  hydnitc  of  soda,  and  often  insoluble  matter,  and  rarics  coosida 
ably  in  value.  The  soda  vhich  is  caustic,  and  that  in  coinbiDation  vilb  carbon 
acid  olono  of  the  acids,  ore  available  in  the  application  of  the  salt  as  as  alkalin 
Bub^tancc.  Tbo  pure  anhydrous  carbonate  of  soda  consists  of  58. 5S  soda  and  -11.4 
carbonic  acid,  pnd  the  best  soda-salts  of  commerce  contain  from  50  to  53  per  eeai 
of  aviiiUblc  soda.  The  operation  of  ascertaining  the  proportion  of  alkali  in  tbd 
salts,  and  in  other  forms  <if  the  curbonBtfl  of  soda,  is  a  process  of  iaiportance  tm 
its  frc(|ucnt  occurrence,  and  of  high  interest  and  value  as  a  gcDcral  method  o 
analysis  of  easy  execution,  and  applicable  to  a  great  variety  of  substaaccs.  I  shal 
therefore  describe  niiiiutcly  the  mode  of  conducting  it. 

ALKALIUETRT. 

The  experiment  is,  to  find  hov  many  measures  of  a  diluted  acid  are  required! 
destroy  the  alkaline  reaction  of,  and  to  neutralize  100  grains  of  a  specimen  of  ^odi 
salt.  (1.)  Tiie  acid  is  measured  in  the  alkalimcter,  which  is  a  straight  glass  tubi 
or  very  narrow  jar,  with  a  lip  (fig.  174),  about  5-8ths  of  an  inch  in  width,  and  !■ 
>r  15  inches  in  hcij^lit,  generally  mounted  upon  a  foo^  which  ia  by  no  means  id 

vantagcous,  as  a,  (fig.  175),  capable  of 
Fiu.  174.   containing  at  least  1000  grs.  of  water.  Fio.  175. 

It  is  graduated  into  100  parts,  each  of 
which  holds  ten  grains  of  water.  In 
the  operation  of  dividing  such  an  instru- 
ment, it  is  more  convenient  to  use  mea- 
sures of  mercury  than  water, — 135. OS 
grains  of  mercury  being  in  bulk  equal 
to  10  grains  of  water,  C78.40  groins 
will  be  equal  to  50  grains  of  water.  A 
unit  measure  may  be  formed  of  a  pipette, 
h,  made  to  bold  the  last  quantity  of 
uiercurj',  into  which  the  metal  is  poured, 
the  opening  at  the  point  of  the  pipetto 
being  closed  by  the  fin^r,  and  the 
beiglit  of  the  mercury  in  the  tube 
marked  by  a  scratch  on  the  glass  made 
by  a  triangular  file.     The  bulk  of  twice 

that  quantity  of  mercury,  or  100  water  grain  measures,  may  likewise  h 
marked  upon  the  tnbc.  The  former  quantity  of  mercury  is  Uien  deculc' 
from  the  tube  into  the  alkalimetcr  to  be  graduated,  and  a  Kratch  nidi 
upon  the  latter  at  the  mercury  surface  :  this  is  h  of  the  10-graiii  waU 
Another  measure  is  added,  and  its  height  marked )  and  the  lume  r 
peatLil  till  20  measures  of  mercury  in  all  have  been  added,  which  are  100  ten-gni 
water  measures.  The  subdivision  of  e.ich  of  these  measures  into  5  is  best  maJeh 
the  eye,  and  is  also  marked  on  the  alkalimelcr.  The  divisions  arc  lastly  numbeni 
0,5, 10,  &o.,  counting  fnnn  above  downwards,  and  terminating  with  100  on  tfaeidt 
of  liie  instrument.  Several  alkuliinetcrs  may  be  graduated  at  the  aamo  time,  «id 
little  more  trouble  than  one,  the  measured  quanUties  of  mercury  being  transfena 
from  one  to  the  others  in  succession. 

(2.)  To  form  the  tcr.t  acid,  4  ounces  of  oil  of  vitriol  are  diluted  with  20  omM 
of  water;  or  larger  cfuanticics  of  acid  and  water  are  mixed  in  these  propoitiiai 
About  three-fourths  of  aa  ounce  of  bicarbonate  of  soda  is  heated  strongly  by  a  Iw) 
for  an  hour,  to  obtain  pure  carbonate  of  soda;  of  which  171  graios  arc  immi  "  ~ '' 
weighed}  that  quantity,  or  more  properly  170.6  grains,  coDtsiaiDg  100  j 
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soda.  This  portion  of  carlx>n:ite  of  sorla  is  dissolved  in  4  or  5  ounces  of  Lot  water, 
contiiined  in  a  basin,  and  kept  in  a  state  of  gentle  ebullition ;  and  the  alkalimetcr  is 
tilled  up  to  0  with  the  dilute  acid.  The  nieasureil  acid  is  poured  gradually  into  the 
s<xla  solution,  till  the  action  of  the  latter  upon  test-paper  ceases  to  be  alkaline,  and 
becomes  distinctly  acid,  and  tlie  measures  of  acid  necessary  to  produce  that  change 
accurately  observed.  The  last  portions  of  the  acid  must  be  carefully  added  by  a 
single  drop  at  a  time,  which  is  most  easily  done  by  using  a  short  glass  rod  to  conduct 
the  stream  of  acid  from  tlie  lip  of  the  alkalimetcr.  It  may  probably  require  about 
90  measures.  But  it  is  convenient  to  have  the  acid  exactly  of  the  strength  at  which 
100  measures  of  it  saturate  100  grains  of  soda.  A  plain  cylindrical  jar,  c,  of  which 
the  capacity  is  a!)out  a  pint  and  a  half,  is  graduated  into  100  parts,  each  containing 
lOO  grain  measures  of  water,  or  ten  times  as  much  as  the  divisions  of  the  alkalimetcr. 
The  divisions  of  this  jar,  however,  are  numbered  from  the  bottom  upwards,  as  is 
usual  in  measures  of  capacity.  This  jar  is  filled  up  with  the  dilute  acid  to  the  extent 
of  00,  or  whatever  number  of  the  alkalimetcr  divisions  of  acid  were  found  to  neu- 
tralize 100  grains  of  soda;  and  icaicr  is  added  to  make  up  the  acid  liquid  to  100 
measures.  Such  is  the  test  acid,  of  which  100  alkalimetcr  measures  neutralize,  and 
arc  equivalent  to,  100  grains  of  soda;  or  1  measure  of  acid  to  1  graiu  of  soda.  It 
is  transferred  to  a  stock  bottle.  The  remainder  of  the  original  dilute  acid  is  diluted 
with  water  to  an  equal  extent,  in  the  same  instrument,  and  added  to  the  bottle.  The 
density  of  this  acid  is  1.0995  or  1.0998,  which  is  sensibly  the  same  as  1.1.  The 
proti>hydrate  of  sulphuric  acid  diluted  with  5J  times  its  weight  of  water,  gives  this 
test  acid  exactly ;  but  as  oil  of  vitriol  varies  in  strength,  it  is  better  to  form  the  test 
acid  exactly ;  but  as  oil  of  vitriol  varies  in  strength,  it  is  better  to  form  the  test  acid 
in  the  manner  described  than  to  trust  to  that  mixture.  Twenty-two  measures  of  the 
test  acid  should  neutralize  100  grains  of  cr.  carbonate  of  soda;  and  58|  measure.% 
100  grains  of  pure  anhydrous  carbonate  of  soda. 

(3.)  In  applying  the  test- acid,  it  is  poured  from  the  alkalimetcr,  as  before,  upon 
100  grains  of  the  soda-salt  to  be  tested,  dissolved  in  two  or  three  ounces  of  hot 
water,  the  liquid  being  well  stirred  by  a  glass  rod  after  each  addition  of  acid.  The 
salt  cf>ntains  so  many  grains  of  soda  as  it  requires  measures  of  acid  to  neutralize  it; 
and,  therefore,  so  much  alkali  per  cent.  The  first  trial,  however,  should  only  be 
considered  an  approximation,  as  much  greater  accuracy  will  be  obtained  on  a  repeti- 
tion of  it.  The  experiment  is  often  made  in  tlie  cold,  but  it  is  very  advantageous 
to  have  the  alkaline  solution  in  a  basin,  in  which  it  is  heated  and  evaporated  during 
the  addition  of  the  test-acid.  The  indications  of  tlie  test-paper  then  become  greatly 
more  clear  and  decisive,  both  from  the  expulsion  of  the  carbonic  acid  and  the  con- 
centration of  the  solution.  With  such  precautions  the  proportion  of  soda  may  bo 
determined  to  0.1  grain  in  100  grains  of  salt^  and  an  alkalimetrical  determination, 
made  in  a  few  minutes,  is  not  inferior  in  precision  to  an  ordinary  analysis. 

If  tlie  .soda-salt  is  mixed  with  insoluble  matter,  its  solution  must  be  filtered  before 
tbc  test-acid  is  applied  to  it.  In  examining  a  soda-f^lt  which  blackens  salts  of  lead, 
and  contains  carbonate  of  soda  with  sulphide  of  sodium  and  hyposulphite  of  soda, 
100  grains  arc  tested  as  above,  and  the  whole  alkali  in  the  salts  thus  determined. 
A  neutral  solution  of  chloride  of  calcium  is  also  added  in  excess  to  the  solution  of  a 
Fecond  hundred  grains,  by  which  the  carbonate  of  soda  is  converted  into  chloride  of 
sodium,  while  carbonate  of  lime  precipitates.  The  filtered  liquid  is  still  alkaline, 
and  contains  all  the  8ul{)hide  of  sodium  and  hyposulphite  of  soda ;  the  quantity  of 
soda  corresponding  with  which  is  ascertained  by  means  of  the  test-acid.  This  quan- 
tity is  to  bo  deducted  from  the  whole  quantity  of  alkali  observed  in  the  first  ex- 
periment. 

Borax  may  be  analysed  by  the  same  test-acid,  and  will  be  found,  when  pure,  to 
contain  1G.37  per  cent,  of  soda.  The  carbonates  of  potassa  may  also  be  examined 
by  the  same  means ;  but  the  per  centage  of  alkali  must  then  be  estimated  higher 
than  the  measures  of  acid  neutralized,  in  the  proportion  of  the  equivalent  of  soda  to 
that  of  potassa,  which  are  to  each  other  as  31  to  47. 
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The  test-paper  employed  in  alkalimetry  must  be  delicate.  It  should  be  prepared 
on  purpose,  by  applying  a  filtered  infusion  of  litmus  several  times  to  good  letter- 
paper  (not  unsized  paper),  and  drying  it  after  each  immersion,  till  the  paper  b  of  t 
distinct  but  not  deep  purple  colour.  If  the  test-acid  be  added  to  the  alkaline  solu- 
tion in  the  cold,  the  operator  must  make  himself  fiuniliar  with  the  difference  between 
the  slight  reddening  of  his  test-paper  by  carbonic  acid  which  is  disengaged,  and  the 
unequivocal  reddening  which  is  produced  by  the  smallest  quantity  of  a  strong  acid. 
The  former  is  a  purple  or  wine-red  tint;  the  latter  a  pale  or  yellow  red,  without 
blue,  like  the  skin  of  an  onion. 

Metltod  of  Gay-Latssac. — The  directions  for  proceeding  given  by  M.  Gay-Lossac 
are  recommended  by  the  general  utility  of  the  French  measures  employed  for  scicn- 
tifio  purposes.  It  is  commercial  potassa  which  b  supposed  to  be  examined,  and  its 
value  is  expressed  in  anhydrous  oxide  of  potassium. 

The  acid  employed  is  the  sulphuric,  as  before,  of  which  5  grammes  at  its  maxi- 
mum of  conccntAtion,  that  is,  the  acid  HO.SO3,  are  taken  as  a  unit.  This  quantity 
of  acid  is  diluted  with  water,  so  that  the  mixture  occupies  fifty  cubic  centimetcrsi,  or 
one  hundred  half  cubic  centimeters.^  It  is  capable  of  neutralizing  4.816  grammes 
of  pure  potassa,  and  one-half  cubic  centimeter  of  the  dilute  acid  will  consequently 
indicate  0.04816  gramme  of  potassa. 

To  prepare  the  normal  acid  fluids  as  the  test-acid  is  called,  it  is  necessary  to  have 
the  pure  monohydratcd  sulphuric  acid.  The  acid  sold  as  distilled  sulphuric  acid  is 
sufficiently  free  from  fixed  impurities,  but  generally  contains  a  little  water  in  cxcesa. 
By  evaporating  off  one-fourth  of  this  acid,  the  remaining  three-fourths  are  left  of  the 
maximum  degree  of  concentration.  One  hundred  grammes  of  the  monohydrated 
sulphuric  acid  are  accurately  weighed  in  a  small  glass  bottle.  A  thin  glass  fiask  is 
also  provided,  which  holds  a  liter  of  water  when  filled  to  a  mark  on  the  neck.  The 
sulphuric  acid  already  weighed  is  added  in  a  gradual  manner  to  this  flask,  about 
half  filled  with  water  at  first,  a  circular  motion  being  given  to  the  vessel  in  order  to 
mix  the  liquids  rapidly.  The  acid  bottle  is  well  rinsed  out  with  water,  which  is 
added  to  the  flask ;  and  when  the  whole  cools,  more  water  is  added  to  fill  up  the 
flask  to  the  mark  on  the  neck.  The  normal  acid  fluid,  thus  prepared,  should  be 
preserved  for  use  in  a  well-stopped  bottle.    • 

In  making  an  examination  of  commercial  potashes,  a  fair  sample  of  the 
Fio.  176.  ji)QS3  ig  firgfc  taken,  and  reduced  to  powder;  of  this,  48.16  grammes  are 
f>       accurately  weighed  out,  and  dissolved  in  a  quantity  of  water,  so 

that  the  volume  of  the  solution  is  exactly  half  a  liter.  If  one-  ^'°*  ^""* 
tenth  of  this  liquid  be  t^iken,  that  is,  fifty  cubic  centimeters,  we 
shall  of  course  htive  the  quantity  which  contains  4.816  grammes 
of  the  potashos.  To  draw  off  this  portion  conveniently,  a  pipette 
Ha  19  used  (fig.  176),  which  holds  fifty  cubic  centimeters  when 
filled  up  to  a  mark  a  on  its  stem.  The  pipette  is  emptied  into 
a  plain  glass  jar,  the  last  drop  of  liquid  being  made  to  flow  out 
by  blowing  into  the  pipette.  A  sufficiently  distinct  blue  tint  is 
given  to  the  liquid  in  the  jar  by  the  addition  of  a  few  drops  of 
an  infusion  of  litmus,  and  the  jar  placed  upon  a  sheet  of  white 
letter-paper,  in  order  to  observe  the  changes  of  colour  afterwards 
with  more  facility. 

To  measure  the  normal  acid  fluid,  a  glass  tube  of  the  form  fig.  177  is 
used,  12  or  14  millimeters  in  internal  diameter,  which  is  called  a  burette. 
It  is  divided  into  half  cubic  centimeters,  and  the  divisions  marked  on 
the  large  tube  in  an  inverse  order,  as  in  the  former  alkalimctor.  The 
beak  may  be  greased  below  the  aperture,  to  prevent  the  liquid  running 

1  The  Gramme  is  15.4336  grains;  the  Cubic  Centimeter,  0.06103  English  cuhic  inch;  th» 
Liter  or  1000  cubic  centimeters,  61.03  cubic  inches,  0.22017  KogUah  imperial  galloo.  or 
1.76133  pint. 
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down  the  outside  of  the  glass.  The  acid  is  poured  from  the  hurette,  filled  to  the 
division  0,  into  the  jar  containing  the  potassa-solution,  the  liquid  in  the  latter  heing 
constantly  stirred.  The  change  to  the  wine-colour  is  first  observed,  and  the  addition 
of  acid  is  afterwards  continued  with  the  greatest  caution,  drop  by  drop,  till  the  liquid 
assumes  at  once  the  onion-skin  red.  A  few  drops  of  acid  in  excess  are  inevitably 
added,  owing  to  the  slowness  of  the  action  of  the  last  portions  of  acid  upon  the 
colouring  matter.  The  number  of  these  drops  in  excess  is  discovered  by  drawing  a 
line  with  the  liquid  upon  a  slip  of  blue  litmus  paper,  after  the  addition  of  each  drop. 
The  lines  become  red  after  the  lapse  of  some  time,  where  the  acid  is  in  excess,  and 
give  the  number  of  drops  to  be  deducted ;  of  these,  ^vq  are  in  general  equivalent  to 
one  measure  of  the  burette.  The  quantity  of  potassa  is  calculated  from  the  measures 
of  normal  acid  fluid  prepared,  each  measure  representing  0.04816  gramme  of  potassa, 
as  already  stated. 

The  chief  objection  to  the  practice  of  this  method  is  the  delicacy,  and  in  some 
degree  uncertainty,  of  the  mode  of  determining  the  number  of  drops  of  acid  always 
adde<l  in  excess.  This  difliculty  is  best  avoided,  I  believe,  by  operating  upon  the 
alkaline  solution  while  hot  and  undergoing  evaporation,  as  directed  in  the  preceding 
method  of  alkalimetry.' 

The  object  of  an  alkalimetrical  process  may  also  be  obtained  by  determining  the 
quantity  of  carbonic  acid  in  a  specimen  of  soda-ash  or  potashes.  The  quantity  of 
carbonic  acid  is  ascertained  by  decomposing  the  carbonate  by  sulphuric  acid,  and 
observing  the  loss  of  weight  occasioned  by  the  cficape  of  the  gas.  The  evolution 
of  hydrosulphurio  acid  gas  at  the  same  time,  by  the  decomposition  of  sulphide  of 
Bodium,  is  prevented  by  adding  a  little  bichromate  of  potassa  to  the  sulphuric  acid, 
80  as  to  oxidize  the  former  acid  gas.  For  every  equivalent  of  carbonic  acid,  or  22 
parts,  an  equivalent  quantity  of  soda  or  potassa  is  allowed  to  be  present ;  namely, 
31  parts  of  soda  or  47  parts  of  potassji.  The  process  may  be  conducted  by  means 
of  the  well-devised  arrangements  of  Dr.  Will,  described  in  works  upon  Analytical 
Chemistry.  It  would,  however,  be  a  subject  of  regret  if  this  latter  method  should 
be  allowed  to  supersede  the  use  of  normal  fluids  and  the  burette,  which  are  capable 
of  being  usefully  applied  in  numerous  other  investigations  besides  alkalimetry,  and, 
in  fact,  form  the  basis  of  an  interesting  department  of  chemical  analysis. 

Bicarbonate  of  soda  ;  HO.CO^  +  NaO.COi;  84  or  1050.  — This  salt  is  formed 
when  a  stream  of  carbonic  acid  gas  is  transmitted  through  a  saturated  solution  of 
the  neutral  carbonate ;  it  is  then  deposited  as  a  farinaceous  powder,  but  may  be  ob- 
tained in  crystals  from  a  weaker  solution,  which  are  rectangular  prisms.  But  it  is 
generally  prepared  on  the  large  scale  by  exposing  the  crystals  of  neutral  carbonate, 
placed  on  trays  in  a  wooden  case,  to  an  atmosphere  of  carbonic  acid  gas:  the  matter 
then  changes  entirely  into  bicarbonate,  which  appears  in  amorphous  and  opaque 
masses.  One  hundred  parts  of  water  dissolve  of  it  H}.04  parts  at  50°  (10°  C.)  and 
IG.GO  parts  at  158°  (70°  C),  according  to  M.  Poggialc.  Although  containing  two 
equivalents  of  acid,  this  salt  is  alkaline  to  test-paper,  but  its  taste  is  much  less  un- 
pleasant than  the  neutral  carbonate,  and  indeed  is  scarcely  perceived  when  mixed 
with  a  little  common  salt.  The  crystallized  salt  is  permanent  in  dry  air,  but  its 
solution  loses  carbonic  acid,  slowly  at  the  temperature  of  the  air,  and  rapidly  above 
100°,  pa.ssing  into  the  state  of  sesquicarbonate,  and  ultimately  of  neutral  carbonate. 
A  pollution  of  bicarbonate  of  soda  does  not  produce  a  precipitate  in  salts  of  magnesia 
in  the  cold,  nor  does  it  disturb  immediately  a  solution  of  chloride  of  mercury;  by 
which  properties  it  is  distinguished  from  the  neutral  carbonate. 

The  bicarbonate  of  soda  is  obtiined  otherwise  by  an  interesting  reaction.  Equal 
weights  are  taken  of  common  salt  and  of  the  carbonate  of  ammonia  of  the  shops, 
which  is  chiefly  bicarbonate ;  the  former  is  dissolved  in  three  times  its  weight  of 


I  The  apptratos  and  methods  of  alkalimetry  have  received  much  attention  from  Mi 
Griffin.    His  improved  apparatus  and  test-paper  may  be  procured  at  the  Chemical  Musenm, 
63,  Baker  Street 
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yfnteTy  and  the  latter  added  in  the  state  of  fine  powder  to  this  solution,  the  whok 
stirred  well  together,  and  allowed  to  stand  for  some  hours.  The  bicarhonatc  uf 
oxide  of  ammonium  present  reacts  upon  chloride  of  sodium,  producing  the  more 
sparingly  soluble  bicarbonate  of  soda,  which  precipitates  in  crystalline  graias  and 
causes  the  liquid  to  become  thick,  with  chloride  of  ammonium  (sal-ammoniac), 
which  remains  in  solution  :  — 

HO.COa+NH.O.CO,  and  NaCl= 
HO.COj+NaO.COj  and  NH.CL 

The  solid  bicarbonate  of  soda  is  separated  from  the  liquid  by  pressure  in  a  screw 
press ;  but  retains  a  portion  of  chloride  of  sodium.  Messrs.  Hemming  and  Iher, 
who  first  observed  this  reaction,  proposed  it  as  a  process  for  obtaining  carbonate  of 
soda  from  common  salt. 

Sesguicarbonate  of  soda;  2NaO+3COrf  4110;  164  or  2050.  — This  salt  pre. 
sents  itself  occasional!}'  in  small  prismatic  crystals,  but  cannot  be  prepared  at 
pleasure.  It  is  unalterable  in  the  air,  but  is  decomposed  in  the  dry  state  by  a  less 
degree  of  heat  than  the  bicarbonate,  notwithstanding  its  containing  a  smaller  excess 
of  carbonic  acid.  The  theoretical  carbonate  of  water,  supposed  to  resemble  the  car- 
bonate of  magnesia,  will  be  HO.COj+  H0  +  2H0 ;  which  gives  the  salt  in  question, 
if  the  last  2 HO  are  replaced  by  two  proportions  of  protohydratcd  carbonate  of  soda. 
Substitutions  of  this  cliamcter  appear  to  be  common  in  the  formation  of  double  car- 
bonates and  oxalates.  The  bicarbonate  of  potassa  may  be  formed  by  the  substitu- 
tion of  carbonate  of  potassa  for  the  first  HO,  in  the  same  carbonate  of  water,  while 
the  other  2H0  disappear.  The  ses(|uicarbonatc  of  soda  occurs  native  in  E«venl 
places,  particularly  on  the  banks  of  the  lakes  of  Soda  in  the  province  of  Sukena,  in 
Africa,  whence  it  is  exported  under  the  name  of  Trona ;  in  Egypt,  Hungary,  and 
in  Mexico,  and  has  the  same  proportion  of  water  as  the  artificial  salt. 

Double  carbonate  of  potassa  and  soda.  —  The  carbonates  of  potassa  and  soda 
unite  readily  by  fusion.  A  compound  was  also  obtained  by  M.  Margueritte,  in 
transparent  crystals,  by  submitting  a  solution  of  the  two  carbonates,  in  difivrent  pro- 
portions, to  evaporation,  of  which  the  formula  is  2(NaO.CO2)  +  (KO.COj)-hlSH0. 
These  cr}'stals  may  be  dissolved  without  injury  in  a  solution  of  carbonate  of  potassa, 
but  when  dissolved  in  pure  water  they  are  in  great  part  decomposed,  and  allow  crys- 
tals of  carbonate  of  soda  to  be  deposited.  This  double  salt  may  bo  analysed  by  evi- 
porating  to  dryness,  after  first  adding  hydrochloric  acid,  to  convert  the  bases  into 
chlorides  of  potassium  and  sodium,  and  then  precipitating  the  former  by  means  of 
bichloride  of  platinum,  as  described  at  page  37ii. 

Sulphite  of  soda;  NaO.SO^-f  lOHO;  G3-f-  90,  or  787.5 -f  1125.  — This  salt 
crystallizes  in  oblique  prisms,  and  is  efiloresccnt  like  the  sulphate  of  soda,  which  it 
much  resembles.  Its  taste  is  sulphureous,  and  its  reaction  feebly  alkaline.  When 
heated  strongly  in  a  close  vessel,  it  gives  sulphate  of  soda  mixed  with  sulphide  of 
sodium.  It  is  prepared  by  passing  a  stream  of  sulphim)us  acid  through  a  solution 
of  the  carbonate  of  soda  (page  294),  or  on  the  large  scale  by  exposing  the  crystals 
of  carbonate  of  soda,  moistened,  to  the  vapour  of  burning  sulphur.  This  salt,  and 
also  the  sulphite  of  lime,  are  much  employed  as  an  antichlore^  or  to  remove  the 
last  traces  of  chlorine* from  bleached  doth  and  the  pulp  of  paper.  A  bisulphite  of 
soda  also  exists,  wliich  appears  in  irregular  and  opaque  crystals. 

Hyposulphite  of  soda ;  NaO.SA+5IIO;  79  +  45,  or  987.5.f  5C2.5.— Tlus 
salt,  of  which  the  preparation  and  some  of  the  properties  have  already  been  described 
yxige  SO.'i),  is  inodorous,  persistent  in  air,  very  soluble  in  water,  and  insoluble  in 


phate  of  soda  and  pentiisulj)hido  of  sodium.  The  hyposulphite  of  soda  readil?  di^ 
solves  chloride  of  .silver,  forming  a  double  salt  o^oda  and  oxide  of  silver,  which  hai 
nn  intensely  sweet  taste.     It  also  dissohx's  the  red  oxide  of  mercury  caidlyi  forming 
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a  double  salt,  which  readily  decomposes  with  deposition  of  sulphide  of  mercury. 
With  chloride  of  gold,  it  gives  rise  to  the  formation  of  chloride  of  sodium,  tetrathi- 
ODato  of  soda,  and  a  double  hyposulphite  of  soda  and  oxide  of  gold,  of  which  the 
f«.>rmula  is 

Au20.SA4-3(NaO.SA)+4IIO  (Fordos  and  Gelis). 

The  use  of  this  last  salt  is  recommended  for  fixing  the  daguerreotype  image. 

^  Sulphate  of  soda,  Glauber's  salt;  NaO.SOa+lOHO;  Tl-l-OO,  or  887.5  +  1125.— 
This  siilt  occurs  crystallized  in  nature,  and  also  dissolved  in  mineral  waters,  and  is 
fornud  on  neutralizing  carbonate  of  soda  by  sulphuric  acid.  But  it  is  more  gene- 
rally j^roparcd  by  decomposing  counnon  salt  with  sulphuric  acid,  as  in  the  process  for 
liydrocliloric  acid  (page  335).  The  sulphate  of  soda  crystallizes  readily  in  long 
prisms,  of  which  the  sides  are  often  channelled,  which  have  a  cooling  and  bitter 
taste,  and  contain  55.76  per  cent,  of  water,  or  10  equivalents  ;  in  which  they  fuso 
Ly  a  slight  elevation  of  temperature,  and  which  they  lose  entirely  by  efflorescence 
in  dry  air  even  at  40®.  At  32°,  100  parts  of  water  dissolve  5.02  parts  of  anhydrous 
sulphate  of  soda,  16.73  parts  at  64.2'='  (17.0P  C),  50.65  parts  at  9P,  which  is  the 
temperature  of  maximum  solubility  of  this  salt,  and  42.65  parts  at  the  boiling  tem- 
perature of  a  saturated  solution,  which  is  217.6°  (103.1°  0.),  as  observed  by  Gay- 
Lussac.  In  a  supersaturated  solution  of  this  salt  (page  239),  crystals  are  sometimes 
slowly  deposited,  which  are  different  in  form  and  harder  than  Glauber's  salt;  they 
are  l"ng  prisms  with  rhombic  bases,  and  contain  8  equivalents  of  water,  or  possibly 
only  7  e(|uivalonts  (Locwel,  Annal.  de  Ch.  et  de  Phys.  3  s6t,  xxix.  62;  or  Chem. 
Soc.  Quart.  Journ.  iii.,  164).     [Sec  Sfij»2>lementf  p.  807. J 

31.  Loewcl  finds  these  crysUus  to  have  a  greater  solubility  than  the  ten-atom 
bydrate.  The  sulphate  of  soda  no  doubt  exists  in  the  supersaturated  solution  as 
ciglit-atom  hydrate,  and  the  salt  is  induced  to  crystallize  by  causes  which  make  it  to 
assume  two  additional  equivalents  of  water,  and  form  the  less  soluble  hydrate.  It 
is  proved  that  the  action  of  air  in  causing  crystallization  is  not  from  its  pressure 
(Gay-Lussac,  Annal.  de  Ch.  et  do  Th.  2  ser.  ii.  296) ;  but,  as  I  have  shown,  from 
the  si»lubility  of  air  in  the  saline  solution,  carbonic  acid  exceeding  air  in  activity 
(Edinb.  Trans,  xi.  114).  Locwel  observes,  among  other  curious  circumstances,  that 
a  r«.»d  of  gla.^s  or  metal,  which  determines  the  fonnation  of  the  ten-atom  hydrate 
when  plunged  into  the  supersaturated  solution,  loses  this  property  if  it  is  left  in 
contact  with  water  for  twelve  hours,  or  if  it  has  been  previously  heated  to  between 
40^  and  100°  C.,  and  continues  incapable  of  inducing  crystallization  for  ten  days  or 
a  fortnight  at  the  ordinary  temperature,  if  preserved  from  free  contact  with  the  air. 
I  had  previously  put  up  clean  glass  beads  into  supersaturated  solutions  contained  in 
jars  inverted  over  mercury,  without  determining  crystallization,  and  would  ascribe 
the  action  of  the  glass  surface  to  adhering  soluble  matter,  rather  than  the  molecular 
condition  of  the  glass,  as  supposed  by  M.  Locwel. 

A  saturated  solution  of  sulphate  of  soda,  kept  at  a  temperature  between  91°  and 
104°,  atfjrds  octohedral  crystals  with  a  rhombic  base,  which  are  anhydrous.  They 
are  is«3morphous  with  the  hypermanganate  of  baryta.  Their  density  is  2.042.  The 
anhydrous  sak  fuses  at  a  bright  red  heat,  without  loss  of  acid.  Sulphate  of  soda 
vas  at  one  time  the  saline  aperient  in  general  use,  but  is  now  superseded  by  sulphate 
of  magnesia.  It  is  still,  however,  occasionally  associated  with  the  tartrate  of  potassa 
and  sinla,  in  Seidlitz  powders. 

Tlie  crystallized  sulphate  of  soda  dissolves  freely  in  hydrochloric  acid,  or  in  dilute 
sulphuric  acid,  and  produces  a  great  degree  of  cold,  by  which  water  may  easily  be 
frozen  in  summer.  A  suitable  apparatus  for  this  purpose  consists  of  a  hollow  cylin- 
der C  C  (figs.  178  and  179),  intended  for  the  reception  of  the  freezing  mixture, 
itself  surrounded  by  a  space  to  contain  the  water  to  be  frozen,  having  the  external 
opening  u,  and  the  whole  protected  by  a  double  casing,  B  13,  filled  with  cotton  or 
tow  to  prevent  access  of  heat.  The  cylinder  A  is  hollow,  and  may  also  have  water 
placed  in  it  to  be  frozen.     This  cylinder  is  turned  on  a  pivot  by  the  handle  above. 
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and  has  projections  or  nncfi,  by  vhich  the  salt  and  acid  arc  conveniently  agitated 
Tho  upper  part,  D,  of  this  cylinder  in  filled  with  a  non-conduct ing  material.  The 
freezing  mixture  is  added  in  charges  of  about  3  pounds  of  pulveriicd  sulphila 
of  Boda,  and  "2  pound  meaaurea  of  hjdroclilorio  acid,  at  a  time;  which  are  rcpcsteJ 
after  ten  niinutcfi,  und  the  stopcock  opened  to  aUovi  the  acid  eolulion  to  flnir  into  the 
vessel  V  below,  where  its  low  temperature  may  be  further  employed  to  cool  wine  nt 
other  beverages.  With  \'2  pounds  of  sulphate  of  sdda,  and  about  10  puDn<Is  of 
acid,  from  10  to  12  pounds  of  ice  may  be  formed  iu  the  course  of  an  hour  in  thh 
manner. 

The  anhydrous  sulphate  of  soda  also  forma  the  miucntl  Tkenardile,  which  ni 
disooTCrcd  by  M.  Casasccu  iu  the  neighbourhood  of  Madrid. 


Fio.  180. 


PREPARATION  OF  CARBONATE  OF  SODA  FROM  THE  SULPHATE, 

Tho  sulphate  of  soda  is  chiefly  formed  as  a  step  in  the  process  of  preparing  soJi 
from  common  suit  The  same  manufacture  pvcs  rise  to  the  preparation  of  large 
quantities  of  sulphuric  acid,  of  which  SO  pounds  are  reijuired  for  100  pounds  of  &iii- 
From  the  lust,  upnards  of  50,000  tons  of  lodi- 
ask,  and  20,000  tons  of  crystallized  carbonate  cf 
Bodu,  were  manufactured  in  1838;  and  the  pro- 
duction has  since  greatly  increased. 

A  roverhcratory  furnace  is  employed  in  wd* 

'  making  and  vatious  other  chcniiea)  uianufactuKs, 

to  aflctrd  the  means  of  exposing  a  cODsidcriU< 

quantity  of  materials  to  a  strong  heat,  of  which  ■ 

[Hiqicndicuhir  and  a  horizonlul  section  arc  ciTca 

in  lig.  It^O.    It  consists  of  a  fire-place,  a,  in  which 

the  fuel  is  burned,  of  which  b  is  the  ash-pit,  with 

a  horizontal  fiuc  c\pandiiig  into  k  small  ehainlKr 

or  oven,  d  J,  wliich  is  TTii^ed  to  B  Strong  r«d  hat 

by  the  reverberation  on  its  walls  of  the  flatnc  o» 

heated  air  fr^m  the  fire,  on  its  passage  lo  the 

inucy.     The  matters  to  he  heated  are  placed 

'  upon  the  Hour  of  this  chamber.     It  has  nu  opeit- 
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g,  i,  in  tbe  side,  for  the  introduction  of  materials,  and  another  opening,  g,  at  the 
id  most  distant  from  tlie  fire.  The  chiuincy  ia  provided  with  a  damper,  p,  by 
bich  Ihc  drnLi(;ht  is  regulated. 

(1.)  The  sulphate  of  soda  is  prepared  by  throwing  COO  pounds  of  common  salt  into 
c  chamber  of  the  furnace,  »iready  well  licalcd,  and  runujog  down  upon  it,  from  an 
tuning  in  the  roof,  an  equal  weight  of  sulpliuric  acid  of  density  l.GOO,  in  a  moderate 
ream.  Ilydroehlono  acid  is  disengaged  and  carried  up  the  chimney,  and  the  con- 
irsinn  of  tlic  salt  into  sulphate  of  soda  is  completed  in  four  hours,  (i.")  Tbe  sul- 
laie  thus  prepared  is  reduced  to  powder  and  100  parts  of  it  mixed  with  103  parts 
'  jrround  L-halk,  and  G2  parts  of  small  coal  ground  and  sifted.  This  mixture  is  in- 
oduced  into  a  very  hot  reverhcratorj'  furnace,  about  two  hundred  weight  at  a  time. 

is  frt''|ni'ntly  stirred  unlil  It  is  uniformly  hcale^l.     In  about  an  hour  it  fuses;  it 

then  woU  .stirred  for  about  five  minutes,  and  drawn  out  with  a  rake  into  a  cast- 
in  Innigh,  in  which  is  is  allowed  to  cool  and  solidify.  This  is  called  ball  soda,  or 
aek-ii>h.  and  ci.>nlains  about  22  per  cent,  of  alkali.  (S.)  To  separate  the  salta 
om  in^■dul.lIe  matter,  the  cjiko  of  ball  soda,  when  cold,  is  broken  up,  put  into  vala, 
id  L-nvtrtd  by  warm  water.  In  six  hours  the  solution  b  drawn  olT  from  below, 
111  the  WiL-biiig  repeated  about  eight  times,  to  eitnict  all  the  soluble  matter, 
hce  li<|n<irj  being  mixed  together  are  boiled  down  U>  dryness,  and  alford  a,  salt 
bii'b  i:i  jiriiicipally  carbonate  of  soda,  with  a  tittle  caustic  soda  and  sulphide  of 
dium.  (^4.)  For  ihe  purpose  of  getting  rid  of  tlio  sulphur,  the  salt  is  mixed  with 
iC'fourih  of  irs  bulk  of  sawdust,  and  exposed  to  a  low  red  heat  in  a  reverlieratory 
rnace  f  >r  about  4  hourf!,  which  converts  tho  edustic  soda  into  carbonate,  while  tbo 
itphur  al.^i  is  carried  off.  This  product  contains  about  50  per  cent,  of  alkali,  and 
TEUS  tbe  soda-salt  of  best  quality.  (5.)  If  the  crystallized  carbonate  is  required, 
«  lat^t  isilt  is  dissolved  in  water,  allowed  to  settle,  and  the  clear  liquid  boiled  down 
ilil  a.  pellicle  appears  on  its  surface.  The  solution  is  then  run  into  ttliullow  boxes 
■  fast-in.'n,  to  cry^'lalline  in  a  cool  pbee ;  and  after  standing  for  a  week  the  mollicr 
]uor  is  drawn  off,  the  crystals  drained,  and  broken  up  for  the  market.  (C.)  The 
oiher  li'juor,  which  contains  the  foreign  aalt<i,  is  evaporated  to  dryness,  for  a  soda- 
It,  wliicb  serves  fur  soap  or  gluss  making,  and  contains  about  80  per  cent,  of  alkali. 

In  fig.  It*!,  a  soda-furnace  is  represented,  consisting  of  two  compartments:  tho 
vt,  A,  in  which  the  sulphate  of  soda  is  decomposed,  and  the  second,  B,  in  which 


ilpburic  ocid  is  applied  to  the  chloride  of  so>lium,  and  the  sulphate  of  soda  formed, 
he  beat  from  the  furnace  is  further  economized  by  being  applied  to  evaporate  solu- 
3n8  of  carbonate  of  soda  in  C  and  D. 

The  most  essential  part  of  this  process  is  the  fusion  of  sulphate  of  soda  with  coal 
id  carbonate  of  lime :  by  the  first,  the  sulphate  is  converted  into  sulphide  of  sodium 
age  3E>ii> ;  and  by  the  Mcond,  the  sulphide  of  sodium  is  converted  into  carbonate 
'  soda.  These  changes  may  he  efiectcd  flepamlely  to  a  considerable  extent,  but  not 
mpletcly,  by  calcining  the  sulphate  at  a  higher  temperature  with  coal  and  carbo- 
tte  of  lituc  in  BUCccssion.    The  hme  bceomea  at  the  same  tinio  sulphide  of  calcium. 
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or  it  13  more  generally  supposed  to  form  an  oxi-sulpbide  of  calciam,  SCaS.C&O,  a 
compound  which  would  destroy  the  carbonate  of  soda,  if  it  was  diasolvcd  aloog  with 
that  salt,  in  the  subsequent  lixiviation  of  the  ball  soda.  But  the  aalphide  of  calcium 
being  nearly  insoluble  of  itself,  or  rendered  entirely  so  by  its  combination  with  limei 
does  not  dissolve  to  a  sensible  extent  in  the  experiment.  The  application,  huvcrer, 
of  very  hot  water  to  the  ball  soda  b  to  be  avoided.  The  following  diagram  is  used 
to  represent  the  chemical  changes  in  this  process,  supposing  for  simplicity  that  char- 
coal is  employed  instead  of  coal,  and  lime  instead  of  its  carbonate ;  the  numbers 
denoting  equivalents : — 


REACTION  IN   THE   SODA  PROCESS. 


Before  decomposition. 
4  Carbon 4  Carbon.. 

Sulphate  of  I  ^g^Jjf^ 
•^^         1     Sulphur 

Lime \     ^yS**" 

(     Lalcmm 

^  Lime ^Linie, 


After  decomposition. 
4  Carbonic  oxide. 

Soda. 


Sulphide  of  calcium 
\  Limo 


11 


Mr.  Gossagc  considers  the  additional  \  equiv.  of  lime  as  superfluous,  althougk 
not  injurious  in  the  process.  The  soda  derives  carbonic  acid  from  the  carbonate  of 
lime  or  from  the  gases  of  the  fire,  and  is  therefore  entirely  carbonate.  No  hydnto 
of  soda  is  dissolved  out  of  the  ball  soda  by  alcohol^  but  a  portion  of  the  carbonate 
appears  often  to  become  caustic  by  the  action  of  the  caustic  lime,  in  the  subsequent 
lixiviation.' 

The  insoluble  sulphide  of  calcium  of  this  process  is  known  as  soda-waste.    It  ii 


*  The  analysis,  by  Mr.  F.  Claudct  in  my  laboratory,  of  a  specimen  of  black-ash  fr« 
Birmingham,  iu  wbicli  a  miuimum  of  lime  appears  to  have  been  used,  gave  tlie  folloviif 
results : — 


CR 
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r  Carbonate  of  Soda 85.42 

Sulpbiile  of  Sodium 1.45 

Sulphate  of  Soda 78 

Chloride  of  Sodium 2.G2 

Silicic  acid 58 

Oxide  of  Iron,  Alumina 15 

f  Sulphide  of  Calcium 82.90: 

Carbonate  of  Lime 8.73: 

Magnesia 5G 

Oxide  of  Iron 1.98 

Alumina 3.59 

Sand  and  Silicic  acid 4.95 

Charcoal 10.57 

AVater 


/  Sulphnr  14.6 
\  Calcium  1&9 
Lime  2.09 


7*> 


100.00 


The  lime  found  is  not  in  quantity  sufficient  to  form  the  oxi-sulphide  of  calcium,  oCaS.CjOi 
confirming  the  view  of  the  process  taken  by  Mr.  Gossage.  No  hydrate  of  .«oda,  or  sulphiii 
of  sodium,  was  dissolved  out  of  this  black-a^h  by  alcohol.  The  )>urtion  of  the  laitfr  sail  * 
tained  in  the  analysis  apponrod  to  be  the  result  of  ovcr-wa&hing;  the  sulphide  of  calfiw 
having  a  tendency  to  pass  info  lime  and  the  suluble  hydrosiulphote  of  sulphide  of  ciilcicm 
which  decompose  a  portion  of  the  carbonate  of  soda.  Although  this  important  proc««fliM 
been  much  Htuilied.  its  theory  is  still  incomplete.  The  furnacing  of  the  sulphate  of  trtdai 
promoted  by  aqueous  vapour,  and  a  loss  of  bulphur  occurs  in  a  way  which  is  not  understood 
See  the  papers  of  Mr.  J.  Brown  (Phil.  Mag.  xxxiv.  15).  of  M.  li.  Unger  (Ann.  Ch.  Thirflu 
Hi.  Ixiii.  and  Ixvii.),  and  the  Atmual  Report  on  the  Progress  of  Chemistry  of  LiebigftM 
Kopp,  edited  by  Hoffmann  and  Dj  la  Hue,  ii.  292,  1847-48. 


lantity  of  hydrochloric  acid  may  be  made  up  by  a  supply  of  carbonic  acid, 
»plicd  to  the  waste,  from  any  other  source.  The  hydrosulphuric  acid  would 
d,  instead  of  sulphur,  in  the  leaden  chamber,  to  produce  sulphuric  acid, 
changes  have  been  proposed  upon  the  soda  process.  Sulphate  of  iron,  pro- 
^  the  oxidation  of  iron-pyrites,  is  a  cheap  salt,  and  may  be  applied  to  convert 
of  sr>dium  into  sulphate  of  soda. — (1.)  By  igniting  a  mixture  of  these  salts 
rbcratory  furnace,  when  sulphate  of  soda,  sesquioxide  of  iron,  and  volatile 
loride  of  iron  are  produced.  (2.)  By  dissolving  the  salts  together  in  water, 
^ing  the  solution  to  fall  to  a  low  temperature,  when  sulphate  of  soda  crystal- 
1  chloride  of  iron  remains  in  solution  Olr.  Phillips);  or  (3.)  By  conccn- 
he  last  solution  at  the  boiling-point,  when  the  same  decomposition  occurs, 
as  sulphate  of  soda  precipitates,  and  may  be  raked  out  of  the  liquor.  The 
of  bisulphide  o^iron  with  common  salt  in  a  reverberatory  furnace  may  also 
to  furnish  sulphate  of  soda.  Sulphate  of  magnesia  has  been  substituted 
)ate  of  iron,  in  these  three  modes  of  application ;  but  the  unavoidable  for- 
if  double  salts  of  magnesia  and  soda  makes  the  separation  of  the  sulphate 
always  imperfect.  It  has  been  proposed,  instead  of  fumacing  the  sulphate 
to  decompose  it  by  caustic  baryta,  or  by  strontia,  the  last  earth  being  pro- 
y  Mr.  Tilghmann,  for  this  application  of  it,  by  decomposing  the  native 
of  strontia  from  Bristol,  by  a  current  of  steam  at  a  red  heat.  Such  a  pro- 
ild  also  furnish  the  sulphuric  acid  required  to  decompose  chloride  of  sodium 
1  sulphate  of  soda.  Chloride  of  sodium  may  also  be  decomposed  by  moist- 
id  rubbing  it  in  a  mortar  with  4  or  G  times  its  weight  of  litharge,  when  an 
idc  of  lead  is  formed,  and  caustic  soda  liberated.  The  decomposition  of 
of  sodium  by  the  carbonate  of  ammonia,  with  formation  of  bicarbonate  of 
LS  already  been  noticed  (page  389).  It  appears,  however,  that  the  soda- 
Krst  described,  which  was  invented  towards  the  end  of  the  last  century  by 
,  is  still  generally  preferred  to  all  others. 

lid  sources  of  carbonate  of  soda,  namely  barilla,  or  the  ashes  of  the  salsola 
lich  is  cultivated  on  the  coasts  of  the  Mediterranean,  and  kelp,  the  ashes  of 
Is,  have  ceased  to  be  of  importance,  at  least  in  England.  Barilla  contains 
^,  and  kelp  about  2  per  cent,  of  alkali. 

phale  of  soda,  HO.SOs  +  NaO.SO,;  120  or  1500.     This  salt  is  obtained 
crystals  on  adding  an  equivalent  of  oil  of  vitriol  to  sulphate  of  soda,  and 
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Ditric  acid,  and  is  also  largely  used  in  agriculture.  Nitrate  of  soda  is  {bmc 
dantly  in  the  soil  of  some  parts  of  India ;  and  it  forms  a  thin  but  very  ei 
bed  covered  by  clay  at  Atacama  in  Peru,  from  \rhich  it  is  exported  ii 

quantity. 

Chlorate  of  soda  (NaO.ClOs)  is  formed  by  mixing  strong  solutions  of  fai 
of  soda  and  ciiloratc  of  potassa,  when  tho  bitartratc  of  potassa  precipitates,  i 
chlorate  of  soda  remains  in  solution.  It  crystallizes  in  fine  tetrahedrons, 
considerably  more  soluble  than  chlorate  of  potassa. 

Phosphates  of  soda. — There  arc  three  crystallizablc  phosphates  of  soda  be 
to  the  tribasic  class,  which  I  shall  describe  under  their  most  usual  names. 

Phosphate  of  soda;  H0.2NaO.P05+24UO;  359  or  4-187.5.— This  is 
known  in  pharmacy  as  phosphate  of  soda,  and  formed  by  neutralizing  ph< 
acid  from  burnt  bones  (page  ol9)  with  carbonate  of  soda.  It  crystallizes  in 
rhombic  prisms,  which  arc  efilorescent,  and  essentially  alkaline.  !M.  Malag 
believe,  mistaken  in  ascribing  26  cquivs.  of  water  to  this  salt.  The  taste  i 
phate  of  soda  is  cooling  and  saline,  and  less  disagreeable  than  sulphate  of  m 
for  which  it  may  be  substituted  as  an  aperient.  It  dissolves  in  4  times  \U 
of  cold  water,  and  fuses  in  its  water  of  crystallization,  when  moderately 
When  evaporated  above  90°,  this  salt  crystallizes  in  another  form  with  14 
of  24  atoms  of  water  (Clark).  It  is  deprived  of  half  its  alkali  by  hydrochl 
in  the  cold,  but  not  by  acetic  acid. 

Suhphosphate  of  soda;  SNaO-POj-f  24IIO;  381  or  4762.5.  — Formed  ' 
excess  of  caustic  soda  is  added  to  the  preceding  salt.  It  crystallizes  in  slei 
sided  prisms,  with  fiat  terminations,  which  are  unalterable^Mn  air;  but  the 
of  this  salt  rapidly  absorbs  carbonic  acid,  and  is  deprived  of  one-third  of  i 
by  the  weakest  acids.  The  crystals  dissolve  in  5  times  their  weight  of  watei 
and  undergo  the  watery  fusion  at  170°.  This  salt  continues  tribasic  afb 
expos<»d  to  a  red  heat. 

Biphosphate  of  soda;  2HO.NaO.P05+2IIO;  139  or  1737.5.  — Obti 
adding  tribasic  phosphate  of  water  to  phosphate  of  soda,  till  the  latter  ct-asci 
ducc  a  precipitate  with  chloride  of  barium.  The  solution  affords  cr3-stals 
weather,  of  which  the  ordinary  form  is  a  right  rhombic  prism,  having  it 
angle  of  93°  54'.  13ut  this  salt  is  dimc^phous,  occurring  in  another  right 
prism,  of  which  the  smaller  angle  is  78°  30',  terminated  by  pyramidal 
isomorphous  with  binarseniate  of  soda.  The  biphosphate  of  soda  is  very 
and  has  a  distinctly  acid  reaction.  Like  all  the  other  soluble  tribasic  phosp 
gives  a  yellow  precipitate  with  nitrate  of  silver,  which  is  tribasic  pho8[ 
silver. 

Phosphate  of  soda  and  ammonia^  Microcosmic  salt ;  IIO.XlT4O.NaO.POi- 
201  or  2512.5.  —  This  salt  is  obtained  by  heating  together  6  or  7  parts  of 
lized  pho.sphatc  of  soda,  and  2  parts  of  water,  till  the  whole  is  liquid,  a 
adding  1  part  of  pulverized  sal-ammoniac.  Chloride  of  sodium  separates, 
solution,  liltcrcd  and  concentrated,  affords  the  phosphate  in  prismatic  crystals 
purified  by  a  second  crystallization.  This  salt  o<.»curs  in  urine.  It  is  much  ei 
as  a  flux  in  blow-pipe  experiments.  By  a  slight  heat  it  loses  8II0,  by  ai 
heat  it  is  deprived  of  its  remaining  water  and  ammonia,  and  converted  int 
phosphate  of  soda,  which  is  a  very  fusible  salt.  It  will  be  obser^•ed  that  tl 
aU)ms  of  base  in  this  phosphate  are  all  different, — namely,  water,  oxide  of 
nium,  and  soda;  of  which  the  two  last  belong  to  the  same  natural  family,  fi 
of  the  same  family  may  exist  together  in  the  salts  of  bibasic  and  tribasii 
forming  stable  compounds,  but  not  in  ordinary  double  salts.  No  phosphate 
corresponding  with  microcosmic  salt,  but  containing  potassa  instead  of  03 
ammonium;  the  phosphate  of  soda,  with  14110,  has  been  mistaken  for  suet 

Pyrophosphate  of  soda;  2NaO.P05  +  lOIIO;  134 -f  90,  or  1675  +  1 
Procured  by  Jieating  the  phosphate  of  st»da  to  redness,  when  it  loses  its  lasi 
as  well  OS  its  water  of  crystallization.     The  residual  mass  dissolved  in  water 
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which  is  loss  soluble  than  the  original  phosphate,  and  crystallizes  in  prisinntic 
^,  which  are  permanent  in  air,  and  contain  ten  atoms  of  water.  Its  solutioa 
itially  alkaline.  This  salt  is  precipitated  white,  by  nitrate  of  silver.  It  is  to 
larked  that  insoluble  pyrophosphates,  including  pyrophosphate  of  silver,  are 
:  to  a  considerable  degree  in  the  solution  of  pyrophosphate  of  soda.  The 
osphatcs  of  potn.ssa  and  of  ammonia  can  exist  in  solution,  but  pass  into  tribasic 
hen  thoy  crystallize. 

i pyrophosphate  of  soda  (IlO.NaO.rO5)  exists,  obtained  by  the  application 
aduatcd  lieat  to  the  bipho.**phate  of  soda,  but  it  does  not  crystallize.  Its  solu- 
is  an  acid  reaction. 

aphosphatc  of  soda;  NaO.POs,  1^3  or  1287.5.  —  The  biphosphate  of  soda, 
ling  only  one  equivalent  of  fixed  base,  affords  the  metaphosphate  of  soda, 
heated  to  redness.  The  metaphosphate  of  soda  fuses  at  a  heat  which  does 
seed  low  redness,  and  on  cooling  rapidly  forma  a  transparent  glass,  which  is 
}scont  in  damp  air,  and  very  soluble  in  water,  but  insoluble  in  alcohol :  its 
n  has  a  feebly  acid  reaction,  which  can  be  negatived  by  the  addition  of  4  per 
f  carbonate  of  soda.  When  evaporated,  this  solution  does  not  give  crystals, 
ies  into  a  transparent  pellicle,  like  gum,  which  retains  at  the  temperature  of 
r  somewhat  more  than  a  single  equivalent  of  water.  Added  to  neutral,  and 
ry  dilute  solutions  of  earthy  and  metallic  salts,  metaphosphate  of  soda  throws 
nsoluble  hydratcd  metaphosphates,  of  which  the  physical  condition  is  remark- 

They  are  all  soft  solids,  or  semifluid  bodies;  the  metaphosphate  of  limo 
;  the  degree  of  fluidity  of  Venice  turpentine. 

bipyrophosphate  of  soda  appears  to  undergo  several  changes  under  the  influ- 
f  heat  before  it  becomes  metaphosphate.  At  a  temperature  of  500°,  the  salt 
ea  nearly  anhydrous,  and  affords  a  solution  which  is  neutral  to  test-paper,  but 
}r  resj)ccts  resembles  the  hi  pyrophosphate.  IJut  at  temperatures  which  are 
,  but  insulBcient  for  fusion,  the  salt  being  anhydrous,  appears  to  have  lost  its 
ity  in  water;  at  least  it  is  not  affected  at  first  when  thrown  in  powder  into 
:  water,  but  gradually  dissolves  by  continued  digestion,  and  passes  into  the 
ing  variety.— (Phil.  Trans.  1833,  p.  275). 

en  the  fused  metaphosphate  of  soda  is  slowly  cooled,  it  forms  a  crystalline 
IS  observed  by  Fleitmann  and  Ilenneberg,  and  gives  a  crystallizablc  meta- 
late  of  soda  (page  324). 

ax,  Biboratc  of  soda,  Na0.2B03 +  10110;  100.8-fOO  or  12G0.  +  1125.— 
lit  is  met  with  in  commerce  in  large  hard  crystjds.  It  is  found  in  the  water 
ain  lakes  in  Transylvania,  Tartary,  China,  and  Thibet,  and  is  deposited  in 
K?ds  by  spontaneous  evaporation.  It  is  imported  from  India  in  a  crude  state, 
vcloped  in  a  fatty  matter,  under  the  name  of  Tinkal,  and  afterwards  purified, 
jarly  the  whole  borax  consumed  in  England  is  at  present  formed  by  neutral- 
irith  carbonate  of  soda,  the  acid  from  the  boracic  lagoons  of  Tuscany.  The 
ry  crystals  of  borax  are  prisms  of  the  oblique  system,  containing  10  atoms  of 
of  density  1.002;  but  it  also  crystallizes  at  133°  in  regular  octohedrons, 
contain  only  5  atoms  of  water.  This  salt  has  a  sweetish,  alkaline  taste ;  for, 
gh  containing  an  excess  of  acid,  it  has  an  alkaline  reaction,  like  the  bicarbonate 
1,  and  is  soluble  in  10  parts  of  cold,  and  2  parts  of  boiling  water. 

anhydrous  salt  is  very  fusible  by  heat,  and  forms  a  glass  of  density  2.3G7. 
lass  possesses  the  property  of  dissolving  most  metallic  oxides,  the  smallest 
IS  of  which  colour  it.  As  the  metal  may  often  be  discovered  by  the  colour, 
is  valuable  as  a  flux  in  blow-pipe  experiments.  For  this  purpose  a  thin  pla- 
vire  is  generally  used,  one  end  of  which  is  bent  into  a  hook  (fig.  182.)     The 

loop  being  slightly  moistened,  is  dipped  into  a  fine  powder 
Fio.  182.  Qf  anhydrous  borax,  and  a  minute  portion  of  the  metallic 

"^  oxide  which  wo  wish  to  determine  is  also  taken  up  on  the 

loop.     The  matter  is  then  fused  in  the  flame  of  a  candle 
it-lamp  directed  upon  it  by  means  of  a  mouth  blow-pipe  (fig.  183.)     Often 
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two  difiTcrcnt  colourations  arc  obtained  wben  the  metal  has  mora  than  one  oude,  tfr 
cording  vi»  the  substance  is  heated  in  the  reducing  or  white  portion  of  the  fiamtL 
which;  in  the  blow-pipe  flame,  is  at  6  (fig.  184),  or  in  the  oxidating  spheres  aa,aBl 

Fig.  183.  Fxo.  184. 


at  the  point  c,  where  there  is  an  excess  of  atmospheric  air.  To  produce  the  coloi 
of  the  protoxide,  we  expose  to  the  reducing  flame ;  and  to  produce  the  colour  of  th 
peroxide,  we  expose  to  the  oxidizing  flame. 

As  pieces  of  metal  could  not  be  soldered  together  if  covered  by  oxide,  borax  i 
fused  with  the  solder  upon  the  surface  of  the  metals  to  be  joined,  to  remove  tfc 
oxide.  Borax  is  also  a  constituent  of  the  soft  glass^  known  as  jewellers'  paste,  vluel 
is  coloured  to  imitate  precious  stones.  But  the  most  considerable  com^umptioo  fl 
thb  salt  is  in  the  potteries,  in  the  formation  of  a  glaze  for  porcelain. 

A  neutral  borate  of  soda  is  formed  by  calcining  strongly  1  cq.  of  borax  nitk 
cq.  of  carbonate  of  soda,  when  carbonic  acid  is  expelled.     The  solution  yields  as' 
belonging  to  the  oblique  prismatic  system,  of  which  the  formula  is,  NaO.B0j+SH( 
When  heated,  it  fuses  in  its  water  of  crystallization,  and  is  expanded  into  a  resiesl 
mass  of  extraordinary  magnitude  by  the  vaporization  of  that  water. 

When  borax  is  fused  with  carbonate  of  soda  in  excess,  the  quantity  of  carboa 
acid  which  escapes  indicates  the  formation  of  a  borate,  8NaO  +  2B03,  but  which  k 
not  been  farther  examined.     Notwithstanding  this,  a  solution  of  borax  in  vnta 
decomposed,  and  the  boracic  acid  entirely  liberated,  by  a  stream  of  either  carboi 
or  hydrosulphuric  acid.     Silicic  acid,  however,  in  its  soluble  modification,  has  i 
decomposing  action  upon  a  solution  of  borax.     Boracic  acid,  therefore,  appears 
stand  in  the  scale  of  acids  above  silicic,  but  below  carbonic  acid.     A  saturated  lol 
tion  of  borax  readily  dissolves  a  large  amount  of  arscnious  acid,  forming  a  componi 
remarkable  for  its  great  solubility  in  water.     This  contains,  according  to  ProC  < 
Schweizcr,  arsenitc  of  soda,  borate  of  soda,  and  a  compound  of  arsenious  and  bon 
acids,  and  is  probably  represented  by  the  formula  — 

NaO.AsO3+2(NaO.2BO3)-f2(BO32AsO,)  +  10HO. 

A  salt  is  said  to  exist,  formed  of  XaO-f  4BO3,  but  to  crystallize  with  diffical 
produced  on  combining  borax  with  a  quantity  of  boracic  acid  equal  to  what  it  abei 
contains.  M.  Laurent  has  also  shown  that  a  scxborate  of  soda  exists  in  solniii 
but  is  not  cryst:illizablc.  (Ann.  do  Ch.  et  de  Phys.  Ixvii.,  218.)  The  bontes 
potassa  have  also  boon  oxaniined  by  Laurent.  The  sexboratc  crvstallizea  well; 
formula  is  KO.6HO3+IOHO.  A  triborate  is  represented  by  K0.3BO,+8ffl 
the  bibonite  corresponds  in  composition  with  octohedral  borax,  but  has,  notli 
standing,  a  different  and  incompatible  form. 

A  simple  and  very  accurate  method  of  analyzing  borax  is,  to  add  an  excess  rfl 
drochloric  acid  to  a  solution  of  the  salt,  and  evaporate  to  dryness  on  the  watcr4* 
adding  a  few  more  drops  of  hydrochloric  acid  towards  the  end  of  the  opcnti 
The  mass,  when  perfectly  dry,  is  re-dissolved  in  water,  a  little  nitric  acid  mixed tr 
the  solution,  and  the  chlorine  precipitated  by  nitrate  of  silver ;  from  the  amoont 
chloride  of  silver  that  of  the  chlorine  is  deduced,  and  from  the  latter  the  quant 
of  soda.  The  alkaline  bases  of  all  the  other  borates  may  be  obtained  whoUj 
chloride  by  a  similar  treatment.     (Schweitzer,  Chem.  Gas.  1850,  p.  281.) 
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Silicates  of  soda. — The  earth  silica,  or  silicic  acid,  SiOg  (page  200),  is  dissolved 
bv  ifinstic  scKJa,  and  gives,  bj  slow  evaporation,  a  crystallized  silicutc  of  soda, 
oNaO.iSiOj  (Fritzschc).  A  concentrated  solution  of  caustic  s^xla  at  a  high  tcnipe- 
riture  under  pressure  dissolves  silica  freely  even  in  the  form  of  flint  or  of  quartzy 
Fand,  and  giv(?s  a  similar  silicate,  which  is  used  by  Mr.  Kansome  of  Ipswich  for  the 
in<lunition  of  plaster  .and  cements,  and  the  formation  of  artificial  stone. 

When  silicic  acid  is  thrown  into  carbonate  of  potassa  or  soda,  in  a  state  of  fusion 
Ly  heat,  a  fusible  silicate  is  formed,  in  which,  judging  from  the  quantity  of  carbonic 
tici'l  expelled,  3  eq.  of  soda  are  also  combined  with  2  eq.  of  silicic  acid,  and  tho 
(i?;ygcn  in  the  soda  is  to  that  in  the  silicic  acid  as  1  to  2.  This  silicate  dissolves  in 
the  rlcar  and  liquid  carbonate.  When,  on  the  other  hand,  a  greater  proportion  of 
silicic  aiid  is  fused  with  the  carbonate,  the  whole  carbonic  acid  of  the  latter  is 
cxjJtlh'd,  and  the  excess  of  silicic  acid  then  dissolves  in  the  silicate.  The  silicic  acid 
and  ^ilicatc  of  such  mixtures  do  not  separate  by  crystallization,  but  uniformly  solidify 
topther,  on  cooling,  as  a  homogeneous  glass,  whatever  their  proportions  may  be.  It 
is  thus  impossible  tj  obtain  alkaline  silicates,  which  are  certainly  definite  combina- 
ti-in<.  in  the  dry  way.  A  mixture  of  silicic  acid  with  potassa  or  soda,  in  which  the 
oxy^jcn  of  the  former  is  to  that  of  the  latter  as  IS  to  1,  is  said  still  to  be  fusible  by 
the  heat  of  a  furge;  but  when  the  proportion  is  as  oO  to  1,  the  mixture  njcrely  ag- 
glutinates, or  frits.  These  combinations,  even  with  a  large  quantity  of  silicic  acid, 
Cutntinue  to  be  soluble  in  water. 

A  compound,  known  as  soluble  gloss,  is  obtained  by  fusing  together  8  parts  of 
carboiiute  of  soda  (or  10  of  carbonate  of  potassa)  with  15  of  fine  R:ind  and  1  of 
charcoal.  The  object  of  the  charcoal  is  to  facilitate  the  combination  of  the  silicic 
acid  with  the  alkali,  by  destroying  the  carbonic  acid,  which  it  converts  into  carbonic 
oxide.  This  glass,  when  reduced  to  powder,  is  not  attacked  by  cold  water,  but  is 
diss^^dvcd  by  4  or  5  parts  of  boiling  water.  The  solution  may  be  applied  to  objects 
of  wood,  and,  when  dried  by  a  gentle  heat,  forms  a  varnish,  which  imbibes  a  little 
moisture  from  the  air,  but  is  not  decomposed  by  carbonic  acid,  nor  otherwise  alterable 
by  exposure.  Stuffs  impregnated  with  the  solution  lose  much  of  their  combusti- 
bility, and  wood  is  also  defended  by  it,  to  a  certain  degree,  from  combustion. 

GLASS. 

Tlio  alkaline  silicates,  cooled  quickly  or  slowly,  never  exhibit  a  crystalline  struc- 
ture, but  arc  uniformly  vitreous  (p.  151).  They  are  the  bases  of  the  ordinary 
Taricties  <»f  glass,  which  contain  earthy  silicates  besides,  but  appear  to  owe  the 
vitreMus  character  to  the  silicates  of  potassa  and  s(xla.  The  silicate  of  lime,  and  the 
silicate  (*f  the  protoxide  of  iron,  crystallize  on  cooling;  so  docs  the  silicate  of  lead, 
unle.?.:;  it  contains  a  large  excess  of  oxide  of  lead.  The  addition  of  the  silicate  of 
pota.«&a  or  s^KJa  deprives  them  entirely  of  this  property ;  the  silicate  of  alumina  con- 
siderably diminishes  it.  But  if  silicates  of  potassa  or  soda  arc  heated  for  a  long 
time,  the  alkali  may  in  part  escape  in  vapour,  and  if  other  bases  exist  in  the  com- 
pfmnd,  it  then  often  assumes  a  crystalline  structure  on  cooling.  The  alkaline  silicates 
by  themselves  are  soluble  in  water,  and  decomposed  by  acids  j  the  silicate  of  lime 
la  also  dissolved  by  acids,  but  the  double  silicates,  on  the  contrary,  resist  the  action 
of  acids,  particularly  when  they  contain  an  excess  of  silicic  acid,  and  form  an  avail- 
able glass.  The  following  table  exhibits  the  composition  of  the  best  known  kind^ 
of  glass,  from  the  analyses  of  Dumas  and  of  Faraday : — 
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COMPOSITION  OF  VARIETIES  OF  GLASS. 


Boheminn  glass 

Crown-glass 

Window-glass  .. 

Bottle-glass 

Flint-glass 

Crystal 

Strass  

Soluble  glass ... 


Silicic 
acid. 


C9 
63 
G9 
64 
45 
01 
S8 
C2 


Potassa. 


12 

22 

11  soda 

5 
12 

6 

8 
20 


Lime. 


9 
12 

la 

29 
0 
0 
0 
0 


I 
Ox.  lead.  lAlamina. 


0 

0 

0 

6  ox.  iron 

43 

33 

63 

0 


10 
8 
7 
0 
0 
0 
1 
0 


Water. 


0 
0 
0 
0 
0 
0 

0     I 

12     ! 


The  analysis,  by  Mr.  T.  Rowney,  of  the  superior  Bohemian  glass,  vhicb,  od 
account  of  its  difficult  fusibility,  is  employed  for  combustion-tubes,  gave  silicic  acid 
73.13,  potassa  11.49,  soda  3.07,  limo  10.43,  alumina  0.30,  scsquioxido  of  iron  0.1^ 
magnesia  0.26,  protoxide  of  manganese  0.4(3=99.27.  The  oxj'gen  of  the  bases  is 
to  that  of  the  silicic  acid  as  1  to  G.  The  specimen  was  decompased  by  fusion  with 
carbonate  of  soda,  for  the  earths,  and  by  fusion  with  hydrate  of  baryta  for  the  alka- 
lies (Mem.  Chem.  Soc.  iii.  299). 

Silicate  of  soda  and  lime.  —  To  form  window-glass,  100  parts  of  quartzy  sand 
arc  taken,  with  35  to  40  parts  of  chalk,  30  to  35  parts  of  carbonate  of  soda,  aod 
180  parts  of  broken  glass.     Those  materials  are  first  fritted,  or  heated  so  as  to  cause 
the  expulsion  of  water  and  carbonic  acid,  and  to  produce  an  agglutination  of  their 
particles,  and  afterwards  completely  fused  in  a  large  clay  crucible  of  a  peculiar  con- 
struction ;  or  fused  at  once,  the  fritting  being  now  generally  discontinued.     For  the 
first  formation  of  the  glass  a  higher  temperature  is  required  than  that  at  which  it  is 
most  thick  and  viscid,  and  in  the  proper  condition  for  working  it.     At  the  latter 
temperature  the  substance  possesses  an  extraordinary  degree  of  ductilitv,  and  maj 
be  dniwn  out  into  threads  so  fine  as  to  be  scarcely  visible  to  the  e3'c.     A'  portion  rf 
the  plastic  mass,  on  the  extremity  of  an  iron  tube  used  as  a  blow-pipe,  may  be 
expanded  into  a  globular  flask,  and  pressed  or  bent  into  vessels  of  any  fi^rm,  which 
may  be  pared  and  fashioned  by  the  sciissors.     At  a  lower  temperature,  glass  vessels 
become  rigid,  and,  when  cold,  brittle  in  the  extreme,  unless  they  be  annealed,  that 
is,  kept  for  several  hours  at  a  temperature  progressively  lowered  from  the  highe&i 
degree  which  the  glass  can  boar  without  softening  to  the  temperature  of  the  atmo- 
sphere.    The  well-known  glass  tears,  or  IVince  Rupert's  drops,  as  they  are  caUed, 
which  are  made  by  allowing  drops  of  melted  glass  to  fall  into  water,  illustrate  the 
peculiar  properties  of  unannealcd  glass.     The  surface  becoming  solid  by  the  snddei 
cooling,  while  the  interior  is  still  at  a  high  temperature,  and  consequently  dilated) 
the  drop  is  of  greater  volume  than  it  would  be  if  cooled  slowly  and  equally  through- 
out its  mass.     Its  particles  are  thus  in  a  state  of  extreme  tension,  and  an  injuirto 
any  part  causes  the  whole  mass  to  fly  to  pieces.     The  fracture  of  unannealed  veseebi 
which  is  the  immediate  consequence  of  scratching  their  surface,  has  been  compued 
to  the  efi(?ct  upon  a  sheet  of  cloth  forcibly  stretched,  of  injuring  ita  cd'^c  in  the 
smallest  degree  by  a  knife  or  scissors.     It  then  ceases  to  preserve  its  iutegritjby 
Resisting  the  tension,  and  is  torn  across.     The  relative  proportions  of  the  ingrcdieBtt 
of  this  and  other  species  of  glass  is  subject  to  some  variation.     But  the  oxygen  is 
the  bases  of  wiiidow-gla>s  k  to  the  oxygen  of  the  silicic  acid  nearly  as  1  to  4;  the 
composition  approaching  the  formula  3Na0.oCaO-f  SSiOa.     This  glass  hasagre* 
tint,  which  is  very  obvious  in  a  considerable  mass  of  it,  occasioned  in  i>art.  it  b»I 


be,  by  the  impurities  of  the  materials,  but  a  certain  degree  of  which  appears  to  h 
essential  to  a  soda-glass.     For  in  all  the  finer  and  entirely  colourless  varieties  of  ^ 
it  is  necessary  to  use  potassa. 

Silicates  of  potassa  and  lime,  —  Plate-glass  used  for  mirrors^  crown-clflfls^  tfi 
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autiful  Bohemian  glass,  arc  of  this  composition.  In  the  most  remarkaMe 
js  the  oxygen  of  the  bases  is  to  that  of  the  acid  as  1  to  G,  and  the  ox^-gen  of 
ic  to  tliiit  of  the  potassa  in  proportions  which  vary  from  1  and  |  to  1  and  1. 
:ipo«iti(Mi  approaches  the  formula  KO.CaO  -f  4Si03.  This  is  the  glass  of 
flicult  fiisihiiity,  and  therefore  most  suitable  for  the  combustion-tubes  employed 
nic  analysis.  From  its  purity,  and  the  absence  of  oxide  of  lead,  it  is  also 
lie  basis  of  most  coloured  glasses,  and  of  stained  glass.     To  produce  coloured 

certain  metiillic  oxides  are  mixed  with  the  fused  glass  in  the  pot;  oxide  of 
for  instance,  for  a  blue  colour,  oxide  of  copper  for  green,  binoxide  of  manga- 

suiall  proportion  for  an  amethystine  glass,  and  in  large  proportion  for  a  black 

>eroxide  of  uranium  for  a  delicate  lemon-yellow  tint,  and  gold  for  a  ruby  glass. 

ned  glass,  on  the  other  hand,  the  metal  or  metallic  oxide  is  merely  applied 

prnptT  flux  to  the  surface  of  the  glass,  which  is  then  exposed  in  an  oven  to  a 

Titure  sufficient  to  fuse  the  colouring  matter,  without  distorting  the  sheet  of 

DifTcrent  shades  of  yellow  and  orange  are  thus  produced  by  means  of  silver 
timony,  and  a  superb  ruby-red  by  a  proper,  but  difficult,  application  of  sub- 
►f  copper.  The  beautiful  avanturine  glass  contains  crystals  of  metallic  copper, 
•ecn  frhade  of  ordinary  glass  is  chiefly  due  to  protoxide  of  iron,  and  is  corrected 
nail  addition  of  binoxide  of  manganese  (hence  called  fyrolusilcjj  which  raises 
n  to  the  state  of  sesquioxide,  in  which  it  is  not  injurious,  while,  at  the  same 
he  binoxide  of  manganese,  by  losing  oxygen,  passes  into  the  state  of  the 
e>:s  protoxide  of  that  metiil. 

c.atcs  of  potassa  and  lead,  —  These  substances  enter  into  the  composition  of 
rer  and  more  brilliant  species  of  glass  in  use  in  this  country ;  such  as  that 
Tystal,  of  which  most  drinking  vessels  are  made,  flint-glass  for  optical  purposes, 
•a.ss,  which  is  employed  in  imitations  of  the  precious  stones.  For  crystal,  the 
lis  are  taken  in  the  following  proportions:  120  parts  of  fine  sand,  about  40 
ified  pota.shes,  35  of  litharge  or  minium,  and  12  of  nitre.  In  this  glass  the 
I  of  the  bases  is  to  that  of  the  silicic  acid  as  1  to  a  number  which  may  vary 

tn  0,  and  the  oxygen  of  the  potassa  is  to  that  of  the  oxide  of  lead  as  1  to  a 
r  varying  from  1  to  2.5.  In  flint-glass,  and  in  strass,  the  oxygen  of  the  bases 
lat  «»f  the  silicic  acid  as  1  to  4,  and  the  oxygen  of  the  potassa  is  to  that  of  the 
of  lead  as  2  to  o  in  flint-glass,  and  as  1  to  3  in  strass  (Dumas).  The  more 
>f  load  glass  contiins,  the  higher  its  density;  the  density  of  this  iind  of  glass 
ing  3.0,  while  that  of  the  JJohemian  glass  does  not  rise  higher  than  2.4. 
[•ontaining  oxide  <»f  h'ad  is  rcconimended  by  its  greater  fusibility  and  softness, 
ich  it  is  more  easily  fa.>hi<.>ned  into  various  forms,  and  by  its  great  brilliancy, 
is  remarkable  in  lustres  and  other  objects  of  cut  glass.  The  presence  of  lead 
s  is  at  once  discovered  by  its  surface  acquiring  a  metallic  lustre  when  heated 
ie.=?s  in  the  reducing  flame.  Enamel  is  a  white  and  very  fusible  glass,  con- 
\  a  white  opaque  substance  suspended  in  its  mass.  It  is  generally  prepared 
he  stannate  of  lead,  formed  by  heating  and  oxidizing  together  15  parts  of  tin 
10  of  lead.  This  is  afterwards  fused  with  50  parts  of  sand  and  40  parts  of 
ate  of  potassa.  Besides  binoxide  of  tin,  arsenions  acid,  oxide  of  antimony, 
latc  of  lime,  and  sulphate  of  potassa,  are  employed  to  give  opacity  to  enamel. 
cates  of  alumina^  of  the  oxides  of  iron,  magnesia^  and  potassa  or  soda.—^ 
or  bottle-glass,  of  which  wine-bottles,  carboys,  and  glass  articles  of  low  price 
,  is  a  mixture  of  these  silicates.  It  is  formed  of  the  cheapest  materials,  such 
d,  with  soap-makers'  waste,  lime  that  has  been  used  to  render  alkali  caustic, 
n  the  bottle-glass  of  this  country  the  small  quantity  of  alkali  is  chiefly  soda, 
kaline  sulphates,  when  fused  with  silicic  and  carbonaceous  matter,  lose  their 
ric  acid,  and  become  silicates;  even  common  salt  is  decomposed  by  the  united 
of  silicic  acid  and  the  aqueous  vapour  in  flame,  but  much  of  it  is  lost  from  its 
)latility.  The  proportion  of  silicic  acid  to  the  bases  is  much  less  in  this  than 
other  kinds  of  ghuss,  the  oxygen  of  the  former  being  to  the  latter  as  2  to  1 ; 
e  oxygen  «of  (ho  alumina  and  sesquioxide  of  iron  equal  to  that  of  the  potassa 
26 
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and  lime.  This  glass  is,  in  fact,  a  mixture  of  neutral  and  suMIicates,  and,  wlicn  H 
contains  an  excess  of  lime,  is  more  apt  tlian  any  of  the  preceding  species  to  assume 
a  crystalline  structure  when  maintuned  long  in  a  soft  condition  l^  heat 

A  bottle  of  green  glass  may  be  devitrified,  or  converted  into  what  is  called  Reau- 
mur's porcelain,  by  enveloping  it  in  sand,  and  placing  it  where  its  tcmpetature  is 
kept  high  for  several  weeks,  as  in  a  brick-kiln  or  porcelain-fomacc.  Glass  of  all 
kinds,  when  strongly  and  repeatedly  heated,  loses  alkali,  from  its  volatility;  the  glass 
then  becomes  harder  and  less  fusible,  and  is  not  so  easily  wrought, — a  circumstance 
which  may  sometimes  be  remarked  in  blowing  a  bulb  upon  a  tube  which  has  been 
too  long  exposed  to  the  blow-pipe  flnme.  Gloss  of  all  kinds,  when  well  manofoo- 
tured,  is  supposed  to  be  insoluble  in  water,  but  it  is  eventually  acted  upon,  and 
soonest  when  its  natural  surface  is  broken ;  water  tending  to  resolve  glass  into  a 
soluble  alkaline  silicate  and  an  insoluble  earthy  silicate.  Glass  bottles  containing  a 
large  proportion  of  lime  may  be  corroded  through  by  sulphuric  acid.  An  excess  of 
alumina  also  makes  glass  ver}'  easily  attacked  by  acids,  even  by  the  bitartrate  of 
potasita  in  wines.  In  common  with  all  natural  and  artificial  silicates,  glass  is  attacked 
by  hydrofluoric  acid,  with  the  formation  of  the  volatile  fluoride  of  silicon.  (See  the 
Treatise  on  Glass,  in  Kuapp's  Chemical  Technology,  edited  by  Konalds  and  Richard 
son,  vol.  ii.) 

Ultramarine. — This  beautiful  blue  pigment  is  extracted  by  mechanical  operations 
from  the  mineral  Lapis  lazuli.  The  structure  of  the  mineral  is  granular  and  slijihtlT 
laminated  :  its  constituents  are,  silicic  acid  45.40,  alumina  31.67,  soda  9.09,  suipho- 
ric  acid  5.89,  sulphur  0.95,  lime  3.52,  iron  0.86,  chlorine  0.42,  water  0. 12 =97.9-J. 
It  was  first  imitated  successfully  by  M.  Guimet  in  1827.  The  process,  according  to 
M.  Bebette,  appears  to  be  first  the  preparation  of  a  polysulphide  of  sodium,  which 
is  afterwards  calcined  with  prepared  clay  and  protofiulphate  of  iron,  so  as  to  form 
sulphide  of  iron.  The  last  product  in  fine  powder  is  heated  in  a  muffle  with  expo^cre 
to  air  for  several  hours,  when  it  becomes  in  succiission  brown,  red,  gre^n,  and  bine. 
The  excess  of  sulphide  of  sodium  and  other  salts  is  washed  out  of  the  powder,  which, 
dried  and  washed  ag;iin  at  a  moderate  temperature,  gives  an  ultramarine  of  a  magni- 
ficent blue  tint.  The  process  is  an  extremely  delicate  one,  and  the  nature  of  the 
substance  which  gives  the  blue  colour  is  very  obscure.  A  sulphide  of  sodium  i^ 
supposed  to  be  essential  to  its  composition,  as  the  colour  is  destroyed  by  acids,  with 
evolution  of  the  hydrosulphuric  acid ;  while  the  substitution  of  carbonate  of  p^'ta^^a 
for  carbonate  of  soda  gives  a  compound  corresponding  to  ultramarine,  but  which  n 
colourless.     (Pelouzc  et  Fremy,  Cours  de  Chim.  G(;ner.  ii.  117). 

SECTION  III. 

LITHIUM. 

Eq.  6.43  or  80.37 ;  Li. 

Lithium  is  the  metallic  basis  of  a  rare  alkaline  oxide,  lithia,  discovered  in  ISl 
by  Arfwedson.  (Ann.  de  Ch.  et  de  Ph.  x.  82).  The  name  lithia  (from  i»Bm 
stony)  was  applied  to  it,  from  its  having  been  first  derived  from  an  earthy  mioen 
The  metal  was  obtained  by  Davy  by  the  voltaic  decomposition  of  lithia,  and  obserw 
to  be  white,  resembling  sodium,  and  to  be  highly  oxidable.  The  equivalent  c 
lithium  is  much  smaller  than  that  of  any  other  mctal^  and  its  oxide  has  therefore 
high  Haturating  power. 

Lithia ;  LiO.  —  The  only  known  oxide  of  lithium  is  a  protoxide.  It  exists  i 
small  quantities  in  the  minerals  spodumene  or  triphane,  petalite,  and  lepidolitc;  bi 
the  mineral  containing  lithia,  which  is  most  abundant,  is  a  native  phosphate  occurnt 
at  Habcnstcin  in  Bavaria,  and  which  consists  of  phosphoric  acid  42.64,  oxide  of  in 
49.10,  oxide  of  manganese  4.75,  and  lithia  3.45.  This  mineral  is  dissolved  ' 
hydrochloric  acid,  the  iron  peroxidized  by  a  little  nitric  acid,  the^atioa  dilst* 
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witb  water,  and  then  ammonia  added,  which  precipitates  the  insoluble  phosphate  of 
Bcsquioxidc  of  iron.  The  mangancf»e  is  afterwards  removed  by  hjdrosulphoric  acid, 
the  liquid  filtered,  evaporated  to  dryness,  and  the  residue  calcined  to  volatilize  the 
ammoniacal  salts ;  tlic  chloride  of  lithium  is  then  taken  up  by  alcohol. 

The  hydrate  of  litbia  resembles  hydrate  of  potassa  in  causticity,  but  is  less  soluble 
in  wator,  and  loses  its  conibincd  water  at  an  elevated  temperature.  Sulphur  acts 
upon  it  in  the  same  manner  as  upon  potissa.     Its  salts  are  colourless. 

The  chloride  is  very  soluble  in  water,  as  well  as  in  absolute  alcohol,  and  fuses  at 
a  bi«;h  temperature.     It  crystallizes  in  cubes  containing  4110. 

The  carbon.ite  of  litliia  has  a  certain  degree  of  solubility,  and  its  solution  has  an 
alkaline  reaction,  properties  upon  which  the  claim  of  lithia  to  be  ranked  among  the 
alkalies,  instead  of  the  alkaline  earths,  is  chiefly  rested.  The  fluoride  of  lithium 
has  the  sparing  solubility  of  the  carbonate. 

The  sulphate  of  lithia  is  soluble,  and  presents  itself  in  fine  crystals,  which  are 
persistent  in  air.  It  forms  a  double  salt  with  sulphate  of  soda,  of  which  the  formula 
is  LiO.SO,4-NaO.SO,4-GIIO.  The  nitrate  and  acetate  are  both  very  soluble  and 
deliquescent. 

The  neutral  phosphate  of  lithia  is  slightly  soluble  in  water,  but  considerably  more 
80  than  the  double  phosphate  of  lithia  and  soda,  which  remains  as  an  insoluble 
powder  when  the  solution  of  lithia  is  evaporated  to  dryness  with  that  of  phosphate 
of  soda.  Ilence  phosphate  of  soda  is  used  as  a  test  of  lithia.  The  salts  of  lithia 
are  also  recognized,  when  heated  on  platinum  wire  before  the  blow-pipe,  by  tinging 
the  flame  of  a  red  colour. 

[See  Supplement,  p.  811.] 


ORDER  II. 

METALLIC  BASES  OF  THE  ALKALINE  EARTHS. 

SECTION    I. 
BARIUM. 

Eq.  68.64  or  858;  Ba. 

Barium,  the  metallic  basis  of  the  earth  baryta,  was  obtained  by  Davy  in  1808, 
by  the  voltaic  decomposition  of  moistened  carbonate  of  baryta  in  contact  with  mer- 
cury :  it  may  likewise  be  procured  by  passing  potassium  in  vapour  over  baryta 
heated  to  redness  in  an  iron  tube,  and  afterwards  withdrawing  the  reduced  barium, 
which  the  residue  contains,  by  means  of  mercury.  The  latter  metal  is  separated  by 
distillation  in  a  glass  retort,  care  being  taken  not  to  raise  the  temperature  to  redness, 
for  the  barium  then  decomposes  glass.  Barium  is  a  white  metal  like  silver,  fusible 
under  a  red  heat,  denser  than  oil  of  vitriol,  in  which  it  sinks.  It  oxidates  with 
Tivacity  in  water,  disengages  hydrogen,  and  is  converted  into  baryta.  It  is  named 
barium  (from  ^o^r*  heavy),  in  allusion  to  the  great  density  of  its  compounds. 

Baryta;  BaO,  76.64  or  958.  —  This  earth  exists  in  several  minerals,  of  which 
the  most  abundant  are  sulphate  of  baryta  or  heavy-spar,  and  the  carbonate  of  baryta 
or  witherite.  The  earth  is  obtained  in  the  anhydrous  condition  and  pure,  by  cal- 
dnating  nitrate  of  baryta,  at  a  bright-red  heat,  in  a  porcelain  retort,  or  in  a  well- 
corered  cracible  of  porcelain  or  silver,  but  not  of  platinnm.  Baryta  is  a  erey  pow- 
der, of  which  the  density  is  about  4.  When  heated  to  redness  in  a  porcelain  tube, 
and  oxygen  gas  passed  over  it,  it  absorbs  that  gas  with  avidity,  and  becomes  binoxide 
of  bariam,  the  compound  for  the  preparation  of  which  anhydrous  baryta  is^  chiefly 
required.    Buyta  slakes  and  falls  to  powder  when  water  is  thrown  upon  it^  com- 
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billing  with  one  equivalent  of  water  with  the  evolution  of  so  much  heat  as  to  beotmie 
incandeficcnt. 

Hydrate  of  baryta  is  a  valuable  reagent  Of  the  difierent  processes  for  this  m\h 
stance,  one  of  the  most  convenient  is  that  from  the  native  sulphate.  This  is  a  soft 
mineral,  and  easily  reduced  to  an  impalpable  powder,  which  is  intimately  mixed 
with  one-eighth  of  its  weight  of  coal  pounded  and  sifted,  or  with  one-third  charcoal- 
powder  and  one-fourth  resin ;  the  mixture  is  introduced  into  a  Cornish  crucible,  and 
exposed  in  a  furnace  to  a  bright-red  heat  for  an  hour.  The  sulphate  is  converted  by 
this  treatment  into  sulphide  of  barium ;  the  last  salt  is  dissolved  out  of  the  blacj[ 
residuary  mass  by  boiling  water,  and  the  solution,  which  generally  has  a  yellow  tint 
but  is  sometimes  colourless,  is  filtered  while  still  hot  The  solution,  if  strong,  may 
crystallize  on  cooling,  in  thin  plates.  As  the  sulphide  absorbs  oxygen  from  the  lur, 
and  returns  to  the  state  of  sulphate  of  baryta,  it  must  not  be  exposed  long  in  open 
vessels.  To  a  boiling  solution  of  sulphide  of  barium  in  a  flask,  black  oxide  of 
copper  from  the  nitrate  is  added,  in  successive  small  portions,  till  a  drop  of  the  liquid 
ceases  to  blacken  a  solution  of  lead,  and  precipitates  it  entirely  wliite :  the  liquid 
then  contains  only  hydrate  of  baryta  in  solution.  It  may  immediately  bo  filtered, 
with  little  access  of  air,  to  prevent  absorption  of  carbonic  acid.  Tho  decomposition 
in  this  process,  for  which  we  are  indebted  to  Dr.  Mohr  of  Coblentz,  is  rather  com- 
plicated. Six  cq.  of  sulphide  of  barium  and  8  eq.  of  oxide  of  copper  producing  5 
eq.  of  baryta,  1  eq.  of  hyposulphite  of  baryta,  and  4  eq.  of  subsulphide  of  copper, 
of  which  the  first  only  is  soluble  : 

6  BaS  and  8CuO=5BaO  and  BaO.SjO,  and  4CuaS. 

Binoxidc  of  manganese  may  be  substituted  in  this  process  for  oxide  of  copper,  bat 
generally  gives  a  solution  of  baryta  coloured  by  some  impurity.  The  reaction  is 
then  similar : 

6BaS  and  4MnOa=5BaO  and  BaO.SaOj  and  4MnS. 

If  the  solution  of  sulphide  of  barium  has  been  concentrated,  the  greater  part  of  the 
hydrate  of  baryta  separates  on  cooling  in  voluminous  and  transparent  cr}'sitab,  con- 
taining lono. 

Hydrate  of  baryta  may  also  be  obtained  by  adding  caustic  pota.ssa  to  a  saturated 
solution  of  chloride  of  barium ;  hydrate  of  baryta  precipitates,  and  must  be  redi5- 
solved  in  boiling  water,  and  crystallized  by  cooling,  to  purify  it.  It  is  soluble  in  3 
parts  of  boiling  water,  and  in  20  parts  of  water  at  60*^.  Baryta  retains  1  eq.  of 
water  with  great  force  like  the  fixed  alkalies.  This  combination  is  fusible  a  little 
below  redness,  and  runs  like  an  oil;  it  congeals  into  a  crystalline  mass,  which 
attracts  carbonic  acid  very  slowly  from  air,  and  is  therefore  the  most  favourable 
position  in  which  to  preser\'e  hydrate  of  baryta. 

Tho  solution  of  baryta  is  strongly  caustic,  although  less  so  than  potassa  or  soda, 
and  disorganizes  organic  matter  rapidly ;  it  is  poisonous,  in  common  with  all  the 
soluble  preparations  of  barium.  Chlorine  decomposes  baryta  in  the  same  manner  as 
it  does  the  alkalies.  Sulphur  is  dissolved  in  the  solution  of  baryta  with  the  aid  of 
heat,  and,  according  to  the  temperature,  a  sulphate  or  hyposulphite  is  formed,  with 
tho  trisulphide  of  barium  of  a  green  colour.  When  heated  to  redness  in  the  vapour 
of  phosphorus,  baryta  is  converted  into  phosphate  of  baryta  and  phosphide  of  bariua. 
On  dropping  oil  of  vitriol  upon  dry  baryta  and  strontia,  the  combination  is  said  to 
produce  light  with  the  first,  but  not  with  the  second.  Baryta,  whether  free  or  in 
combination  with  an  acid  as  a  soluble  salt,  is  discovered  by  means  of  sulphuric  acid, 
which  throws  down  sulphate  of  baryta,  a  compound  not  decomposed  by,  nor  soluble 
in,  nitric  and  hydrochloric  acids. 

Binoxide  of  barium;  BaOj;  84.G4  or  1058.  —  This  compound  is  prepared  by 
exposing  anhydrous  baryta,  from  the  nitrate,  to  pure  oxygen  at  a  red  heat;  or  by 
beating  pure  baryta  to  low  redness  in  a  porcelain-crucible,  and  then  gradually  adding 
chlorate  of  potassa,  in  tho  proportion  of  about  1  part  of  the  latter  to  4  of  the  ionner. 
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The  chloride  of  potassium  formed  at  the  same  time,  is  removed,  by  cold  water,  from 
the  binoxide  of  barium,  while  the  latter  unites  with  6II0.  Binoxide  of  barium, 
when  decomposed  by  dilute  acids  with  proper  precautions,  affords  binoxide  of 
hydrogen. 

Chloride  of  barium;  BaCl-hSHO;  104.14-f  18  or  1301.76+225.  — A  reagent 
of  constant  use,  which  is  obtained  by  dissolving  native  carbonate  of  baryta  in  pure 
hydrochloric  acid  diluted  with  3  or  4  times  its  bulk  of  water,  or  by  neutralizing  sul- 
pliido  of  barium  by  the  same  acid.  It  crystallizes  from  a  concentrated  solution  in 
flat  four-sided  tables,  bevelled  at  the  edges.  The  crystals  contain  2H0  (14.75  per 
cent,  of  water),  which  they  lose  below  212*^.  They  are  said  to  be  soluble  in  400 
parts  of  anhydrous  alcohol :  100  parts  of  water  dissolve  43.5  parts  at  60°,  and  78 
parts  at  222°,  which  is  the  boiling-point  of  the  solution. 

Carbonate  of  baryta;  BaO.CO^;  98.04  or  1283.01.  — This  salt  consists  in  100 
parts  of  22.41  carbonic  acid,  and  77.59  baryta.  The  density  of  the  native  carbonate 
is  4.331  ]  it  is  not  attacked  by  sulphuric  acid,  and  retains  its  carbonic  acid  at  the 
highest  temperatures.  The  precipitated  carbonate  is  decomposed  by  sulphuric  acid, 
and  loses  it^  carbouic  acid  when  calcined  at  a  white  heat,  in  contact  with  carbonaceous 
matter.  It  is  obtained  of  greater  purity  when  precipitated  by  the  carbonate  of  am- 
monia, than  by  the  carbonate  of  potassa  or  soda,  portions  of  which  are  apt  to  go 
down  in  combination  with  carbonate  of  baryta.  Although  reputed  an  insoluble  salt, 
carbonate  of  baryta  is  soluble  in  2300  parts  of  boiling  water,  and  in  4300  parts  of 
cold  water.  It  is  still  more  soluble  in  water  containing  carbonic  acid,  and  is  highly 
poisonous.  The  precipitated  carbonate  of  baryta,  or,  better,  the  hydrate  of  baryta, 
is  employed  in  the  analysis  of  silicious  minerals,  containing  an  alkali,  which  are  not 
soluble  in  an  acid.  The  mineral,  in  the  state  of  an  impalpable  powder,  is  intimately 
mixed  with  4  or  5  times  its  weight  of  the  hydrate,  and  exposed  in  a  silver-crucible 
to  a  red  heat,  which  occasions  a  semi-fusion  of  the  mixture  and  the  decomposition 
of  the  silicates;  the  mineral  afterwards  dissolving  entirely  in  an  acid,  with  the 
exception  of  its  silica. 

Sulphate  of  baryta;  BaCSOj;  110.64  or  1458.01.  — This  salt  consists,  in  100 
parts,  of  34.37  sulphuric  acid  and  65.63  baryta.  The  density  of  heavy-spar,  or  the 
native  sulphate,  varies  from  4  to  4.47.  It  occurs  in  considerable  quantities  in  trap 
and  other  igneous  rocks,  forming  often  veins  of  several  feet  in  thickness,  and  miles 
in  extent.  It  is  mined  for  the  purpose  of  being  substituted  for  carbonate  of  lead,  or 
being  mixed  with  that  substance,  when  used  as  a  pigment.  When  chloride  of  barium 
is  added  to  sulphuric  acid,  or  to  a  soluble  sulphate,  at  the  boiling  temperature,  sal- 
phatc  of  baryta  precipitates  readily,  in  a  dense  crj'stalline  powder,  which  may  easily 
be  collected  and  washed  on  a  filter.  It  is  completely  insoluble  in  water  and  dilute 
acids,  but  is  soluble  in  concentrated  and  boiling  sulphuric  acid,  from  which  it  crys- 
tallizes on  cooling.  Precipitated  sulphate  of  baryta  is  partially  decomposed  in  a 
concentrated  and  boiling  solution  of  carbonate  of  potassa  or  soda,  and  carbonate  of 
baryta  formed. 

J^ntrate  of  baryta;  BaO.NO,;  130.64  or  1633.01.  — This  salt  crystallizes  in 
fine  tran.sparent  octohcdrons,  which  are  anhydrous.  It  is  obtained  by  dissolving 
carbonate  of  baryta  in  nitric  acid  diluted  with  8  or  10  times  its  weight  of  water;  or 
by  mixing  the  acid,  also  in  a  diluted  state,  with  the  solution  of  sulphide  of  barium. 
It  requires  12  parts  of  water  at  60°,  and  3  or  4  parts  of  boiling  water,  for  solution ; 
it  IS  insoluble  in  alcohol.  The  nitrate  of  baryta  is  employed  as  a  reagent,  and 
aL$o  in  procuring  anhydrous  baryta. 

The  chlorate  and  hyposulphate  of  baryta  are  soluble,  the  iodate^  salphite,  hypo- 
sulphite and  phosphates  of  baryta,  insoluble  salts. 

[See  Stipplcment,  p.  812.] 


406  STROXTIA. 

SECTION  II. 

STRONTIUM. 

Eq.  43.84  or  548.02.     Sr. 

Strontium  is  prepared  in  the  same  way  as  barium,  wbicli  it  greatly  resembles.  It 
18  a  white  metal,  denser  than  oil  of  vitriol.  It  derives  its  name  from  Strontiaii|  a 
mining  village  in  Argyleshire. 

Stroniiaj  Strontiany  or  Stroniites;  SrO;  51.84  or  648.02.  —  The  native  carbo- 
nate of  strontia  was  first  distinguished  from  carbonate  of  baryta  by  Dr.  Crawford,  id 
1790,  who  conceived  thb  idea  that  the  former  mineral  might  contain  a  new  canh. 
This  conjecture  was  verified  in  1793,  by  Dr.  Hope  ^Ediub.  Trans,  iv.  14);  and 
much  about  the  same  time  also  by  Klaproth.  The  eartli,  strontia,  is  to  baryta  what 
soda  is  to  potassa.  It  occurs  in  nature  as  carbonate  and  more  abundantly  as  sul- 
phate. Strontia  may  be  prepared  by  a  strong  calcination  of  the  native  carbonate  in 
contact  with  carbon.  It  is  lighter  than  baryta,  and  has  a  taste  which  ia  less  acrid 
and  caustic,  but  stronger  than  that  of  lime.  It  is  said  not  to  be  poisonous.  The 
hydrate  crystallizes  with  9H0,  but  retains  only  one  equivalent  at  212®  (Mr.  Smith). 
This  last  hydrate  enters  into  fusion  at  a  very  high  temperature,  without  losing  its 
combined  water.  The  anhydrous  earth,  like  baryta,  is  infusible.  The  crystallized 
hydrate  requires  52  parts  of  water  to  dissolve  it  at  C0°,  but  only  twice  its  weight 
at  212^ 

The  soluble  salts  of  strontia  are  prepared  from  the  carbonate.  They  are  precipi- 
tated by  sulphuric  acid  and  by  soluble  sulphates,  but  not  so  completely  as  the  salts 
of  baryta,  the  sulphate  of  strontia  having  a  small  degree  of  solubility.  Hence, 
when  sulphate  of  soda  is  added  in  excess  to  a  salt  of  strontia,  and  the  precipitate 
separated  by  filtration,  so  much  sulphate  of  strontia  remains  in  solution,  that  the 
liquid  yields  a  white  precipitate  with  carbonate  of  soda  (Dr.  Turner).  Most  of  the 
salts  of  strontia,  when  heated  on  platinum-wire  before  the  blow-pipe,  communicate  a 
red  colour  to  the  flame.  Baryta  and  strontia  in  solution  may  be  separated  by  hydro- 
fluosilicic  acid,  which  precipitates  baryta,  but  forms  with  strontia  a  salt  very  soluble 
in  a  slight  excess  of  acid.  Hyposulphite  of  strontia  being  soluble,  while  hyposul- 
phite of  baryta  is  insoluble,  these  earths  may  also  be  distinguished  by  means  of 
hyposulphite  of  soda. 

Binoxide  of  strontiumy  obtained  by  Thi^nard  in  brilliant  crystalline  scales,  on 
adding  binoxide  of  hydrogen  to  a  solution  of  strontia.  It  contains  two  cq.  of 
oxygen. 

Chloride  of  strontium  crystallizes  in  slender  prisms,  which  contain  OHO,  and 
are  slightly  deliquescent.  This  salt  is  soluble  in  three-fourths  of  its  weight  of  cold 
water,  and  in  all  proportions  in  boiling  water.  At  the  ordinary  temperature  it  dis» 
solves  in  24  parts  of  anhydrous  alcohol,  and  in  19  parti?  of  alcohol  boiling.  In  this 
respect  it  differs  from  chloride  of  barium,  which  is  insoluble  in  alcohol.  Chloride 
of  strontium  communicates  to  flame  a  fine  red  tint.  In  the  anhydrous  condition  this 
chloride  absorbs  4  eq.  of  ammonia,  and  becomes  a  white  bulky  powder. 

Carbonate  of  strontia  forms  the  mineral  stronlianile,  which   generally  has  i 


parts  of  boiling  water.  It  is  more  soluble  in  water  containing 
carbonic  acid,  and  occurs  in  some  mineral  waters.  It  retains  its  carbonic  acid  when 
calcined. 

Sulpliate  of  strontia  is  known  as  cclestinCy  and  occurs  in  regular  crystals  of  the 
same  form  as  sulphate  of  baryta.  Its  density  is  about  3.89.  It  is  soluble  in  from 
pOOO  to  4000  parts  of  water,  and  the  solution  is  sensibly  precipitated  by  chloride  of 
barium.     The  mineral  is  found  in  considerable  quantity  associated  with  Tolauuc  bdI* 
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pLiir,  jind  in  otbcr  formations.  A  large  deposit  of  it  exits  in  the  neighbourhood  of 
liristol,  from  which  it  may  be  obtained  in  sufficient  quantity  for  any  application  in 
the  arts.  The  various  compounds  of  strontium  may  be  prepared  from  the  sulphate 
of  stroiitia  precisely  in  the  same  manner  as  those  of  barium  from  the  sulphate  of 
burvtii. 

Jlif/josuJphite  of  slrontia  is  crystallizable,  and  soluble  in  4  parts  of  cold,  and  1} 
parts  of  boiling  water.  It  loses  31  per  cent,  of  water  of  crptallization  between  122° 
a!ul  140",  without  any  other  change. 

•Vifrate  of  stronfia  crystallizes  at  a  high  temperature  in  regular  octohedrons,  of 
di'n.«*ity  2.857,  which  are  anhydrous,  but  it  is  generally  obtained  at  a  low  temperop 
turo  in  crystals,  which  contain  5II0,  of  density  2.113  (Filhol).  The  anhydrous 
salt  di.^jsolves  in  6  parts  of  cold  water,  and  in  1  part  of  boiling  water.  A  deflagrating 
mixture,  which  produces  an  intensely  red  illumination,  is  formed  of  40  parts  of 
nitrate  of  strontia,  13  parts  of  flowers  of  sulphur,  5  parts  of  chlorate  of  potiissa,  and 
4  parts  of  sulphide  of  antimony. 

The  salts  of  baryta,  strontia,  and  protoxide  of  lead,  are  strictly  isomorphous,  and 
greatly  resemble  each  other  in  solubility  and  other  properties.  Hydrofluosilicic  acid 
is  employed  to  separate  baryta  from  strontia,  as  it  precipitates  the  former  but  not 
the  latter.  Neutral  chromate  of  potassa,  which  precipitates  salts  of  baryta  imme- 
diately, precipitates  only  slowly  the  salts  of  strontia.  In  analysis,  strontia  is  gene- 
rally estimated  as  sulphate,  but  as  the  latter  is  not  completel}'  insoluble^  an  addition 
of  alcohol  is  made  to  the  water  employed  to  wash  the  precipitate. 

[5cc  iSupplemcnt,  p.  814.] 

SECTION  III. 

CALCIUM. 

Eq,  "20,  or  250 ;  Ca. 

Pavy  obtained  evidence  of  the  existence  of  this  metal,  and  of  its  analogy  to  the 
preceding  metals.  It  is  the  basis  of  lime.  The  name  applied  to  it  is  derived  from 
calx.     [i)V/'  Svppif'mrnfj  p.  815.] 

Lime ;  CaO ;  28,  or  350. — Uncombined  lime,  or  quicklime,  as  it  is  termed  in  the 
arts,  is  obtained  by  heating  masses  of  limestone  (carbonate  of  lime)  to  redness  ia 
an  oiicn  fire,  or  lime-kiln.  The  escape  of  the  carbonic  acid  is  favoured  by  the  pre- 
sence of  aqueous  vapour  and  the  gases  of  the  fire,  into  which  that  gas  can  diffuse 
(page  181).  In  a  covered  crucible,  carbonate  of  lime  may  bo  fused  by  heat  with- 
out decomposition.  The  lime,  properly  burnt,  remains  in  porous  masses,  which  may 
be  easily  separated  from  the  ashes  of  the  fuel,  and  are  sufficiently  hard  to  bo  tramh 
ported  from  place  to  place  without  falling  to  pieces.  Although  these  masses  appear 
light,  the  density  of  lime  is  not  less  than  2.3,  or  even  3.08,  according  to  Koyer  and 
Dumas.  Water  thrown  upon  them,  is  first  imbibed,  and  afterwards  combines  with 
the  lime,  which  falls  to  powder  in  the  state  of  hydrate,  and  is  then  said  to  be  slaked. 
In  this  combination  the  temperature  may  rise  to  572^,  (300^  C),  or  sufficiently 
high  to  char  wood.  From  its  affinity  for  water,  quicklime  is  applied  to  deprive  cer- 
tain liquids,  such  as  alcohol,  of  the  water  they  contain.  To  obtain  pure  lime,  the 
crystallized  carbonate  should  be  calcined,  such  as  calcareous  spar,  or  Carrara  marble. 
Lime,  in  common  with  other  infusible  earths,  phosphoresces  strongly  when  heated  to 
full  redness. 

The  only  hydrate  of  lime  known  contains  1  eq.  of  water,  which  it  loses  at  a  low- 
red  heat.  It  is  sparingly  soluble  in  water,  but  more  soluble  in  cold  than  in  hot 
water.  According  to  Dalton,  lime-water  formed  at  60°,  130%  and  212°,  contains  I 
grain  of  lime  in  778, 972,  and  1270  grains  of  water.  Hence  water  saturated  in  the 
cold  deposits  hydrate  of  lime  when  boiled.  By  eN'aporating  the  solution  in  vacti0| 
Gay-Luaaao  obtained  the  same  hydrate  of  lime  in  small  transparent  crystals  of  th^ 
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hexahcdral  form.     The  milk  or  cream  of  lime  is  merely  the  hjdnto  difiiued  throng 
water.     In  preparing  lime-water,  3  or  4  ounocs  of  skdced  lime  are  a^taled  sevenl 
times,  during  two  or  three  hours,  with  two  quarts  of  distilled  water,  and  then 
allowed  to  settle.     The  lime-water  first  drawn  off  generally  contains  a  little  potasn, 
and  should  not  therefore  be  considered  pure.     Limc>water  has  a  harsh  acrid  taste,  ii 
alkaline,  and,  to  a  certain  extent,  caustic.     It  precipitates  carhonic,  silicic,  horacic, 
and  phosphoric  acids  from  solutions  of  their  alkaline  salts.     It  dissokcs  oxide  of 
lead.     Lime-water  absorbs  carbonic  acid  rapidly  from  the  air,  and  becomes  covered 
by  a  pellicle  of  carbonate  of  lime.     Hydrate  of  lime  has  the  same  property,  absorb- 
ing about  half  an  equivalent  of  carbonic  acid  with  avidity,  but  not  acquiring  qoite 
BO  much  03  three-fourths  of  an  equivalent  by  two  or  three  weeks*  exposure  to  an 
atmosphere  of  the  gas.     Tuchs  observed,  that  when  hydrate  of  lime  is  exposed  to 
air,  it  absorbs  only  half  an  equivalent  of  carbonic  acid,  and  that  a  definite  compound 
of  hydrate  and  carbonate  was  formed.     In  the  anhydrous  condition,  lime  cxhibiis 
no  aifmity  for  carbonic  acid. 

Lime  is  characterized  by  affording  a  bulky  precipitate  of  sulphate  of  lime,  when 
sulphuric  acid  is  added  to  its  soluble  salts.  But  as  the  sulphate  of  lime  has  a  certain 
degree  of  solubility,  this  precipitate  does  not  appear  in  very  dilute  solutions  of  these 
salt',  nor  in  lime-water,  a  property  by  which  lime  may  be  distinguished  from  biirvu 
and  stroutia.  Sulphate  of  lime  may  also,  when  precipitated,  be  rc-dissolvcd  by  the 
addition  of  nitric  acid.  Lime  is  entirely  precipitated  from  neutral  solutious  by 
oxalate  of  ammonia,  the  oxalate  of  lime  being  completely  insoluble.  In  the  quan- 
titative estimation  of  this  earth,  it  is  therefore  generally  thrown  down  as  oxalate,  and 
afterwards  obtained  as  carbonate  of  lime,  by  heating  the  oxalate  nearly  to  rediKtS 
in  a  platinum  crucible,  in  which  a  small  fragment  of  carbonate  of  ammonia  is  dii«i- 
pated  at  tho  same  time,  to  prevent  any  lime  becoming  caustic  by  loss  of  carbonic 
acid. 

Lime  is  applied  to  a  variety  of  useful  purposes  in  ordinary  life  and  in  the  arts,  of 
which  the  most  important  are  its  applications  as  a  manure  for  land,  and  as  mortar. 
In  the  first  application,  lime  appears  to  be  chiefly  useful,  (1)  in  promoting  the  oxi- 
dation and  decomposition  of  the  insoluble  organic  matters  which  the  soil  contains, 
and  thereby  rendering  them  capable  of  sustaining  vegetable  life;  (2)  in  decomposing 
clay  and  rendering  its  potassa  soluble,  and  (3)  in  restoring  to  the  soil  the  calcareous 
element  which  is  annually  removed  in  the  crop.  In  the  formation  of  mortar,  the 
hydrate  of  lime  is  mixed  with  2  parts  of  coarse,  or  3  parts  of  fine  sand,  and  made 
into  a  paste  with  water.  In  building,  a  stone  is  laid  upon  a  bed  of  this  past<?,  which 
it  compresses  by  its  weight,  imbibing  moisture  also  from  the  mortar,  which  escapes 
principally  through  the  porous  stone.  Ou  drying,  the  mortar  binds  the  stones  be- 
tween which  it  is  interposed,  and  its  own  particles  cohere  so  as  to  form  a  hard  mass, 
solely  by  the  attraction  of  aggregation,  for  no  chemical  combination  takes  place  be- 
tween the  lime  and  sand,  and  the  stones  are  simply  united  as  two  pieces  of  wood  are 
by  glue.  The  sand  is  useful  in  rendering  insignificant  by  its  mass  tho  contraction 
of  the  mortar  on  drying,  and  also,  from  the  large  size  of  its  grains,  in  rendering  the 
dry  mortar  less  short  and  friable.  The  mortar  is  subject  to  an  ulterior  change,  from 
the  slow  absorption  of  carbonic  acid,  but  even  in  the  oldest  mortar  the  conversioo 
of  the  hydrate  of  lime  into  carbonate  is  never  complete.  The  lime  which  is  called 
fat  slakes  easily,  and  with  considerable  increase  of  volume;  lean  or  poor  lime  slikei 
imperfectly,  owing  frequently  to  the  presence  of  magnesia  in  a  proportion  exceeding 
10  or  12  per  cent;  the  latter  earth  having  a  comparatively  feeble  afliuity  for  water. 
Magnesian  lime  is  also  generally  considered  prejudicial  in  agriculture,  owing,  ii  ii 
8upp«)scd,  to  the  magnesia  long  remaining  caustic  in  the  soil. 

yome  limestones,  containing  about  20  per  cent  of  clay  or  silicate  of  alumina,  afford 
lime  which  possesses  a  valuable  property,  that  of  forming  with  water  a  mass  which 
becomes  solid  in  a  few  minutes,  and  therefore  hardens  in  structures  covered  by 
water.  An  excellent  hydraulic  mortar  of  this  kind  is  obtained  from  concrctionaiy 
niastes  found  in  marl^  and  also  as  isolatcnl  blocks  in  the  bed  of  tlio  Thames.    Thb 
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lime  being  burnt,  ground,  and  sifted,  when  mixed  witb  water  to  form  a  paste,  sets 
u  quickly  as  Paris  plaster;  its  solidity  increases  with  the  time  it  has  been  submerged, 
and  it  ends  by  acquiring  the  hardness  of  limestone.  Sand  is  added  to  it  when  it  is 
used  as  common  mortar,  or  in  covering  buildings  to  imitate  stone.  From  the  minute 
division  of  the  silicic  acid  and  alumina  in  this  mortar,  their  combination  with  lime 
is  more  likely  to  occur  than  in  ordinary  mortar.  Still  the  first  setting  of  hj'draulic 
mortar  seems  to  be  duo  simply  to  the  fixation  of  water,  and  formation  of  a  solid 
hydrate  like  gj'psum.  Ilydraulic  mortar  is  sometimes  made  by  mixing  together 
clny  and  chalk,  and  calcining  the  mixture,  or  more  frequently  by  adding  to  hydrate 
of  lime  puzzolano  ground  to  fine  powder.  The  latter  is  a  silicious  substance  of 
volcanic  origin,  composed  principally  of  pumice,  of  which  a  stratum  is  excavated  in 
the  neighbourhood  of  Naples.  The  mortar  which  it  makes  with  lime  has  obtained 
the  name  of  lloman  cement. 

The  hydrate  of  hinoride  of  calcium  precipitates  on  adding  lime-water,  drop  by 
drop,  to  a  solution  of  binoxide  of  hydrogen.  It  contains,  according  to  Thenard,  2 
cq.  <»f  oxygen. 

The  jtTotomlphide  of  calcium  is  procured  by  decomposing  sulphate  of  lime,  at  a 
red  heat,  by  hydrtigen  or  charcoal.  When  newly  prepared,  it  phosphoresces  in  the 
dark.  It  is  only  very  sparingly  soluble  in  water,  but  it  is  decomposed  by  boiling 
water,  according  to  M.  H.  Hose,  into  hydrosulphate  of  sulphide  of  calcium,  which 
is  soluble,  and  hydrate  of  lime.  Sulphide  of  calcium,  when  moistened  with  water, 
if  readily  decomposed  by  a  stream  of  carbonic-acid  gas,  with  the  evolution  of  hydro- 
sulphuric  acid: 

CaS.HO  and  COi=CaO.C02+nS. 

When  hydrate  of  lime  is  boiled  with  sulphur  and  water,  and  the  liquor  allowed 
to  cool  l>oforc  it  is  completely  saturated  with  sulphur,  yellow  crystals  separate  from 
it,  which  are  a  hisulphide  oJF calcium,  combined  with  3II0,  according  to  the  obser- 
vations of  Iliirschel.  When  lime,  or  protosulphide  of  calcium,  is  boiled  with  excess 
of  sulphur,  it  dissolves  sulphur  till  a  pentasulphide  of  calcium  is  formed,  which  re- 
sembles in  proportiirs  the  corresponding  degree  of  sulphuration  of  potassium. 

Phosphide  of  calcium,  —  Small  fragments  of  quicklime  being  heated  to  redness 
by  a  s^pirit-lamp,  in  a  small  mattrass  with  a  long  neck,  and  fragments  of  phosphorus 
dropped  into  the  same  vessel,  a  mixture  is  obtained  of  phosphate  of  lime  and  phos- 
phide of  calcium.  The  compound  has  a  chocolate-brown  colour.  When  the  tem- 
perature is  raised  too  high,  the  afiinities  change,  and  phosphorus  escaping  in  vapour, 
nothing  but  lime  remains.  According  to  M.  P.  Thenard,  in  the  reaction  which 
gives  pho&phide  of  calcium,  7  eq.  of  phosphorus  act  upon  14  ci^.  of  lime : 

14CaO  and  7P=2(2CaO.P05)  and  SCa^P. 

The  phosphide,  therefore,  contains  2  ecj.  of  calcium  to  1  eq.  of  phosphorus,  and 
is  analogrms  to  the  liquid  hydride  of  phosphorus  PIfj.  When  thrown  into  water, 
it  is  immediately  transformed  into  the  hydride  of  phosphonis  referred  to,  which  is 
spontaneously  inflammable,  and  hypophosphite  of  lime,  which  is  dissolved. 

Chloride  of  calcivm;  CaCl ;  55.60  or  003.75. — Obtained  by  neutralizing  hydro- 
chloric acid  with  carbonate  of  lime,  or  as  a  residue  in  several  processes;  a  concen- 
trated solution  affords  crystals  in  large  striated  four-sided  prisms,  which  contain  6 
e<i.  of  water.  Dried  with  stirring,  above  212°,  it  aifords  a  crystalline  powder,  con- 
taining 2  eq.  of  water,  which  produces  an  intense  degree  of  cold  when  mixed  with 
■DOW  (p.  62).  The  same  hydrate  was  produced  on  drying  the  crystals  in  vacuo  over 
■alphuric  acid  for  ten  days.  The  crystals  are  soluble  in  one-fifteenth  of  their  weight 
of  water  at  60°,  and  exceedingly  deliquescent.  The  salt  is  made  anhydrous  by  heat, 
and  undergoes  the  igneous  fusion  at  a  red  heat.  The  liquid  chloride  is  poured  upoa 
a  slab,  and  the  transparent  cake  of  solid  salt  immediately  broken  into  pieces,  and 
prcscr\'cd  in  a  stoppered  bottle.  It  is  much  employed,  from  its  great  affinity  for 
water,  to  dry  gases  and  absorb  moisture.     Chloride  of  calcium  always  acquires  by 
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fusion  a  slight  but  sensibly  alkaline  reaction  from  partial  decompantion ;  on  vbich 
account  Licbig  prefers  the  salt  strongly  dried,  bat  not  fused,  as  the  bygromctrie 
agent  in  organic  analysis.  Ignited  with  the  sulphates  of  tMuyta  and  strontia,  cbloi 
ride  of  calcium  gives  rise  to  sulphate  of  lime  and  the  chlorides  of  barium  ini 
strontium.  Ten  parts  of  anhydrous  alcohol  dissolve  7  parts  of  chloride  of  calciom, 
at  the  boiling-point,  and  the  solution,  in  cold  weather,  affords  crystals  in  rcdangaltf 
scales,  which  arc  an  alcoholatc,  containing  2  cq.  of  alcohol,  instead  of  water  of 
crystallization;  CaCl+2C4He02.  Anhydrous  chloride  of  calcium  likewise  absorbs 
4  equivalents  of  ammoniacal  gas,  and  forms  a  bulky  white  powder,  CaCl+-lNH« 
from  which  the  ammonia  may  be  easily  expelled  again  by  heat. 

A  solution  of  chloride  of  calcium,  when  boiled  with  hydrate  of  lime,  disMlvcs 
that  substance,  and  the  solution  filtered  hot,  deposits  an  oxtchloride  of  calciuu^ 
8CaO.CaCl  +  15UO,  in  long  flat  and  thin  crystals.  The  salt  is  decomposed  bj 
water  and  alcohol. 

A  compound  of  cliloridc  of  calcium  with  oxalate  of  l\mt  containing  water  of 
crystallization,  is  obtained  in  good  crystals,  which  arc  persistent  in  air,  by  dissolving 
T)xalatc  of  lime  to  saturation  in  hot  hydrochloric  acid,  and  allowing  the  solution  to 
cool.  It  consists  of  1  cq.  of  each  salt-,  with  7  cq.  of  water.  Oxalate  of  Ume  ii 
'known  to  combine  with  2  cq.  of  water,  of  which  1  eq.  appears  to  remain  in  tbis 
double  salt,  while  the  other  is  replaced  by  chloride  of  calcium  carrying  its  G  cq.  cf 
water  of  crystallization  along  with  it;  CaO.CgOs+(IIO.CaCl)-f6HO.  A  similar 
replacement  is  observed  in  the  formation  of  quadroxalate  of  potassa  (p.  1G4).  Tbis 
salt  becomes  anhydrous  without  decomposition  at  206^  (130^  C.)  It  is  decomposed 
by  pure  water. 

Fluoride  of  calcium,  Fluor-spar;  CaF;  38.70  or  483.80.  — This  salt  is  peco- 
liarly  a  constituent  of  mineral  veins,  and  occurs  massive,  or  in  transparent  crystals 
which  arc  cubes  or  octohcdrons,  and  is  often  of  beautiful  colours,  generally  green  or 
purple.  It  is  cut  into  ornamental  forms,  and  is  believed  to  be  the  substance  of 
which  the  vasa  murrina  of  the  Ilomans  were  composed.  In  minute  quantity  f!uo> 
ride  of  calcium  is  very  generally  diffused,  being  found  in  the  carthj'  deposit  froa 
sea-water  when  boiled  (G.  AVilson).  It  forms  a  few  thousandths  of  the  eartb  of 
bones,  and  a  somewhat  larger  proportion  of  the  enamel  of  the  teeth  :  in  fossil  boncf 
the  proportion  of  fluoride  of  calcium  is  considerably  greater  (J.  Middleton,  Hca. 
Chem.  Soc.  ii.  134).  It  is  dissolved  to  a  small  extent  by  water  containing  carixnie 
acid,  like  the  other  insoluble  salts  of  lime;  its  density  varies  from  3.14  to 3.17. 
When  heated  gently,  on  a  plate  of  metal,  it  becomes  luminous  in  the  daikfinra 
short  time ;  the  phosphorescent  property  may  be  restored  by  passing  electric  s^uks 
through  the  crystal  (Grifliths).  Fluoride  of  calcium  is  obtained  in  a  granular  con- 
dition, when  hydrofluoric  acid  is  ncutnilizcd  by  freshly  precipitated  carbonate  of 
lime.  I3ut  when  a  neutral  salt  of  lime  is  mixed  with  a  soluble  fluoride,  the  fluoric 
of  calcium  appears  as  a  translucent  gelatinous  moss.  This  fluoride,  whether  artifidil 
or  natural,  is  not  decomposed  by  sulphuric  acid  at  a  low  temperature,  but  imbibM 
that  acid,  and  forms  a  thick  ropy  liquid.  At  104*^  (40*^  C.),  this  mixture  begins  tB 
decompose,  and  emits  hydrofluoric  acid.  Fluoride  of  calcium  resists  the  action  of  ft 
solution  of  hydrate  of  potassa,  but  is  easily  decomposed  in  the  dry  way  by  fusifli 
with  carbonate  of  potiwsa,  and  fluoride  of  potassium  is  formed. 

SALTS   OF   LIME. 

Carbonate  of  lime ;  CaO.COj;  50,  or  C2r).— This  is  one  of  the  most  abandaatly 
diff'used  salts  in  nature,  forming  the  basis  of  limestones,  marbles,  marls,  coral-ree&i 
shells,  &c.  It  is  anhydrous,  and  occurs  in  two  incompatible  crystalline  fornis,  \hi 
rhomboidal  crystal  of  Iceland  spar  and  calc-spar,  which,  with  its  numerous  modifier 
tions,  is  much  tiie  most  abundant,  and  the  six-sided  prism  of  amigonite,  isomorphooi 
with  carbonate  of  strontia,  which  hist  may  be  readily  recognized  by  fjiling  to  pwrfff 
when  heated.     The  grains  of  this  powder  have  the  form  of  calo-spar.     The  denfltf 


Las  also  been  found  native  in  a  running  stream,  by  Scbeerer,  Tlio  two 
of  (^a^bonata  of  liinc  corrcspood  in  composition  witli  two  cr}-stalline  hydratcB 
latc  of  magnesia. 

ifttc  of  lime  is  considered  an  insoluble  salt,  altbougb,  according  to  Frcscnios, 
of  carbonate  of  lime  disAolves  iu  8334  parta  of  boiling  water,  and  id  10601 
iratcr  at  ordinary  tcmpcraturcH :  tbe  solution  is  sensibly  alkaline  to  tcst- 
V'ben  recently  precipitated,  carbonate  of  lime  is  much  more  soluble  in  salts 
oia:  the  solution  of  carbonnU:  of  lime  in  liydrochlorate  of  ammonia  ia 

completely  resolved  by  Bpoiitancous  evaporation  into  ehlorido  of  calcium 
onato  of  ammonia,  wbicb  escapoa.  Sca-wolcr  appears  to  be  essentially 
rom  tbe  presence  of  carbonate  of  liiue,  a  eircumstjinee  cnleulaled,  therefore, 
t  the  accumulation  in  tbe  sea  of  ammonia  in  ibe  form  of  fixed  gaits,  and  to 

restoration  of  tbat  bai^o  to  the  atmosphere.  Carbonate  of  lime  is  soluble 
containing  carbonic  acid,  and  is  gcncnilly  present  in  l^e  water  of  wells,  and 
mineral  waters  to  a  considerablo  extent.  It  is  deposited  from  tbe  latter, 
K)6cd  to  air  in  a  gradual  manner  and  in  possession  of  a  crystallino  structare, 
italactitcs  and  stalsgrnilcs  in  mountain  caverns,  and  calcareous  petrifications, 
lows  over  nood  and  other  organic  and  destructible  matter?,  of  which  it  pre- 
;  form.  When  a  current  of  carbonic-acid  gas  is  passed  through  lime-water, 
BT  portion,  but  not  the  whole,  of  tbe  carbonate  of  ]imo  first  precipitated  is 
cd  by  the  excess  of  carbonic  acid.  This  solution  yields  on  evaporation  the 
B  carbonate,  and  no  crystalline  bicarbonate  of  lime  has  been  obtained. 
a  of  liuie  is  decomposed  with  effcrveicence  bj  acids.  At  a  red  beat  it 
!i  carbonic  acid,  and  is  converted  into  quicklime  in  the  manner  alreadj 

itallinc  mineral  was  discovered  by  Bonssingault  at  Mcrida  in  America, 
ascertained  to  be  a  double  carbonate  of  soda  and  lirae,  with  5  cq.  of  water, 
■d  gaylussiU,  in  honour  of  Gay-Lussac.  It  may  bo  made  anhydrous  by 
its  two  salts  arc  then  separated  by  water. 

irdncss  of  well  and  river-water,  so  far  as  it  is  dne  to  carbonate  of  lime  ia 
may  be  removed  by  a  proper  addition  of  lime-water,  the  free  carbonic  add 
■  carbonate  of  lime,  and  precipitating  together  with  tbe  portion  of  carbonate 
bnnerly  bcid  in  solution;  colouring  and  other  organic  matter  is  carried 
the  same  time.'     This  elegant  process  has  been  found  to  act  eatisbetorily 


412 


CALCinV. 


^NXx^ 


"=■0 


■=» 


-=-w 


-=-.Jl, 


■-.■« 


-=iC 


-!_>' 


-=ri( 


O' 


Fio.  185.        of  carbonate  of  limo).     This  test-acid  is  prepared  by  means  (f 
pure  carbonate  of  soda,  as  in  tbc  process  of  alkalimetry  (page  3SS), 
or  from  the  analysis  of  the  dilate  acid  by  nitrate  of  silver.    The 
measured  quantity  of  water  is  placed  in  an  evaporating  basin,  vA 
being  found  alkaline  by  delicate  red  litmus-paper,  the  normal  acid 
is  added  from  the  small  burette  (fig.  1S5)  graduated  into  tcn-gnia 
measures,  each  of  which  is  subdivided  into  five,  till  the  point  of 
neutralization  is  reached,  the  liquid  being  heated  towards  the  end 
of  the  operation.     A  small  portion  of  30  or  40  gnuns  of  the  water 
is  transferred  to  a  small  conical  wine-gla«s,  and  the  test-^apcr  left 
in  it  for  several  minutes,  to  obtain  the  indication  of  alkalinitv.  T« 
save  time,  a  scries  of  six  of  these  wine-glasses  is  convcnienilj  cm- 
ployed,  each  containing  a  sample  of  the  water  after  successive  ad- 
ditions of  the  test-acid.     Kach  ten-grain  measure  of  the  acid  Tft> 
quired  indicates  1  grain  of  ctirbonate  of  lime  in  1  gallon  of  the 
water,  or  0.000014li86  per  cent,  of  carbonate  of  lime.     By  soek 
means  a  minutely  accurate  determination  of  alkalinity  may  be  ob- 
tained ;  one-hundredth  of  a  grain  of  carbonate  of  lime  in  a  |ASt 
of  water  is  thus  observed.     (Prof.  Clark). 
Sulphate  of  lime,  Gi^pmrn;  CaO.SOa  +  2H0;  08  +  18  or  850  -f  2-25. -Ha 
salt  prcci]>itatcs  as  a  bulky  and  gritt}'  powder,  when  sulphuric  acid  is  added  to  I 
soluble  Kilt  of  lime.     Sulphate  of  lime  appears  to  have  nearly  the  same  degree  of 
solubility  at  all  temperatures,  and  requires  400  parts  of  water  for  solution*  acconiing 
to  Ijucholz,  or  380  parts  of  cold,  and  388  parts  of  boiling  water,  according  to  Cost 
It  occurs  in  nature  in  well-furmcd  crystals,  and  also  in  large  crystalline  ma^ 
forming  beds  of  gypsum;  a  mineral  which  contains  2  eq.  of  watt»r,  and  of  wbiclitha 
dcnj^ity  is  2.3*22  (^lioycr  and  Dumas).    Prof  Johnston  likewise  obtained  Piuall  p» 
matic  crystals  of  sulphate  of  lime,  dopobited  in  a  steam-boiler,  which  contain  oolf 
half  an  equivalent  of  water  2(CaC).!S03)  -f  HO.     Sulphate  of  lime  ovcurs  in  a  cij> 
talline  form,  without  water,  forming  the  mineral  anhydrite,  cif  which  the  dcnsitvil 
about  2.1H>.     Sulphate  of  lime  fuses  at  a  strong  red  heat,  without  dccompoaDOD^ 
and  on  cooling  a.ssumcs  the  crystalline  form  of  the  last  minenil.     To  form  pltUff 
of  Paris,  gypsum,  iu  pieces  about  the  size  of  a  pigeon's  egg,  is  heated  in  an  owl 
till  it  is  nearly  anhydrous,  and  then  reduced  to  a  powder.     When  this  is  made  inti 
a  paste  with  a  little  water,  it  forms  a  hard  coherent  mass,  or  sets,  in  a  minute  ortwi^ 
with  a  slight  evolution  of  heat.    This  artificial  hydrate,  or  stucco,  bus  the  same  ecu- 
position  as  native  gypsum.    If  sulphate  of  lime  has  been  heated  above  300°,indzT- 
iug,  it  rcfu.ses  to  sot  afterwards  when  mixed  with  water. 

The  powder  of  hydratod  gypsum  solidifies  also  when  mixed  with  a  solution  rf 
potassa,  or  various  salts  of  potassa,  such  as  the  carbonate,  bicarbonate  (in  this  CMi 
with  violent  effervescence),  sulphate,  and  silicate,  but  not  with  the  chbnte « 
nitrate  of  potassa,  nor  with  any  sidt  of  soda.  Double  salts  are  probably  fonned,a 
it  is  the  alkaline  salts  only  which  are  capable  of  forming  double  salts,  and  areeoft 
siJered  bibasic  by  M.  Ilcrliardt,  that  possess  the  remarkable  property  in  questifli 
(Enunet,  Am.  Journ.  of  Scien.,  xxiii.  200).     [^See  Supplement,  p.  816.] 

Ilj/posuJphitc  of  lime  is  formed  by  transmitting  sulphurous  acid  through  gulrluA 
of  calcium,  suspended  in  water,  till  the  solution  is  neutral  and  colourless.  Thi 
solution  is  decomposed  when  heated  above  140^  ((iO^  C.)  into  sulphur  and  «nl[4ill 


posing  to  air  the  waste-lime  of  the  dry-lime  gas  purifit;rs. 

jyHrate  of  lime  is  a  highly  deliciuesccnt  salt,  which  crystallizes  with  G  eq.  «i 
water,  like  the  nitrates  of  the  magnesian  class.     It  is  soluble  in  alcohol. 

Phosphates  of  limp. — C)n  adding  chloriile  of  calcium  to  the  tribasio  subphoffliii 
•>f  soda,  a  corresponding  phosphate  of  lime  precipitates  in  bulky  gclatinoas  fl«kB 
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►f  wliieh  the  formula  is  oCaO.POr,.  This  pbojjpbato  o«c'urs  in  nntiiro  in  conihina- 
iuii  witli  iluoriJo  of  calcium  in  the  form  of  hexagonal  prisms,  in  tlio  minerals  ajuitile 
.nd  tnnroxitc.  The  formula  of  apatite  is  CaF  -{-  8(i>Ca(J.rO-.).  The  native  phos- 
phates of  lead  occur  in  the  same  form,  with  chloride  of  load  in  the  place  of  fluoride 
•f  calcium.  Iledi/phan  is  the  same  mineral,  in  which  a  portiun  of  phosphoric  acid 
3  replaced  bj  arsenic  acid.     [.S/v»  Siipjfhmcnf,  p.  81<).] 

Ancthcr  tribasic  phosjjhate  of  lime  is  obtained  on  addins  the  solution  of  common 
►hospbatc  of  5(xla,  drop  by  drtp,  to  chloride  of  calcium.  This  precipitate  is  slightly 
13'stalline.  Its  formula,  exclusive  of  its  water  of  crystallization,  is  lI0.2(Ai().]^0v 
kgain,  when  a  solution  of  phosphate  of  ammonia,  supersaturated  with  ammonia,  is 
rcatod  with  a  solution  of  chloride  of  calcium,  till  about  one-half  of  the  phosphoric 
i:id  L<  precipitated,  the  prccipit;ite  contains  51.203  per  cent  «)f  lime,  and  corresponds 
o  tbc  fnrniula  ^C'aO.oPOj  (J^erzelius).  A  biphosphate  of  lime  is  also  described  by 
3crzelius,  obtained  on  e\aporating  a  solution  of  any  of  the  preceding  salts  in  nitric 
.cid  to  the  jKiint  of  crystallization,  of  which  the  pr«>bable  formula  is  2II(.).CaO.P03. 
["here  alsi.»  exist  a  pyrophosphate  and  metaphosjihate  of  lime.  The  insoluble  phos- 
phates nf  lime  are  soluble  in  water  containing  carbonic  acid.  It  is  possibly  in  this 
nanuor  that  phos]>hate  of  lime  is  dissolved  by  the  alkaline  animal  fluids. 

Hypochlorite  of  lime ;  Chloride  of  lime  ;  Blvachinj!^  powder. — This  compound, 
xjmarkable  for  its  valuable  applications  in  the  arts,  is  geuerall}'  prepared  by  exposing 
ijdrate  of  lime,  from  the  purest  lime,  to  chlorine-gas,  the  latter  Uang  supplied  so 
^dually  as  to  prevent  the  heat,  occasioned  by  the  combination,  from  rising  above 
$2°.  Chlorine  is  not  absorbed  by  quicklime,  nor  by  the  carbonate  of  lime.  When 
tried  at  212^,  hydrate  of  lime,  I  find,  absorbs  afterwards  little  or  no  chlorine;  but 
tried  over  sulphuric  acid,  without  heat,  it  is,  on  the  contrary,  in  the  most  favourable 
*ondition  for  becoming  chloride  of  lime.  A  dry,  white,  pulverulent  compound  is 
)btaincd  by  exposing  the  last  hydrate  to  chlorine,  which  contains  41.2  to  41.4  chlo- 
•iue  in  lOU  parts;  but  of  this  chlorine  about  oO  parts  only  are  available  ft)r  bleach- 
ng,  owing  to  2  parts  of  that  element  going  to  the  formation  of  chloride  of  calcium 
ind  chlorate  of  lime.  A  slight  addition  of  moisture  to  hydrate  of  lime  does  not 
Acreage  the  projiortion  of  chlorine  absorbed,  and  renders  the  compound  less  stable. 
The  above  apjKjars  to  be  the  maximum  absorption  of  chlorine  by  dry  hydrate  of 
imc,  and  is  greater  than  it  would  be  advisiible  to  attempt  in  the  manufacture  of 
bleaching  j".iwder,  owing  to  the  occurrence  of  the  partial  decomposition  adverted  to. 
ITct  thi.s  proportion  is  considerably  short  of  1  eq.  of  chlorine  to  1  of  hydrate  of  lime, 
irhich  are  4^^.57  chlorine  and  51.4o  hydrate  of  lime,  in  lOO  parts.  The  excess  of 
[ime  apiHiars  to  be  useful  in  adding  to  the  stability  of  the  comj)Ound.  Labarraque 
mixes  the  hydrate  of  lime  with  ^^^th  of  its  weight  of  chloride  of  sodium,  by  which 
ineuii:^  the  absorption  of  chlorine  is  greatly  promoted.  The  bleaching  powder  of 
somxucrce  may  contain,  when  newly  prepared,  about  oO  per  cent,  of  chlorine ;  but 
ifter  being  kept  for  several  months,  the  proportion  of  available  chlorine  is  found 
more  frL-qucutly  below  than  above  10  per  cent.,  so  much  does  it  deteriorate  by 
keeping. 

The  reaction  which  occurs  in  the  formation  of  hypochlorite  of  lime  is  represented 
IS  folluws : — 

2CaO  and  2C1  =  Ca.Cl  and  CaO.ClO. 

Or  the  product  is  a  mixture  of  chloride  of  calcium  and  hyperchloritc  of  lime. 

The  same  comp<Jund  is  obtained  in  solution  by  transmitting  a  stream  of  chlorine- 
gu  through  hydrate  of  lime  suspended  in  waier.  The  lime  then  absorbs  a  full 
equivalent  of  chlorine,  and  dissolves  entirely. 

Ten  parts  of  water  take  up  the  bleaching  couibination  from  one  part  of  dry  chlo- 
ride of  lime,  leaving  undissc>lved  the  hydrate  of  lime  contained  in  excess.  The 
iolutiuu  has  a  slight  odour  of  hypochlorous  acid,  a  rough  astringent  taste,  and  alka- 
line reaction.  It  destroys  most  organic  matters  containing  hydrogen,  including 
colouring  matters.     But  its  bleaching  action  is  not  instantaneous,  unless  an  acid  be 
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added  to  it,  which  liherates  the  chlorine.  Hence,  when  Turkey-red  cloth,  haying  i 
pattern  printed  upon  it  with  tartaric  acid  thickened  by  gum,  is  immeraed  for  about 
one  minute  in  this  solution,  it  comes  out  with  the  colour  discharged  where  the  add 
was  present,  but  elsewhere  uninjured.  In  this  manner  white  figures  arc  produced 
upon  a  coloured  ground.  The  solution  of  chloride  of  lime  also  absorbs  and  destrcijs 
contagious  matters  in  the  atmosphere,  and  is  slowly  decomposed  by  carbonic  acid, 
with  escape  of  chlorine.  The  powder  or  its  solution,  when  heated,  or  when  kept 
for  a  considerable  time,  undergoes  decomposition;  18  eq.  of  chlorine  then  leaving 
17  eq.  of  chloride  of  calcium,  and  1  eq.  of  chlorate  of  lime,  and  disengaging  VI  eq. 
of  oxygen-gas,  according  to  the  observations  of  M.  Morin. 


CHLORIMETRY. 

The  bleaching  power  of  hypochlorite  of  lime  is  often  estimated  by  the  quantitj 
of  a  solution  of  sulphate  of  indigo,  which  a  constant  weight  of  the  substance  cat 
deprive  of  its  blue  colour,  or  render  yellow.  But  as  the  indigo-solution  alters  bj 
keeping,  this  method  is  not  unobjectionable.  A  more  exact  method  is  that  in  vhica 
sulphate  of  iron  is  used.  This  method  reposes  upon  the  circumstance  that  the  ch)(^ 
rine  of  hypochlorite  of  lime  converts  a  salt  of  the  protoxide  into  a  salt  or  the  scsqifr 
oxide  of  iron ;  half  an  equivalent,  or  222  parts  of  chlorine,  effecting  that  change 
upon  a  whole  equivalent,  or  1728  parts  of  cr.  protosulphatc  of  iron.  Protoxide « 
iron  is  convertible  into  sescjuioxide  by  half  an  equivalent  of  oxygen,  which  the  half 
equivalent  of  chlorine  may  be  supposed  to  supply,  by  decomposing  water,  in  bfr 
coming  hydrochloric  acid.  It  follows,  by  proportion,  that  10  grains  of  chlorine  an 
capable  of  peroxidizing  77.9  grains  of  cr.  protosulphatc  of  iron. 

A  few  ounces  of  good  crystals  of  protosulphatc  of  iron  arc  reduced  to  powder, 
and  dried  by  strong  pressure  between  folds  of  cloth ;  the  salt  may  aftonmds  ba 
preserved  in  a  bottle  without  change.  In  a  chlorimctric  experiment,  78  graia 
(equivalent  to  10  grains  of  chlorine)  of  this  salt  are  dissolved  in  about  two  oaDcei 
of  water,  which  may  be  acidulated  by  a  few  drops  of  sulphuric  or  hydrochloric  icil 
Fifty  grains  of  the  chloride  of  lime  to  be  examined  are  dissolved  in  about  two  oonoei 
of  tepid  water,  by  rubbing  them  together  in  a  mortar,  and  the  whole  poured  inio 
the  alkaliracter  (page  386),  which  is  afterwards  filled  up  to  0  on  the  scale,  by  tk 
addition  of  water,  and  the  whole  mixed  by  inverting  the  alkalimetor  upon  the  pila 
of  the  hand.  The  solution  of  chloride  of  lime,  being  thus  made  up  to  100  measure^ 
is  poured  gradually  into  the  sulphate  of  iron,  till  the  latter  is  completely  pcroxidiie^ 
and  the  number  of  measures  of  chloride  required  to  produce  that  effect  oLaemi 
The  change  in  the  degree  of  oxidation  of  the  iron-solution  is  discovered  by  mcaai 
of  red  prussiate  of  potassa,  which  gives  a  precipitate  of  Prussian  blue  with  a  salt  of 
the  protoxide  of  iron  only,  and  not  with  a  salt  of  the  sesquioxide.  By  means  of  i 
glass-stirrer,  a  white  stoneware  plate  is  spotted  over  with  small  drops  of  the  pi» 
siate.  A  drop  of  the  iron-solution  is  mixed  with  one  of  these,  after  every  addilioi 
of  chloride  of  lime,  and  the  additions  continued,  so  long  as  a  deep  blue  precipitaH 
is  produced.  The  liquid  may  continue  to  be  coloured  green  by  the  iron-salt,  bit 
that  is  of  no  moment.  The  richer  the  specimen  of  chloride  of  lime  is  in  chloriof^ 
the  fewer  measures  of  its  solution  are  required  to  peroxidize  the  iron,  the  number 
of  measures  containing  10  grains  of  chlorine  always  producing  that  effect  Tbi 
quantity  of  chlorine  in  the  fifty  grains  of  bleaching  powder  is  now  known,  bcii^ 
ascertained  by  the  proportion,  as  m  measures  (the  number  poured  out  by  the  tlWt 
meter)  is  to  10  grains  of  chlorine,  so  100  is  to  the  total  grains  of  chlorine.  In  ■ 
particular  experiment  the  78  grains  of  sulphate  of  iron  required  72  measures  of  ibi 
bleaching  solution.  Hence,  as  72  is  to  10,  so  100  is  to  13.89  chlorine  in  50  Biiu 
of  the  chloride  of  lime.  The  Quantity  of  chlorine  in  100  grains  of  the  chlondc,  a 
the  percentage  of  chlorine,  is  obtained  by  doubling  that  number;  And  was  therefbit^ 
in  this  instance,  27.78  per  cent,  or  28  per  cent.     The  arithmetical  prootti  nq 
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always  be  reduced  to  that  of  dividing  2000  by  the  number  of  measures  poured  from 
the  sdkalimcter :  thus  in  the  hist  example  — 

2000     „,,^ 

=27.78. 

72 


SECTION  IV. 

MAGNESIUM. 

Eq.  12.2,  or  152.5;  Mg. 

To  obtain  magnesium,  sodium  in  a  test-tube  of  hard  glass  is  covered  by  frag- 
ments of  anhydrous  chloride  of  magnesium,  and  heated  to  redness  by  a  lamp.  The 
alkaline  metal  unites  with  chlorine,  with  strong  ignition.  After  extracting  the 
chli^ride  of  scniium  by  means  of  water,  the  magnesium  remains  in  little  globulcS| 
which  may  be  reunited  by  fusing  them  under  a  stratum  of  chloride  of  potassium  at 
a  mfiderate  red-heat.     [iSVe  Supphmenty  p.  817.] 

Magnesium  has  the  colour  and  lustre  of  silver;  it  is  very  ductile,  and  capable  of 
l)ciiig  beaten  into  thin  leaves,  fuses  at  a  gentle  heat,  and  crystallizes  in  octohedrons. 
Magnesium  is  oxidized  superGcially  by  moist  air,  but  undergoes  no  change  in  dry 
air  or  oxygen.  Heated  to  redness,  it  burns  with  great  brilliancy,  funning  magnesia. 
It  is  evidently  more  analogous  to  zinc  than  to  the  preceding  metals. 

Mignesia  ;  MgO;  20.2,  or  252.5.  —  This  is  the  only  known  oxide  of  magno- 
siuna.  As  usually  prepared,  by  a  gentle  but  long  calcination  of  the  artificial  carbo- 
nate of  magnesia,  it  forms  a  white  soft  powder,  the  magnesia  tista  of  pharmacy. 
Magnesia  is  of  density  3.61  after  ignition  in  a  porcelain-furnace  (II.  Kose),  and 
highly  infusible.  It  combines  with  water,  but  with  much  less  avidity  than  lime 
docs,  forming  a  protohydrate.  The  native  hydrate  of  magnesia  has  the  same  com- 
position, and  so  has  the  compound  obtained  by  precipitating  magnesia  from  its  soluble 
salts  (by  means  of  hydrate  of  potassa)  and  washing  well,  when  dried  either  without 
heat  or  at  212^.  These  preparations  have  a  silky  lustre  and  a  softness  to  the  touch, 
cLaracteri.stic  of  magnesian  minerals,  such  as  is  observed  in  asbestos  and  soapstonc. 

According  to  M.  Fresenius,  magnesia  requires  for  solution  55oG8  parts  of  water, 
either  boiling  or  at  ordinary  temperatures ;  the  solution  is  feebly  alkaline,  and  gives 
a  sensible  precipitate  on  the  addition  of  phosphate  of  soda,  followed  by  ammonia. 
T\*hen  this  earth  and  its  salts  are  moistened  with  nitrate  of  cobalt,  and  strongly 
ignited  before  the  blow-pipe,  they  assume  a  fine  rose-colour :  phosphate  of  magnesia 
takes  more  of  a  violet  tint.  Magnesia  is  precipitated  from  it3  soluble  salts  by  lime- 
water,  but  is  still  a  strong  base  capable  of  neutralizing  acids  perfectly.  Ammonia 
never  throws  down  more  than  half  of  the  magnesia  from  the  solution  of  a  salt  of 
magnesia,  owing  to  the  formation  of  a  soluble  double  salt  of  magnesia  and  ammonia; 
and  the  flaky  precipitate  produced  by  ammonia  in  the  solution  of  a  salt  of  magnesia 
disappears  agiiin  completely  on  the  addition  of  hydrochlorate  of  ammonia.  Magnesia 
is  precipitated  from  its  salts  by  the  carbonates,  but  not  by  the  bicarbonates,  of  po- 
tassa and  soda.  It  is  most  correctly  estimated  by  precipitation  by  the  phosphate  of 
Boda  with  caustic  amnmnia,  washing  with  water  containing  hydrochlorate  of  ammo- 
nia, and  igniting  the  precipitated  phosphate  of  magnesia  and  ammonia;  the  whole 
magnciiia  being  ultimately  obtained  in  the  form  of  bibasic  phosphate  of  magnesia, 

SMgO.POv 

Chloride  of  magnesium^  made  by  neutralizing  carbonate  of  magnesia  with  hydro- 
chloric acid,  crystallizes  in  thin  needles,  which  contain  6  eq.  of  water,  and  are  highly 
deliquescent.  When  we  attempt  to  make  this  salt  anhydrous  by  heat,  hydrochlorio 
acid  escapes,  and  magnesia  remains,  liut  the  pure  chloride  of  magnesium,  which  is 
employed  in  preparing  the  metal,  may  be  obtained  by  dividing  a  quantity  of  hydro- 
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chloric  acid  into  two  cqunl  portions,  neutralizing  one  with  magnesia  and  tbe  other 
\7ith  nuimonia,  mixing  and  evaporating  these  two  solutions  to  diynesa,  when  an 
anhydrous  double  chloride  of  magntisium  and  ammonia  is  formed.  On  heating  this 
salt  to  redness  in  a  covered  porcelain-crucible,  sal-ammoniac  sublimes,  and  cLluride 
of  magnesium  remains  in  a  state  of  fusion,  which  becomes  a  translucent,  crystalliae 
mass  un  cooling.  This  chloride  is  decomposed  by  oxygen,  which,  at  a  high  temiic- 
rature,  displaces  its  chlorine,  and  magnesia  is  formed.  According  to  M.  Poggisde, 
the  chloride  of  magnesium  fc)rms  with  chloride  of  sodium  a  double  salt^  which  has 
the  formula  2MgCl.NaCl  +  2n(). 

Carbonate  of  magnesia.  —  This  salt  occurs  native,  and  then  always  in  the  anhy- 
drous condition,  as  a  white,  hard,  compact  mineral  of  an  earthy  fracture,  which  is 
known  as  magnesite,  and  sometimes  in  rhombohedral  cr^'stals,  similar  to  th-i^e  of 
f^ carbonate  of  lime.  It  is  prepared  artificially  by  precipitating  a  soluble  salt  of  mag- 
nesia, by  means  of  carbonate  of  potassa  at  the  boiling-point.  Tho  precipitate  is 
diffused  in  pure  water,  and  a  stream  of  carbonic  acid  sent  through  it,  by  whit-h  the 
carbonate  of  magnesia  is  dissolved.  On  allowing  this  solution  to  evaporate  sponta- 
neously, the  excess  of  carbonic  acid  escapes,  and  carbonate  of  magnesia  is  deposit^ 
in  small  hexagonal  prisms  with  right  summits.  These  crystals  contain  3  cq.  of 
water.  They  effloresce  in  dry  air,  and  then  lose  2  eq.  of  water,  acconling  to  mj 
own  observations.  Carbonate  of  magnesia  has  also  been  obtained  in  cr}'stal5,  with 
5  eq.  of  water,  from  the  solution  in  carbonic  acid,  at  a  low  temperature.  There  are, 
consequently,  three  hydrates  of  this  salt,  of  which  the  formuhc  are  — 

MgO.COj.HO; 

MgO.CO,.HO+2IIO; 

WgO.C02.HO+4HO. 

The  fact  that  the  carbonate  of  magnesia  dissolves  in  carbonic  acid-water  is  not  to 
be  held  as  a  proof  of  the  existence  of  a  bicarbonate  of  magnesia.  Various  insoluble 
salts,  such  as  phosphate  of  lime  and  fluoride  of  calcium,  ditfsolve  in  the  same  liquid, 
which  appears  to  possess  a  specific  solvent  power.  In  the  analogous  solution  of  ca^ 
bonate  of  lime  in  carbonic  acid-water,  the  proportion  of  the  carbonate  was  found  by 
Bcrthollet  to  have  a  variable  and  indefinite  relation  to  the  acid.  On  theoretical 
grounds,  supcrsalts,  of  the  ordinary  constitution,  of  magnesia,  and  the  magneaan 
family  of  oxides,  are  not  to  be  expected,  as  they  would  be  double  saltd  of  water  and 
another  magnesiau  oxide. 

Magnesia  alba,  or  the  subcarbonate  of  magnesia  of  pharmacy,  is  prepared  by  pre- 
cipitating a  boiling  solutinu  of  sulphate  of  magnesia  or  chloride  of  magnesium,  by 
means  of  carbonate  of  potassa.  Carbonate  of  soda  is  not  so  suitable  as  a  precipitant 
of  magnesia,  as  a  portiou  of  it  is  apt  to  go  down  in  combination  with  the  magucsiaa 
carbonate,  but  it  may  be  used  provided  the  quantity  applied  be  less  than  is  required 
to  decompose  the  whole  magnosian  salt  in  solution.  JMagnesia  alba,  when  washed 
with  hot  water,  is  very  white,  light,  and  bulky.  A  portion  of  carbonic  acid  is  lost, 
the  magnesia  not  being  in  combination  with  a  full  equivalent  of  that  acid.  Berzelins 
found  magnesia  alba  to  contain,  in  100  parts,  !]5.77  carbonic  acid,  44.75  magnesia, 
and  19.48  water;  or  to  consist  of  3  eq.  of  carbonic  acid,  4  eq.  of  magnesia,  and 4 
eq.  of  water.  It  is  viewed  as  a  combination  of  3  eq.  of  protohydrated  carbonate  of 
magnesia  with  1  eq.  of  protohydrate  of  magnesia;  of  which  the  formula  is  3(MgO. 
CO2.HO)  -h  MgO.IIO.  Tliis  compound* requires  2500  parts  of  cold,  and  9000  of 
hot  water  for  solution  (Dr.  Fyfc). 

Bicarbonate  of  jwtassa  and  magnesia. — This  salt  was  formed  by  Benclios  by 
mixing  a  solution  of  nitrate  of  magnesia  or  chloride  of  magnesium  (not  tho  sulphate 
of  magnesia)  with  a  satunited  solution  of  bicarbonate  of  potassa  in  excess,  and 
allowing  the  liquor  to  rest.  In  the  course  of  a  few  days,  the  double  salt  is  deposit^ 
in  large  regular  crystals.  These  crystals  arc  insipid ;  insoluble  in  pure  water,  but 
slowly  decomposed  by  it.  The  composition  of  this  salt  corrcsponda  with  1  eq.  of 
potassa,  2  of  magnesia^  4  of  carbonic  acid;  and  9  of  water.     It  contaiofl  tho  elcoiciiis 
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of  1  cq.  of  a  hydrated  bicarbonate  of  potassa,  and  of  2  cq.  of  hy Jratcd  carbonate  of 
magnesia. 

rMgO.CO,.H04-2nO 

]  IlO.CO,.(KO.COa)4-2nO 

(  MgO.COi.no + 2110. 

It  appears  an  association,  or  compound,  of  three  salts  of  similar  constitution.  This 
Fait,  I  find,  loses  8110  at  212°,  or  all  its  combined  water,  except  the  single  basic 
e^^juivalont  of  the  bicarbonate  of  potassa.  A  corresponding  bicarbonate  of  soda  and 
magnesia  also  exists. 

Dolomite f  a  magncsian  limestone,  very  extensively  diffused  in  nature,  is  a  mixture 
or  combination  of  the  carbonates  of  lime  and  magnesia,  having  the  crystiilline  form 
of  calc-.'ipar.  The  two  salts  unite  in  all  proportions,  but  are  most  frequently  found 
in  the  proportion  of  single  equivalents.  It  is  remarliable  that  when  this  rock  is 
cxpo>ed  to  the  solvent  action  of  water  containing  carbonic  acid,  the  carbonate  of 
lime  is  dissolved  exclusively,  and  a  magncsian  limestone  remains  in  the  form  of  a 
porous  and  crystalline  mass.  It  is  not  unusual  to  find  whole  mountains  of  magnesian 
limestone  thus  altered. 

Sulphate  of  magnesia;  MgO.SOa.IIO-FGHO;  C0.2  +  G3,  or  752.5 +  787.5. — 
This  s.'ilt  exists  in  many  mineral  springs,  in  the  waters  of  Kpsom,  of  Seidlitz  in 
Bohemia,  &c.,  from  which  it  was  first  procured  by  evaporation.  It  is  now  obtained 
fruin  the  bittern  of  sea- water,  which  consists  principally  of  chloride  of  magnesium 
au'l  sulphate  of  magnesia,  and  is  converted  wholly  into  sulphate  by  the  addition  of 
gulphuric  acid.  Or  magnesia  is  precipitated  from  sea-water  confined  in  a  tank,  by 
means  of  hydrate  of  lime,  and  the  earth  thus  obtained  afterwards  neutralized  by 
sulphuric  acid.  ^lagnesian  limestone  is  also  had  recourse  to  for  nmgncsia.  It  is 
burned  and  slaked  with  water,  to  obtain  it  in  a  divided  state,  and  the  n  neutralized 
by  sulphuric  acid.  The  mixed  sulphates  are  easily  separated,  that  of  lime  being 
soluble  to  u  minute  extent  only,  while  that  of  magnesia  is  highly  soluble  in  water. 
A  solution  of  sulphate  of  lime  is  also  decomposed  by  carbonate  of  niagiiosia,  with 
the  formation  of  sulphate  of  magnesia;  an<l  this  reaction  is  often  witnessed  in  beds 
of  magnesian  limestone,  when  water  containing  sulphate  of  limo  percolates  through 
them. 

The  crystals  of  sulphate  of  magnesia  are  four-sided  rectangular  prisms,  which, 
when  pun*,  have  a  slight  <lisj)osition  to  cllloresce  in  dry  air.  One  hundred  parts  of 
water  at  o2°  dissolve  25.70  parts  of  the  anhydrous  salt,  and  for  every  degree  above 
that  temperature  thoy  take  up  0.2G5G4  part  additional  (see  Gay-Lussac's  table  of 
the  solubility  of  salts,  at  page  178).  The  solution  has  a  bitter  disagreeable  tiistc, 
which  is  characteristic  of  all  the  soluble  salts  of  magnesia.  It  is  not  precipitated  in 
the  cold  by  the  alkaline  bicarbonatcs,  by  common  carbonate  of  ammonia,  nor  by 
oxalate*  of  ammonia  if  the  solution  of  stilphate  of  magnesia  be  dilute.  This  salt 
cr\stailizes  at  82°  with  12II0  (Fritzsche);  it  is  also  generally  stated  to  crystallize 
about  70°,  with  6110. 

Sulphate  of  magnesia  loses  GIIO  considerably  under  300°,  but  retains  1  eq.  of 
water  even  at  400.°  The  last  equivalent  is  replaced  by  sulphate  of  potassa,  forming 
the  double  sulphate  of  magnesia  and  potassa,  which  is  considerably  less  soluble  than 
the  sulphate  of  magnesia,  and  cry.stallizes  with  GIIO.  Sulphate  of  magnesia  unites 
directly  with  sulphate  of  ammonia  also,  at  the  ordinary  temperature,  and  with  sul- 
phate of  soda  above  100°  (Mr.  Arrott). 

Sulphate  of  magnesia,  when  ignited  in  contact  with  charcoal,  leaves  magnesia 
with  very  little  sulphide  of  the  mertal ;  it  is  the  last  of  the  earths  which  exhibits 
toy  analogy  of  this  kind  to  the  alkalies.  The  hydrosulphate  of  sulphide  of  magnc- 
num  is  soluble  in  water,  and  appears  to  be  formed  when  sulphate  of  magnesia  is 
precipitated  by  sulphide  of  barium. 

Hpposuiphate  of  magnesia  forms  crystals,  which  arc  persistent  in  air,  yery  soluble^ 
and  ooDtain  36.77  per  cent,  or  6  cq.  of  water^  like  the  following  salt. 

27 
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Nitrate  of  magnesia  is  a  very  fioluble  and  highly  deliquescent  nit  B  aptih 
lizes  with  6 HO. 

Phosphate  of  magnesia  is  formed  on  mixing  cold  solations  of  common  pboqihato  of 
soda  and  sulphate  of  magnesia,  and  allowing  to  stand  for  24  houre.  The  nlc  if 
pears  in  tufts  of  slender  prisms,  which  effloresce  in  dry  air.  Thoy  are  solabk  ii 
about  1000  times  their  weight  of  water.  The  composition  of  this  sdt,  whick  I 
carefully  examined,  may  be  expressed  by  the  following  formula  —  HO.2MgO.P0j 
+  2 no +  12 HO.     (Phil.  Trans.  1837.) 

Phosphate  of  magnesia  and  ammonia.  —  This  is  the  well-known  granular  preci- 
pitate which  appears  when  a  tribasic  phosphate  and  a  salt  of  ammonia  are  dissi^W 
together,  and  any  salt  of  magnesia  is  added  to  the  mixture.  Its  formation  is  b&ii 
recourse  to  as  a  test  of  the  presence  of  magnesia.  Although  insoluble  in  a  liqiud 
containing  salts,  it  is  so  soluble  in  pure  water  that  it  cannot  be  washed  without  sen- 
sible loss.  It  is  readily  dissolved  by  acids.  The  same  substance  forms  the  bass 
of  the  variety  of  urinary  calculus  known  as  the  ammoniaco-magnesian  phosphate. 
It  is  a  tribasic  phosphate,  of  which  the  3  eq.  of  base  are  1  eq.  of  oxide  of  ammoDium 
and  2  eq.  of  magnesia,  with  12  eq.  of  water  of  crystallization  :  ten  of  the  latter  may 
be  expelled  without  any  loss  of  ammonia.  The  formula  of  this  salt  is  thcrefon 
NU,O.2MgO.PO5  +  2HO  +  10nO.  The  same  salt  was  found  in  crystals  of  cona- 
derable  magnitude,  by  Dr.  Ulex,  in  the  old  soil  of  the  city  of  Hambnrgh,  lod 
named  slruvitc,  as  a  new  mineral  species.  It  has  also  been  found  in  guano,  and 
hence  named  guanite  by  Mr.  Tcschemacher.  Dr.  Otto  has  observed  a  oorrespoodinf 
tribasic  phosphate  of  protoxide  of  iron  and  ammonia,  which  contains  only  2  cq.  <h 
water ;  and  also  an  arseniate  of  manganese  and  ammonia,  of  which  the  water  of 
crystallization  appears  to  bo  the  same  as  that  of  the  phosphate  of  magnesia  aid 
ammonia.  By  igniting,  without  fusing,  phosphate  of  magnesia  with  a  small  quan- 
tity of  carbonate  of  potassa,  an  insoluble  double  salt  of  similar  constitatioQ, 
23igO.KO.PO5,  was  obtained  by  H.  Hose.  Corresponding  double  phoq>hate9» 
containing  2  eq.  of  lime,  baryta,  and  strontia,  in  the  place  of  the  2  eq.  of  magneaa, 
were  prepared  in  a  similar  manner. 

Borate  of  magnesia, — The  neutral  salt  was  obtained  by  M.  Wohler,  in  the  form 
of  cryst-als,  by  heating  a  mixture  of  the  solutions  of  sulphate  of  magnesia  and  boiax 
to  the  boiling  point,  so  as  to  form  a  precipitate,  which  is  re-dissolved  on  cooling,  and 
leaving  the  liquid  at  a  temperature  only  a  few  degrees  above  32^  for  some  months. 
There  were  formed  on  the  sides  of  the  vessel  thin  crystalline  needles,  transparent, 
brilliant,  hard,  and  having  much  of  a  mineral  character,  insoluble  in  hot  or  cold 
water,  and  having  the  composition  MgO.BOs+SHO.  Boracic  acid  forms  also  u 
insoluble  triborate  of  magnesia,  3MgO.BO,+9IIO;  a  soluble  terborate,  MgO.3B0^ 
-f-SnO;  and  a  soluble  scxborate,  MgO-GBOj+lSHO. 

Ti)(}  mineral  boracite,  which  occurs  in  tJie  cube  and  its  allied  forma,  is  an  anbj- 
drous  compound  of  magnesia  and  boracic  acid,  in  the  ratio  of  3  eq.  of  magnetiato 
4  eq.  of  boracic  acid,  which  is  represented  by  Mg0.2BOa4-2(MgO.BO,).  Thii 
niiiioral  becomes  electrical  by  heat  The  rare  mineral,  hydrohoracitty  isy  accoidiof 
to  Hess,  a  compound  of  a  borate  of  lime  and  borate  of  magnesia,  in  both  of  whia 
the  acid  and  base  arc  in  the  same  ratio  as  in  boracite,  with  18  eq.  of  water. 

Silicates  of  magnesia.  —  Magnesia  is  found  combined  with  silicic  acid  in  nrioBi 
proportions,  forming  several  mineral  species,  of  which  the  formulae  are  as  follows >* 

Steatite 6(MgO.SiOs)+2HO. 

Meerschaum MgO.SiOa-f  2H0. 

Picrosmine  and  pyrallolite 6Mg0.4SiO,4-3HO. 

Peridote  (olivine,  or  clirysolyte) ....     3MgO.Si03. 

'TthtLlKf  :«Ur!!!  1 2(3MgO4-2Si0,)+8(MgO.2H0). 
^^aT^aS'^.i!"!!.'!.  °^!''"'  1 3Ca0.2Si0.+  3MgO.2SiO^ 
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In  these  mineralp,  particularly  the  two  last,  the  magnesia  is  often  replaced,  in 
whole  or  in  part,  bj  protoxide  of  iron,  which  gives  them  a  green,  and  sometimes 
black  colour.  Fine  crystals  of  pyroxene  arc  often  found  among  the  scoriae  of  blast- 
furnaces. Serpentine  is  easily  decomposed  by  acids,  and  may  be  employed  in  the 
preparation  of  sulphate  of  magnesia.  A  variety  of  other  minerals  are  formed  of 
Bilicic  acid  and  magnesia,  anhydrous  or  hydrated ;  such  as  talc,  metaxite,  &c. 


ORDER  III. 

METALLIC   B.\SES   OF   TUE   EARTHS. 

SECTION   I. 

ALUMINUM. 

Eq.  13.7  or  171.2;  Al. 

This  element  is  named  from  alumcn,  the  Latin  term  for  alum,  which  is  a  double 
salt,  consisting  of  sulphato  of  alumina  and  sulphate  of  potassa. 

Like  the  preceding  metal,  aluminum  is  obtained  from  its  chloride  by  the  action 
of  potassium.  In  order  to  diminish  the  violence  of  the  reaction,  M.  Wiihler  recom- 
mends that  about  20  grains  of  perfectly  dry  potassium  be  introduced  into  a  small 
platinum-crucible,  which  is  placed  within  another  larger  crucible,  also  of  platinum, 
containing  the  anhydrous  chloride  of  aluminum.  The  cover  of  the  larger  crucible 
is  then  fastened  down  by  an  iron-wire,  and  heat  applied  with  caution.  Jhe  alumi- 
num is  afterwards  separated  from  the  chloride  of  potassium,  with  which  it  is  mixed, 
by  digesting  the  crucible  and  its  contents  in  a  considerable  quantity  of  cold  water. 
The  metal  appears  as  a  grey  powder,  resembling  spongy  platinum,  but  is  seen  in  a 
strong  lights  while  suspended  in  water,  to  consist  of  small  scales  or  spangles  having 
the  metallic  lustre.  It  is  not  a  conductor  of  electricity  when  in  this  divided  state, 
but  becomes  one  when  its  particles  are  approximated  by  fusion.  Wohler  finds  that 
iron  resembles  aluminum  in  that  respect.     [See  Supplement,  p.  818.] 

Aluminum  has  no  action  upon  water  at  the  usual  temperature,  but  decomposes  it 
to  a  small  extent  at  the  boiling  temperature,  with  the  evolution  of  hydrogen.  It 
undergoes  oxidation  more  rapidly  in  solutions  of  potassa,  soda,  and  ammonia,  and 
the  re^julting  alumina  is  dissolved  by  these  alkalies.  Aluminum  requires  for  fasiSn 
a  temperature  higher  than  that  at  which  cast-iron  melts.  Heated  in  open  air,  it 
takes  fire  and  burns  with  a  vivid  light,  and  in  oxygen-gas  with  the  production  of  so 
much  heat  as  to  fuse  the  alumina,  which  then  has  a  yellowish  colour,  and  is  equal 
in  hnrdncss  to  the  native  crystallized  aluminous  earth,  corundum. 

Jilumina  ;  AljO-,:  51.4  or  G42.5. — This  earth  is  the  only  degree  of  oxidation  of 
which  aluminum  is  susceptible,  so  far  as  is  known  at  present.  In  its  constitution, 
alumina  is  presumed  to  resemble  sesquioxide  of  iron,  because  it  occurs  crystallized 
in  the  same  form  as  the  native  sesquioxide  of  iron,  and  the  salts  into  which  it  enters 
are  strictly  isomorphous  with  the  corresponding  salts  of  that  oxide.  To  3  cq.  of 
oxygen  it  must,  therefore,  contain  2  ccj.  of  metal,  such  being  the  composition  of 
Ecs^quioxidc  of  iron.  Aluminum  is  not  known  to  enter  into  combination  in  any  other 
proportion  than  that  of  two  equivalents  of  the  metal  to  three  of  the  halogenous  con- 
stituent    [Sc«  Supplement,  p.  819.] 

Alumina  occurs  in  a  state  of  purity,  with  the  exception  of  a  trace  of  colouring 
matter,  in  two  precious  stones,  the  sapphire  and  ruhy ;  the  first  of  which  is  blue, 
and  the  other  red.  They  arc  not  inferior  in  hardness  to  the  diamond.  Their  den- 
sity is  from  3.9  to  3.97.     Alumina  may  bo  obtained  by  calcining  the  sulphate  of 
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alumina  and  ammcaia,  or  ammoniacal  alum,  very  strongly.  But  alnmina  so  prfr- 
pareJ  is  insoluble  in  acids.  It  is  obtained  in  the  stato  of  a  hydrate  from  common 
alum  by  dissolving  the  latter  in  boiling  water,  and  adding  a  solution  of  ammooii 
^or  better,  of  the  carbonate  of  ammonia),  and  boiling.  This  earth  is  still  more  per- 
Icctly  precipitated  by  the  hydrosulphato  of  ammonia,  according  to  MM.  Milagati 
and  Durocher.  The  precipitate,  which  is  white,  gelatinous,  and  very  bulky,  must 
be  carefully  washed,  by  mixing  it  several  times  with  a  large  quantity  of  distilled 
water,  allowing  it  to  settle,  and  pouring  off  the  clear  liquid.  By  drying  in  air,  alu- 
mina is  reduced  to  a  few  hundredths  of  the  bulk  of  the  humid  mass.  It  is  still  a 
hydrate,  but,  when  ignited  at  a  high  temperature,  it  gives  anhydrous  alumina.  Ooe 
hundred  parts  of  alum  furnish  10.3  parts  of  alumina. 

Alumina  is  white  and  friable.  It  has  no  taste,  but  adheres  to  the  tongue.  Before 
the  oxihydrogen-blow-pipe  it  melts  into  a  colourless  glass.  After  being  ignited,  it 
is  dissolved  by  acids  with  great  difficulty.  It  is  highly  hygrometric,  condensing 
about  15  per  cent,  of  moisture  from  the  atmosphere  in  damp  weather.  If  ignited 
alumina  contains  a  small  portion  of  magnesia,  it  becomes  warm  when  moistcaed 
with  water :  this  property  is  very  sensible,  even  when  the  proportion  of  magnesia 
does  not  exceed  half  a  per  cent.  It  appears  to  be  due,  not  to  chemical  combination, 
but  to  heat  disengaged  by  humcctation, — a  phenomenon  first  observed  by  Pouillet 

The  hydrate  of  alumina,  when  moist,  is  gelatinous  and  semi-transparent,  like 
starch,  but  dries  up  into  gummy  masses.  It  is  completely  insoluble  in  water,  bat 
is  readily  dissolved  by  acids,  and  also  by  the  fixed  alkalies ;  this  earth  standing  in 
the  relation  of  an  acid  to  the  stronger  bases.  Caustic  ammonia  dissolves  it  only  ia 
small  quantity.  The  hydrate  of  alumina  is  deposited  in  crystals  when  the  solation 
of  this  earth  in  potassa  is  allowed  to  absorb  carbonic  acid  slowly  from  the  air.  The 
crystals  arc  white  and  transparent  at  the  edges,  and  contain  3  eq.  of  water,  which 
they  do  not  loso  at  212^.  The  mineral  gibsite  is  a  native  hydrate  of  alumina  of 
the  same  composition,  AljOg  +  3H0.  Another  native  hydrate  exists,  containing 
less  water,  AI2O34*  2110.  It  is  called  diasport  by  mineralogists,  from  decrepitating 
and  falling  to  powder  when  heated,  —  a  property  which  the  artificial  hydrate  in 
gummy  masses  likewise  exhibits. 

Uydrated  alumina  has  a  peculiar  attraction  for  organic  matter,  which  it  withdiawa 
from  solution ;  and  hence  this  earth  is  apt  to  be  coloured  when  washed  with  water 
not  absolutely  pure.  This  affinity  is  so  strong,  that,  when  digested  in  solutions  of 
vegetable  colouring  matters,  alumina  combines  with  and  carries  down  the  colouring 
matter,  which  is  removed  entirely  from  the  liquid,  if  the  alumina  is  in  sufficient 
quantity.  The  pigments  called  lakes  arc  such  aluminous  compounds.  The  fibre 
of  cotton,  when  charged  with  this  earth,  attracts  and  retains  with  force  the  same 
colouring  matters.  Hence  the  great  application  of  aluminous  salts  in  dyeing,  \o 
impregnate  cloth  or  yarn  with  alumina,  and  thus  enable  it  to  fix  the  colouring  matter, 
and  produce  a  fiist  colour.  Alumina  is  then  said  to  be  a  mordant :  binoxide  of  tin 
and  scsquioxidc  of  iron  have  an  equal  attraction  for  organic  colouring  matters. 

^Vlumiua,  it  will  bo  observed,  is  not  a  protoxide,  and  is  greatly  inferior  to  the 
preceding  earths  iu  basic  power.  It  is  dissolved  by  acids,  out  never  neutraliies 
them  completely.  Hence,  alum  and  all  the  salts  of  alumina  have  an  acid  reaction. 
Their  solutions  have  an  astringent  and  sweetish  taste,  which  is  peculiar  to  them. 
Alumina  dissolves,  to  the  extent  of  several  equivalents,  in  some  acids,  particukrly 
hydrochloric  acid,  forming  feeble  compounds,  which  are  even  deprived  of  a  portion 
of  their  alumina  by  filtering  them  through  paper.  It  is  usually  supposed  that  alu- 
mina does  not  combine  with  some  of  the  weaker  acids,  such  as  carbonic  acid;  and 
that  an  alkaline  carbonate  throws  down  alumina  from  alum,  and  not  a  carbonate  of 
that  earth.  The  carbonate  of  ammonia,  however,  according  to  31r.  Danson,  gives  a 
subcarbouate  of  alumina,  which,  dried  in  vacuo  at  a  low  temperature,  formed  a  li^t 
bulky  powder,  having  the  composition  3AI2O3.2COJ  -{•  ICHO.  Alumina  dissolves 
readily  in  solution  of  potassa  or  soda,  forming  compounds  in  which  it  must  play  the 
part  of  an  acid.     The  aluminatc  of  potassa  is  deposited,  on  evaporating  a  solutioii 
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of  alamina  in  pot^ssa,  in  white  granular  crystals,  sweet  to  the  taste,  and  having  a 
strongly  alkaline  reaction  :  its  formula  is  KO.AI2O3,  according  to  M.  Fremy.  Such 
combinations  occur  in  nature :  spinellj  a  very  hard  mineral  crystallizing  in  octohe- 
drons,  being  an  aluminate  of  magnesia,  MgO.AljOj;  VLud  gahnitej  an  aluminate  of 
zinc,  ZnO.AljOs. 

Sulphide  of  aluminum  is  formed  by  burning  the  metal  in  the  vapour  of  sulphur. 
It  is  a  black  semi-raetallic  mass,  which  is  rapidly  transformed,  by  contact  with  water, 
into  alumina  and  hydrosulphuric  acid,  llydrosulphate  of  ammonia  has  the  same 
effect  upon  the  solution  of  a  salt  of  alumina  as  ammonia  has  itself,  neutralizing  the 
acid  of  the  salt,  and  throwing  down  alumina,  while  hydrosulphuric  acid  escapes. 

Chloride  of  aluminum;  AI2CI3;  183.9  or  1673.75. — When  alumina  is  dissolved 
in  hydrochloric  acid,  it  is  to  be  supposed  that  water  and  a  chloride  of  the  metal  are 
formed;  31ICI  and  Al203  =  AI2CI3  and  3110.  The  solution,  when  concentrated  by 
spontaneous  evaporation  in  a  very  dry  atmosphere,  yields  crystals,  which  Bonsdorff 
found  to  contain  12  eq.  of  water.  But  it  generally  forms  a  saline  mass,  which  de- 
liquesces quickly  in  the  air.  When  it  is  attempted  to  make  this  salt  anhydrous  by 
beat,  the  chlorine  goes  off  in  the  form  of  hydrochloric  acid,  and  pure  alumina  is  left. 

The  anhydrous  chloride  was  discovered  by  Oersted,  who  made  known  a  method 
of  preparing  it  which  has  since  had  numerous  applications.  Pure  alumina,  free 
from  pota.ssa,  is  intimately  mixed  with  oil  and  lamp-black,  made  up  into  pellets,  and 
strongly  calcined  in  a  crucible.  The  alumina  is  thus  made  anhydrous,  Without 
being  otherwise  altered.  It  is  then  introduced  into  a  porcelain-tube,  which  is  placed 
across  a  furnace  and  exposed  to  a  red  heat.  Chlorine-gas,  carefully  dried,  is  con- 
ducted over  the  materials  in  the  tube,  when,  under  the  conjoint  influence  of  carbon 
and  chlorine,  the  alumina  is  decomposed;  its  oxygen  is  wirried  off  by  the  carbon  as 
carbonic-oxide  gas,  and  chlorine  unites  with  the  aluminum  itself.  The  chloride  of 
aluminum,  being  volatile,  sublimes  and  condenses  in  the  cool  part  of  the  porcelain- 
tube.  A  glass-tube,  a  little  smaller  than  the  porcelain-tube,  should  be  introduced 
into  this  part  of  the  latter,  which  may  afterwards  be  drawn  out,  containing  the  con- 
densed chloride.  The  salt  is  partly  in  the  state  of  long  crystalline  needles,  and 
partly  in  the  form  of  a  firm  and  solid  mass,  which  is  ea.<!ily  detached  from  the  glass. 

Clilorido  of  aluminum  is  of  a  pale  greenish-yellow  colour,  and  to  a  certain  degree 
translucent.  In  air  it  fumes  slightly,  diffuijcs  an  odour  of  hydrochloric  acid,  and 
runs  into  a  liquid  by  the  absorption  of  moisture.  It  is  very  soluble  in  water,  but 
cannot  again  be  recovered  in  the  anhydrous  condition.  It  is  equally  soluble  in 
alcohol.  Chloride  of  aluminum  combines  with  hydrosulphuric  acid,  phosphuretted 
hydrogen,  and  also  with  ammonia. 

The  Jluoride  of  aluminum  can  only  be  obtained  by  dissolving  pure  aluminum  in 
hydrofluoric  acid :  it  does  not  crystallize.  This  lUioride  unites  in  two  proportions 
with  fluoride  of  potassium,  for  which  it  has  a  strong  affinity.  Both  the  compounds 
are  gelatinous  precipitates,  which  become  white  and  pulverulent  after  being  washed 
and  dried.  Berzelius  assigned  to  them  the  formulte,  3KF-f  AI2F3  and  2KF-f  AI2F3. 
Fluoride  of  aluminum  exists  in  two  crystalline  minerals,  one  of  which,  on  account 
of  its  transparency,  hardness,  and  brilliancy,  is  reckoned  among  the  precious  stones  :-- 

Topaz 3(AlA.Si03)  +  (Al203+AlaF3) 

Pyknite 3(Al208.Si03)  +  AlaF3. 

The  sulphocyanide  of  aluminum  crystallizes  in  octohedrons,  which  are  persistent 
in  air. 

SALTS   OF   ALUMINA. 

Sulphate  of  alumina;  AlA  3S0,4-1SII0;  171.4  +  162  or  2142.5 +  2025.— 
Obtained  by  dissolving  alumina  in  sulphuric  acid.  It  crystallizes  in  thin  flexible 
plates  of  a  pearly  lustre,  has  a  sweet  and  astringent  taste,  and  is  soluble  in  twice  its 
weight  of  cold  water,  but  does  not  dissolve  in  alcohol.  When  heated,  it  fuses  in  its 
water  of  crystallization,  swells  up,  and  forms  a  light  porous  mass,  which  appears  at 
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first  to  bo  insoluble  in  water,  but  dissolves  completely  after  a  time.  Heated  to  red- 
ness, it  is  entirely  decomposed ;  the  residue  is  pure  alumina.  This  salt  has  been 
found,  in  the  crystalline  form,  in  the  volcanic  Island  of  Milo  in  the  Archipelaga 
Sulphuric  acid  aud  alumina  combine  in  several  proportions,  but  this  is  coosidensd 
the  neutral  sulphate,  as  it  possesses  the  same  number  of  equivalents  of  acid  as  it 
contains  equivalents  of  oxygen  in  the  base. 

Another  sulphate  of  alumina  (AljOa-SSOt+AlgOs)  was  obtained  by  Maus  bj 
saturating  sulphuric  acid  with  alumina,  which  contains  twice  as  much  alumina  ai 
the  neutral  sulphate.  After  evaporation,  this  subsalt  presents  itself  in  a  gammj 
mass,  which  dissolves  in  a  small  quantity  of  water,  but  is  decomposed  when  the 
solution  is  diluted  with  a  large  quantity  of  water,  or  boiled ;  in  that  case  the  nentrd 
salt  remains  in  solution,  aud  the  following  salt  precipitates.  Subtrisulphate  of 
alumina,  AljOs-SSOj+^AlaOs+OHO,  precipitates,  on  adding  ammonia  to  the  sul- 
phate of  alumina,  as  a  white  insoluble  powder.  This  subsalt  forms  the  minoial 
alttminiie,  which  is  found  near  Newhaven  in  England,  and  at  Halle  in  Ger- 
many. 

Alvm;  sulphate  of  alumina  and  potassa;  KO.SO3 -f  AljOs-SSOa  +  24H0; 
258.4-1-216,  or  3230  +  2700.  — Sulphate  of  alumina  has  a  strong  affinity  foreul- 
phate  of  potassa,  in  consequence  of  which  octohedral  crystals  of  this  double  salt 
precipitate  when  a  salt  of  potassa  is  added  to  a  strong  solution  of  sulphate  of  alamioi 
Alum  is  a  salt  of  which  large  quantities  arc  consumed  in  dyeing.  It  is  prepared  bj 
several  processes,  or  derived  from  different  sources.  It  may  be  prepared  by  decom- 
posing clay  with  sulphuric  acid ',  the  decomposition  is  sometimes  effected  by  ignitiDg 
pure  clay,  grinding  it  afterwards  to  powder,  and  mixing  it  with  0.45  of  sulphoiie 
acid,  of  1.45  density.  This  mixture  is  heated  in  a  reverberatory  furnace  till  the 
mass  becomes  very  thick ;  afterwards  left  to  itself  for  at  least  a  month,  and  thd 
treated  with  water  to  wash  out  tho  sulphate  of  alumina  formed.  This  salt  forms,  oa 
cooling,  a  mass  of  interlaced  crystals,  being  tlic  sulphate  of  alumina  already  d^ 
scribed,  AljOs.3S03+18UO.  Some  clays  and  aluminous  schists  do  not  require  to 
be  heated  before  being  treated  with  sulphuric  acid.  The  addition  of  sulphate  of 
potassa  converts  the  last  salt  into  alum. 

The  old  mode  of  making  alum  is  still  largely  practised  in  England.  A  Bcnei 
of  beds  occur  low  in  many  of  the  coal  measures,  which  contain  much  bisulphide  of 
iron.  One  of  these,  known  as  alum-slate,  is  a  silicious  clay,  containing  a  considerable 
portion  of  coaly  matter,  and  of  tho  metallic  sulphide  in  a  state  of  minute  divisioiL 
When  this  mineral  is  exposed  to  air-and  moisture,  it  soon  exfoliates,  from  the  for* 
mation  of  sulphate  of  iron,  the  bisulphide  of  iron  absorbing  oxygen  like  a  pyrch 
phorus.  The  excess  of  sulphuric  acid  formed  attacks  the  other  bases  present  of 
which  the  most  considerable  is  alumina.  Aluminous  schists  often  rec^uire  to  be 
moderately  calcined  or  roasted  before  they  undergo  this  change  in  the  atmosphere. 
The  mineral  being  lixiviated,  after  a  sufficient  exposure,  affords  a  solution  of  sul- 
phate of  alumina  and  protosulphutc  of  iron,  from  which  the  latter  salt  is  first  8epa> 
rated  by  crystallization.  The  subsequent  addition  of  sulphate  of  potassa  to  the 
liquor  causes  tho  formation  of  alum;  the  chloride  of  potassium  answers  the  satoe 
purpose,  and  has  the  advantage  over  the  sulphate  that  it  converts  the  remainiag 
sulphates  of  iron  into  chlorides,  which  are  very  soluble,  and  from  which  the  alum  ii 
most  easily  separated  by  crystallization.  A  very  pure  alum  is  also  obUiined  in  the 
Roman  states  from  alum-stone^  which  is  simply  heated  till  sulphurous  acid  bepias 
to  escape  from  it,  and  the  residue  of  this  calcination  treated  with  water.  This 
mineral  contains  an  insoluble  sub.sulphate  of  alumina  with  sulphate  of  potassa.  Tho 
heating  has  the  effect  of  separating  the  excess  of  alumina,  so  that  a  neutral  sulpbite 
of  alumina  is  formed.  Alum-stone  appears  to  be  continually  produced  at  the 
Solfatara,  near  Naples,  and  other  volcanic  districts,  by  the  joint  action  of  sulph(U>- 
ous  acid  and  oxygen  upon  trachyte,  a  volcanic  rock  composed  almost  eotirelj  o( 
•felspar.     [Sec  Supplement,  p.  820.] 
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The  solubility  of  crystallized  alum,  according  to  M.  Poggialc,  is  as  follows :  — 

100  parts  of  water  at  32°    (0°  C.)  dissolve  3.29  parts  of  alum. 

—  at  50°  (10°  C.)    —      9.52  — 

—  at  86°  (30°  C.)    —    22.00  — 

—  at  140°  (60°  C.)    —    31.00  — 

—  at  158°  (70°  C.)    —    90.00  — 

—  at  212°  (100°  C.)  —  357.00  — 

It  crystallizes  very  readily  in  regular  octobedrons,  of  wbicb  tbe  apices  are  always 
iDorc  or  less  truncated,  fn>ni  the  appearance  of  faces  of  tbe  cube;  their  density  is 
1.71.  The  tasto  of  alum  is  sweet  and  astringent,  and  its  action  decidedly  acid;  it 
dissolves  metals,  witb  evolution  df  hydrogen,  as  readily  as  free  sulphuric  acid.  The 
crystals  effloresce  slightly  in  air,  and,  when  heated,  melt  in  their  water  of  crystalli- 
zation, which  amounts  to  45.5  per  cent,  of  their  weight,  or  24  equivalents.  The 
fusc<l  salt,  in  losing  this  water,  becomes  viscid,  froths  greatly,  and  forms  a  light 
pirous  mass,  known  as  burnt  alum.  When  submitted  to  a  graduated  temperature," 
alum  loses  10  equivalents  of  water  at  212°,  and  9  equivalents  more  at  248°  (120° 
C.) ;  leaving  alum  combined  with  5  eq.  of  water.  This  last  substance  can  support  a 
temperature  of  320°  (1G0°  C.)  without  losing  more  water.  At  356°  (180°  C.)  it 
loses  4  equivalents  of  water  ]  a  salt  then  remains  which  parts  with  ^  eq.  of  water 
at  o92°  (200°  C.),  leaving  alum  in  combination  witb  J  eq.  of  water  (llertwig). 

A  pyrophorus  is  formed  from  an  intimate  mixture  of  3  parts  of  alum  and  1  of 
Fug:ir,  which  are  first  evaporated  to  dryness  together,  and  then  introduced  into  a 
small  stoneware-bottle,  and  this  placed  in  a  ci*ucible  and  surrounded  with  sand.  The 
whole  is  heated  to  redness  till  a  blue  flame  appears  at  the  mouth  of  the  bottle,  which 
is  allowed  to  burn  for  a  few  minutes,  and  the  mouth  then  closed  by  a  stopper  of 
chalk.  After  cooling,  the  bottle  is  found  to  contain  a  black  powder,  which  becomes 
red-hot  when  exposed  to  air,  and  catches  fire  also  and  burns  with  peculiar  vivacity 
in  oxygen-gas.  This  property  appears  to  depend  upon  the  highly  divided  state  of 
sulphide  of  potassium,  which  is  intermixed  with  charcoal  and  sulphate  of  alumina. 
A  pyrophorus  can  be  produced  from  sulphate  of  potassa  alone,  without  the  sulphate 
of  Hlumina;  but  it  does  not  so  certainly  succeed. 

If  the  quantity  of  carbonate  of  soda  necessary  to  neutralize  a  portion  of  alum  be 
divided  into  three  equal  portions,  and  added  in  a  gradual  manner  to  the  aluminous 
solution,  it  will  be  found  that  the  alumina  at  first  precipitated  is  re-dissolved  upon 
fitirringf  and  that  no  permanent  precipitate  is  produced  till  nearly  two  parts  of  alka- 
line carbonate  arc  added.  It  is  in  the  condition  of  this  partially  neutralized  solution 
that  alum  is  generally  applied  as  a  mordant  to  cloth.  Animal  charcoal  readily 
withdraws  the  excess  of  alumina  from  this  solution,  and  so  does  vegetable  fibre, 
probably  from  a  similar  attraction  of  surface.  When  this  solution  is  concentrated 
by  evaporation,  alum  crystallizes  from  it,  generally  in  the  cubic  form,  and  the  excess 
of  alumina  is  precipitated. 

Basic  alum  is  a  granular  crystalline  compound,  which  precipitates  when  gelatinous 
alumina  is  boiled  iu  a  solution  of  alum.  Tiie  formula  of  this  salt  is  HO.SOs+ 
8(Al20,.S(),)-f  9II0:  the  alum-stone  used  in  preparing  the  Roman  alum  has  the 
same  composition. 

Sulphate  of  ammonia  may  be  substituted  for  sulphate  of  potassa  in  alum,  g^vibg 
rise  to  ammaniacal  alum^ 

NII.O.SOj  +  Al  A.3SO3.  H-  24nO., 

which  agrees  very  closely  in  properties  with  potassa-alum. 

Sulphate  of  alumina  also  combines  with  sulphate  of  soda,  forming  soda-alum^ 
which  crystallizes  in  the  same  form  as  common  alum,  and  also  contains  24HO,  the 
formula  of  soda-alum  being, 

NaO.SOH-  Al  ASSOrf  24HO. 


424  ALUMINUM. 

Crystals-  are  obtained  bj  mixing  the  sulphates  of  soda  and  alaminay  and  leaving  t 
concentrated  solution  to  spontaneous  evaporation ;  or  by  pouring  spiriti  of  wine 
upon  the  surface  of  such  a  solution  contained  in  a  bottle,  vrhich  depositB  ciystala  as 
the  alcohol  gradually  diffuses  through  it  This  salt  effloresces  in  air  as  rapidlj  u 
sulphate  of  soda.  It  is  very  soluble  in  water^  10  parts  of  water  at  60**  dinoiviDg 
11  parts  of  this  salt. 

Sulphate  of  alumina  also  combines  with  the  sulphate  of  protoxide  of  iron,  when 
dissolved  with  that  salt  and  a  considerable  admixture  of  sulphuric  acid  (Klaaer). 
The  double  salt  was  found  to  contain  1  eq.  of  protosulphate  of  iron  (FeO.SOj),  1  eq 
of  sulphate  of  alumina  ( AljOj.SSOs),  and  24  eq.  of  water  (24IIO),  which  indicaus 
a  similarity  in  composition  to  alum.  But  it  is  deposited  in  long  acicular  crystals, 
which  do  not  belong  to  the  octohcdral  system,  and  has  therefore  no  claim  to  be  ci>ii- 
sidcrcd  an  alum.  A  similar  salt  with  magnesia  was  obtained  in  the  same  way. 
Another  combiuati(m  of  the  same  class,  containing  the  sulphate  of  manganese,  forms 
a  white  fibrous  mineral  found  in  a  cave  upon  Bushman's  river  in  South  Africa. 
This  native  sulphate  of  alumina  and  manganese  has  been  carefully  examined  by  Dr. 
Apjohn  and  by  Sir  R.  Kane,  and  found  to  contain  25 HO.  It  is  probable  that  if 
the  proportion  of  water  in  Klauer  s  salts  were  accurately  determined,  it  would  be 
found  to  be  the  same.  Tlicse  salts  may  be  represented  as  compounds  of  a  magDesian 
sulphate,  retaining  its  single  equivalent  of  constitutional  water,  with  sulphate  of  alu- 
mina ;  the  manganese  compound  thus :  — 

MnO.S03.nO-f-AIA-3SOs+-24HO. 

Certain  salts  have  been  formed,  isomorphous  with  alum,  and  strictly  analogous  in 
composition,  in  which  the  alumina  is  replaced  by  metallic  oxides  isomorphous  if  ith 
it,  namely,  by  sesquioxide  of  iron,  sesquioxide  of  manganese,  and  sesquioxide  of 
chromium.  To  these  salts  the  generic  term  alum  is  applied,  and  the  species  is  dis- 
tinguished by  the  name  of  the  metallic  sescjuioxido  it  contains ;  as  iron-alum,  nuoh 
ganese-alunij  and  chrome-alum. 

Alumina  dissolves  freely  in  most  acids,  but,  like  metallic  peroxides  in  general,  it 
affords  few  crystalline  salts,  except  double  salts.  The  oxalate  of  potassa  and  alutniu 
is  the  only  other  of  these  that  has  been  fully  examined.  It  is  remakable  for  its 
composition,  containing  3  cq.  of  oxalate  of  potassa  to  1  eq.  of  oxalate  of  alumina, 
with  6  eq.  of  water.     Its  formula  is,  therefore, 

8(KO.CA)-f-AlA.3C203+6HO. 

Like  alum  it  is  the  type  of  a  genus  of  double  salts.  The  corresponding  oxalatcfl, 
containing  soda,  crystallize  with  lOHO.  —  (Phil.  Trans.  1837,  p.  54.) 

Nitrate  of  alumina  is  said  to  crystallize  with  difficulty  in  prismatic  crystals  ladi- 
ating  from  a  centre.     [Sre  Sttjyplemcnty  p.  820.] 

An  insoluble  phosphate  of  alumina  precipitates  when  phosphate  of  soda  is  added 
to  a  solution  of  alum.  By  fusion  it  gives  a  glass,  like  porcelain  :  its  compositioD  is 
2Al203.3r05  (Bcrzclius).  This  salt,  dissolved  in  an  acid  and  precipitated  bv  am- 
monia in  excess,  gives  a  more  highly  basic  phosphate,  of  which  the  formula  is 
4Alj03.3POs  (Bcrzclius).  The  last  phosphate  of  alumina  occurs  in  nature,  in  com- 
bination with  fluoride  of  aluminum,  in  the  form  of  radiating  crystals,  and  is  named 
teavcllite,  of  which  the  formula  is  Al,F3+3(4Ala03.3P03)  +  36HO.  A  phosphate 
of  alumina  and  lithia,  containing  the  same  subphosphate  of  alumina,  forms  tbe  nut 
mineral  amblygonilc,  and  may  be  prepared  artificially :  its  formula  b  2Li0.P0ri- 
4A1A.3P05. 

SILICATES  OP  ALUMINA. 

The  varieties  of  clay  arc  essentially  silicates  of  alumina,  but  composed  as  they 
are  of  the  insoluble  matter  of  various  n:)cks  destroyed  by  the  action  of  water,  it  ii 
not  to  be  expected  that  they  will  be  uniform  in  composition.  Mitficherlich  consideri 
it  probable  that  the  basis  of  clay  is  usually  a  subsilicate  of  alomioa,  of  which  th* 
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ula  is  2AlA-3Si03;  and  which  contain  67.42  parts  of  silicic  acid  and  42.58 
umina  in  100  parts.  But  from  the  analysis  of  Mosander,  the  refractory  clay 
x)urbridge  (a  fire-clay)  is  a  neutral  silicate  of  alumina,  AljOi-SSiOa.  China-clay 
JoUn,  which  is  prepared  from  decaying  granite,  being  the  result  of  the  decom- 
ion  of  the  felspar  and  mica  of  that  mineral,  is  not  uniform  in  its  composition, 
clay  from  a  white  bed  of  the  Plastic  Clay  formation,  which  is  worked  for  the 
oscs  of  pottery  in  the  neighbourhood  of  Farnham,  gave  Mr.  Way  the  following 
ta:  — 

'hitc  clay  dried  at  212°  contained  in  100  parts  — 

rSilicic  acid 42.28 

Alumina 11.45 

Insoluble  in  acids,  58.03  I  Oxide  of  iron  3.53 

Lime 0.55 

Magnesia 0.22 

r  Silicic  acid 18.73 

Alumina 12.15 

Oxide  of  iron 2.11 

Lime 0.27 

Magnesia 0.29 

Potassa 0.86 

Soda 1.41 

^  Water  of  combination 6.15 


Soluble  in  acids,  41.97 


100.00 

ay,  and  soils  in  general  from  the  clay  which  they  contain,  possess  a  remarkable 
r  of  separating  salts  of  ammonia  and  potassa  from  their  solutions,  and  retaining 

base?,  first  observed  with  reference  to  ammonia  by  Mr.  II.  0.  Thomson,  and 

ably  investigated  by  Professor  Way.  A  light  soil  digested  with  a  weak  solu- 
of  caustic  ammonia  for  two  hours,  withdrew  0.3438  per  cent,  of  its  weight  of 
base,  and  0.3478  per  cent,  of  ammonia  from  a  solution  of  the  hydrochlorate  of 
onia,  the  latter  salt  being  decomposed,  and  chloride  of  calcium  found  in  solu- 

The  sulphate  of  ammonia  was  decomposed  by  the  same  soil  and  by  the  clay 
3  described,  in  a  similar  manner,  sulphate  of  lime  appearing  in  solution.  Hence, 
I  putrid  urine  and  other  soluble  manures  are  filtered  through  clay  or  soil,  the 
onia  is  entirely  retained,  while  the  water  drains  away  containing  only  earthy 
This  absorptive  power  of  clay  is  not  destroyed  by  boiling  the  clay  with  an 
Dor  by  drying  it  between  150°  and  200° ;  but  the  property  is  nearly  lost  io 
»ughly  bunit  clay.  The  lime  present  in  clay,  which  appears  to  be  necessary  to 
iction,  is  not  entirely  withdrawn  by  boiling  with  an  acid,  as  will  be  observed  in 
^receding  analysis  of  clay.  From  the  hydrochlorate  of  ammonia  0.2010  per 
of  ammonia  was  withdrawn  by  the  white  clay,  and  0.43G6  per  cent,  of  potassa, 

the  nitrrite  of  potassa,  by  the  same  clay.  The  only  solutions  of  lime  which 
under  the  influence  of  this  absorbing  power  of  clay  and  soils  were  those  of 
ite  of  lime,  and  of  carlxmate  of  lime  in  carbonic  acid  water.  Mr.  Way  doea 
►repose  any  rationale  of  this  remarkable  action  of  clay,  but  excludes  the  suppo- 
i  of  its  being  due  to  free  alumina  and  silicic  acid  (Journal  of  the  Royal  Agri- 
ral  Society  of  England,  xi.  313,  1850). 

subsilicate  of  alumina  exists,  forming  a  very  hard  crystallized  mineral,  disihene 
anitCy  of  which  the  formula  is  2Al203.Si03. 

>uble  silicates  of  alumina  and  pota.ssa  are  extensively  diffused  in  the  mineral 
lom,  forming  a  very  considerable  portion  of  the  solid  crust  of  the  globe.  .The 
osaal  of  these  dcmble  salts  arc  the  following : 

Hash'Felspary  which  is  crystallized  in  oblique  rhomboidal  prisms,  of  density 
is  coDiposed  of  single  equivalents  of  the  neutral  silicates  of  potassa  and  alumina. 
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Its  fonnula  is  therefore  analogous  to  that  of  anhydrous  alum,  silicon  being  snhs»* 
tutcd  for  sulphur;  KO.SiOa-hAljOs.SSiOs.  It  is  one  of  the  tiiree  principal  con^ti- 
tucnts  of  granite  and  gneiss.  This  species  of  felspar  is  named  orikost.  Other 
varieties  of  felspar  are  albitCf  or  sodorfclspar,  containing  silicate  of  soda,  NaO.SiOj, 
in  the  place  of  silicate  of  potassa;  lithia-fulspar  (petalitej  triphane),  LiOSiOai- 
AliOa-SSiOj;  and  lime-felspar  (labradorite,  anorihile),  CuO-SiOa-i-  AlA-SSiO,. 
The  alkaline  base  of  felspars  is  often  partially  replaced  by  lime  and  magnesia,  and 
the  most  general  formula  for  a  felspar  would  be  — 

SiOrl-iVlA.3SiO,. 


^mphiffcn  or  hucite  occurs  principally  in  the  lava  of  Vesuvius  in  a  crystallized 
state.  The  relation  between  the  potassa  and  alumina  is  the  same  as  in  ortho:se,  bat 
it  contains  one-third  less  silicic  acid.  Hence  the  formula  3 K0.2Si03+3(AlAV 
28103).  A  i^imilar  combination  is  obtained  by  precipitating  a  saturated  solution  d 
alumina  in  potasaa,  by  a  sohition  of  silicate  of  potassa  (Berzclius). 

'When  a  mixture  of  silicic  acid  and  alumina  is  fused  with  an  excess  of  potassa, 
and  the  fused  mass  washed  with  water,  to  withdraw  everything  soluble,  a  powder 
remains  in  which  the  potassa  and  alumina  are  btill  in  the  ratio  of  single  e(|uivaleni<f 
but  in  which  the  oxygen  of  the  bilicic  acid  is  equal  to  that  of  the  bases.  This  double 
salt  has  c^msequcntly  the  formula,  SKO.SiOa-J-SAlaOs.SSiOa. 

Analcinic  is  the  soda  silicate  proportional  to  amphigcu.  It  is  crystallized  like 
amphigen,  but  contains  6  eq.  of  water.  Its  formula  is  3NaO.2Si0s  +  3(Al/)r 
2Si03)  +  CI10. 

A  third  compound  may  be  prepared,  corresponding  with  the  artificial  potaso- 
compound  above.  It  occurs  also  in  hexagonal  prisms  in  the  lava  of  Ve<u\iu^ 
forming  the  minenil  ncphelin. 

Garnet  is  a  double  basic  silicate  of  lime  and  alumina,  of  which  the  formula  ii 
SCaOa.SiOa+AlA-SiO,. 

The  silicates  of  lime  and  of  alumina  combine  in  many  difTerent  proportions, 
forming  a  great  variety  of  minerals.  Most  of  them  contain  water,  in  consequence 
of  which  they  froth  when  heated  before  the  blow-pipe,  and  hence  are  called  ztoliUk 
One  of  these,  named  stilbite,  from  its  shining  lustre,  corresponds  in  compositloB 
with  felspar,  but  contains  in  addition  G  eq.  of  water:  its  formula  is 

CaO.SiOi-f  Al  A.3Si03+  GIIO. 

A  small  portion  of  one  or  other  of  the  alkalies  is  often  found  in  these  minerals,  be- 
sides small  quantities  of  protoxide  of  iron  and  other  magnesian  oxides,  replacing,  it 
may  be  presumed,  the  lime  in  part.  This  extensive  class  of  minerals  has  been  vefj 
fully  studied  by  Dr.  Thomson,  who  has  added  considerably  to  their  number.— 
(Outlines  of  Mineralogy  and  Geology,  vol.  i.) 

EARTHENWARE   AND   PORCELArX. 

The  silicate  of  alumina  is  the  basis  of  all  the  varieties  of  pottery.  When  mo* 
tened  with  water,  clay  possesses  a  high  degree  of  plasticity,  and  can  be  extended 
into  the  thinnest  plat^^"?,  fashioned  into  form  by  the  hand,  by  pressure  in  moulds  *» 
when  dried  to  a  certain  point,  be  modelled  on  the  turning  lathe.  It  loses  its  wattf 
also  in  drying,  without  cracking,  provided  it  is  allowed  to  contract  equally  in  aU 
directions,  and  acquires  greater  solidity.  When  heated  more  strongly  in  tlie'potier'i 
kiln,  iu  which  it  is  not  fused  nor  its  particles  agglutinated  by  partial  fu.*iou,  it  bf 
comes  a  strong  solid  mass,  which  adheres  to  the  tongue  and  absorbs  water  xriti 
avidity.  To  render  it  impermeable  to  that  liquid,  it  is  covered  with  a  vitieoos 
matter,  which  is  fused  at  a  high  temperature,  and  forms  an  insoluble  glaze  OTTftrniik 
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upon  its  surface.  But  the  interior  mass  of  ordiDary  pottery  has  always  an  earthy 
iracture,  and  presents  do  visible  trace  of  fusion. 

When  an  addition  is  made  to  the  clay,  of  some  compound,  which  softens  or  fuses 
at  the  temperature  at  which  the  earthenware  is  fired,  such  as  felspar  in  powder,  then 
the  clay  is  agglutinated  by  the  fusible  ingredient,  and  the  mass  is  rendered  semi- 
transparent,  in  the  same  manner  as  paper  that  has  imbibed  melted  wax  remains 
translucent  after  the  latter  has  fixed.  The  accidental  presence  of  lime,  potassa, 
protoxide  of  iron,  or  any  similar  base  in  the  clay,  may  produce  the  same  effect  by 
forming  a  fusible  silicate  diffused  through  the  day  in  excess.  Such  is  the  constitu- 
tion of  porcelain,  and  of  brown  salt-glaze  ware  of  which  stoneware  bottles  are  made, 
which  is  indeed  a  sort  of  porcelain.  When  these  kinds  of  ware  are  covered  by  a 
fusible  material,  similar  to  that  which  has  entered  into  the  composfition  of  their  body, 
and  a  second  time  fired,  they  acquire  a  vitreous  coating.  Their  fracture  is  vitreous 
and  not  cartliy,  the  broken  surface  does  not  adhere  to  the  tongue,  and  the  mass  has 
much  greater  solidity  and  strength  than  the  former  kinds  of  earthenware.  In  com- 
hiniDg  the  ingredients  of  porcelain,  an  excess  of  the  fusible  material  is  to  be  avoided, 
as  it  may  cause  the  vessels  to  soften  so  much  in  the  kiln  as  to  lose  their  shape,  or 
even  to  run  down  into  a  glass;  while  on  the  other  hand  if  the  vitrifiable  constituent 
is  in  too  small  a  proportion,  the  heat  of  the  furnace  may  be  inadequate  to  soften  the 
SULSS,  and  to  agglutinate  it  completely. 

Felspar  mixed  with  a  little  clay  is  used  as  the  glaze  for  the  celebrated  porcelain 
of  Lcvres.  Elsewhere  a  mixture  of  sulphate  of  lime,  ground  j)orcolain  and  flint,  is 
8ometinu>s  used  as  a  glaze.  In  painting  porcelain,  the  same  metallic  oxides  are  em- 
ployed as  in  staining  glass.  They  are  combined  with  a  vitrifiable  material,  generally 
made  thin  with  oil  of  turpentine,  and  applied  to  the  pottery,  sometimes  under  and 
Bometinus  above  the  glaze.  To  fuse  the  latter  colours,  the  porcelain  nmst  be  exposed 
a  thinl  time  to  heat,  in  the  enamel  furnace. 

Stonncare.  —  The  principal  varieties  of  clay  used  here,  according  to  Mr.  Brande, 
are  the  following:  —  1.  Marly  clay,  which,  with  silicic  acid  and  alumina,  contains 
a  portion  of  carbonate  of  lime :  it  is  much  used  in  making  pale  bricks,  and  as  a 
manure,  and  when  highly  heated  enters  into  fusion.  2.  Pipe-clay,  which  b  very 
pla.<tic  and  tenacious,  and  requires  a  higher  temperature  than  the  preceding  for 
fiision  :  when  burned  it  is  of  a  cream  colour,  and  is  used  for  tobacco-pipes  and  white 

Sottery.  3.  Potters*  clay  is  of  a  reddish  or  grey  colour,  and  becomes  red  when 
eated ;  it  fuses  at  a  bright-red  heat ;  mixed  with  sand  it  is  manufactured  into  red 
hricks  and  tiles,  and  is  also  used  for  coarse  pottery  (Manual  of  Chemistry,  p.  1131). 
The  glaze  is  applied  to  articles  of  ordinary  pottery  after  they  are  fired,  and  in  the 
condition  of  biscuit-ware.  They  are  dipped  into  a  mixture  of  about  i\0  parts  of  red 
lead,  10  of  clay,  and  20  of  ground  flint  diffused  in  water  to  a  creamy  consistence, 
and  when  taken  out  enough  adheres  to  the  piece  to  give  a  uniform  glazing  when 
again  heated.  To  cover  the  red  colour  which  iron  gives  to  the  common  clays  when' 
burnt,  the  b>Kly  of  the  ware  is  sometimes  coloured  uniformly  of  a  dull  green,  by  an 
admixture  of  oxide  of  chromium,  or  made  black  by  oxides  of  manganese  and  iron  3 
or  oxide  of  tin  is  added  to  the  materials  of  the  glaze,  to  render  it  white  and  opaque. 
The  patterns  on  ordinary  earthenware  are  generally  first  printed  upon  tissue-paper, 
in  an  oily  composition,  from  an  engraved  plate  of  copper,  and  afterwards  transferred 
by  applying  the  paper  to  the  surface  of  the  biscuit  ware,  to  which  the  colour  adheres. 
The  paper  is  afterwards  removed  by  a  wet  s]>onge.  The  fusion  of  the  colouring 
matters  takes  place  with  that  of  the  glaze,  which  is  subsequently  applied,  in  the 
second  firing.  The  prevailing  colours  of  these  patterns  are  blue  from  oxide  of  col)alt, 
green  from  oxide  of  chromium,  and  pink  from  that  compound  of  oxide  of  tin,  limoj 
and  a  small  quantity  of  oxide  of  chromium,  known  as  pink  colour. 
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SECTION  II. 

OLUCINUM,  YTTRIUM^  xnORICM^  ZIRZONIUM- 

GLUCINUM. 
Eg,  6.97  or  87.06;  Gl. 

Syn.  Beryllium.  —  The  compounds  of  this  metal  have  a  considorable  analogr  to 
those  of  aluminum.  Glucinum  is  obtained  from  its  chloride^  Tchieh  is  dccoicpceed 
by  potassium  in  the  same  manner  as  the  chloride  of  aluminum.  This  metal  is  fuaibie 
\ritli  great  difficulty,  not  oxidablc  by  air  or  water  at  the  usual  temperature,  bat  I 
takes  fire,  in  oxygen,  at  a  red-heat,  and  bums  with  a  vivid  light.  It  derived  iii 
name  from  y^vxv^,  sweet,  in  allusion  to  the  sweet  taste  of  the  salts  of  its  osid^ 
glucina. 

Glucina,  Bcryllia ;  GljOa  is  a  comparatively  rare  earth,  but  contained  to  thi 
extent  of  13}  per  cent,  in  the  emerald  and  ber}'I,  of  which  spocimcns  that  ire  Mt 
transparent  and  well  crystallized  can  be  procured  in  considerable  quantity.  T# 
deeomposo  this  mineral,  which  is  a  silicate  of  glucina  and  alumina,  it  must  le 
reduced  to  an  extremely  fine  powder,  the  grosser  particles  which  f:ill  first  when  the 
powder  is  suspended  in  water,  being  submitted  again  to  pulverization,  and  the  pov* 
der  calcined  with  3  times  its  weight  of  hydrate  of  potassa.  The  calcined  mas  ii 
moistened  with  water,  and  then  treated  with  hydrochloric  acid,  added  in  small  po^ 
tions  till  it  is  in  excess.  The  potassa,  alumina,  and  glucina,  arc  thus  converted  isii 
chlorides,  and  dissolved.  The  solution  is  evaporated  to  (lr3''DCss  on  a  water-fcatk| 
and  the  residue  acidulated  by  a  few  drops  of  hydrochloric  acid  :  the  silicic  tol 
remains  undissolved.  On  adding  afterwards  carbonate  of  amiuonia  in  considenUi 
excess  to  the  filtered  lifiuid,  the  alumina  is  precipitated  together  with  the  limo  aol 
oxides  of  iron  and  chromium  which  are  usually  present,  while  the  glucina  akne 
remains  in  solution.  The  liquor  is  filtered,  and  the  carbonate  of  ammonia  besBg 
then  expelled  from  it  by  ebullition,  carbonate  of  glucina  precipitates.  The  eaitkj 
carbonate  is  ignited,  and  leaves  glucina  in  the  state  of  a  white  and  light  povder, 
tasteless,  infusible  by  heat,  insoluble  in  water  and  caustic  ammonia,  butsolableii 
caustic  potassa  and  soda.  Its  density  is  nearly  3.  It  is  distinguished  from  Jb« 
mina,  which  it  greatly  resembles,  by  absorbing  carbonic  acid  from  the  air,  tad 
readily  forming  a  carbonate ;  and  most  remarkably  by  being  soluble,  when  fi«Uj 
precipitated,  in  a  cold  solution  of  carbonate  of  ammonia.  It  is  capable  of  dc-Ma- 
posing  the  salts  of  ammonia  in  a  hot  solution,  and  replaces  that  base.  The  saltjrf 
glucina  do  not  form  an  alum  when  treated  with  sulphate  of  potassa ;  nor  do  tluj 
become  blue,  like  the  salts  of  alumina,  when  heated  before  the  blow-pipe  with  nitzM 
of  cobalt. 

Glucina  combines  with  sulphuric  acid  in  several  proportions,  forniing  a  bisnlphsfc^ 
GlA.OSOa,  which  is  crystallizable ;  a  neutral  sulphate,  GIM.SSO. -f-liflft 
which  forms  fine  crystals;  a  soluble  subsalt,  Gla03.2S03,  and  an  insoluble  suboltj 
GlaO^-SO,. 

Emerald  or  beryl  is  a  double  silicate  of  glucina  and  alumina,  of  the  compostMi 
expressed  by  GlaOa.SiOs-'-AlaOa.SiOa;  but  contains  besides,  lime  and  some  chifr 
miuni  and  iron.  This  mineral  crystallizes  in  six-sided  prisms,  which  are  vcir  biA 
When  coloured  green  by  oxide  of  chromium  it  forms  the  true  emerald,  andwfcti 
colourless  and  transi)arcnt  aqua  marina,  which  are  both  ranked  among  the  predooi 
etones.     The  density  of  the  emerald  is  2.58  to  2.732. 

Euclase  is  also  a  silicate  of  glucina  and  alumina.  It  is  a  yery  rare  mina4 
which  crystallizes  in  limpid,  greenish  prisms. 

Chrysobcryly  one  of  the  finest  of  the  gems,  consists  essentially  of  1  equiTiW 
of  glucina  combined  with  6  equivalents  of  alumina,  GlgOs,  GAljO,. 

It  is  very  doubtful  whether  glucina  is  a  sesquioxide,  GI2O3;  analogous  in  oonp^ 
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lunrina.  It  is  indeed  quite  as  probable  that  glucina  is  a  protoxide,  GIO, 
to  magnesia.  The  cr|uivalent  of  glucinum  would  then  be  reduced  to  4.G4 
Irogeu-8cale^  and  58.04  on  the  oxygen-scale. 

[See  Supplement f  p.  821.] 


YTTRIUM,   ERBIUM,   AND   TERBIUM. 

Eq,  32.20  or  402.5 ;  Y. 

th  yttria  was  discovered  in  1794,  by  Gadolin,  in  a  mineral  from  Ytterby 
,  which  is  now  called  gadolinite.  It  has  sinc«  been  found  in  several  other 
but  all  of  which  are  exceetlingly  rare.  The  metal  was  isolated  from  its 
y  Wuhlcr,  precisely  in  the  same  manner  as  the  two  preceding  metals.  It 
*ker  colour  than  these  metals,  and  in  oxidability  resembles  glucinum. 
is  considered  a  protoxide,  YO.  Its  density  is  even  greater  than  baryta, 
[2.  It  is  absolutely  insoluble  in  the  caustic  alkalies,  is  precipitated  by 
tssiate  of  potassa,  and  it^  sulphate  and  some  others  of  its  salts  have  an 
le  tint,  properties  which  distinguish  it  from  the  preceding  earths.  Tho 
yttria  is  colourless  and  crystal lizable.  The  chloride  of  yttrium  is  deli- 
and  does  not  appear  to  be  volatile. 

b  has  hitherto  been  distinguished  as  yttria  two  new  bases  have  lately  been 
by  M.  Mosander,  which  have  been  named  erhia  and  terbia.     These 
less  soluble  in  dilute  sulphuric  acid  than  yttria,  and  are  thereby  separated 
earth.     From  a  solution  in  nitric  acid  of  the  two  new  earths,  oxide  of 
precipitated  by  saturating  the  liquid  with  sulphate  of  potassa,  in  the  form 
ngly  soluble  double  siilt,  while  the  oxide  of  terbium  remains  in  solution, 
besc  bases  may  then  be  precipitated  singly  by  means  of  potassa. 
phate  and  nitrate  of  terbia  readily  crystallize ;  the  former  salt  is  cfflores- 
i  salts  of  terbia  are  apt  on  dessiccation  to  assume  a  red  amethystine  tint. 
Bsumes  a  deep-yellow  tint  when  made  anhydrous,  which  appears  to  be  due 
m,  as  the  earth  ]>ecomes  colourless  in  a  stream  of  hydrogen.  The  sulphate 
rhich  is  crystallizable  and  colourless,  does  not  effloresce  in  air,  like  tho 
f  terbia. 


TnORIUM,   OR  TnORINUM. 

Eg.  59.59  (w  744.9;  Th. 

.'ment  was  discovered  by  Berzelius,  in  1824,  in  a  black  mineral,  like  obsi- 
!  called  thorite^  from  the  coast  of  the  North  Sea.  This  mineral  contains 
it.  of  the  thorina.  This  element  has  been  named  from  the  Scandinavian 
r.  The  metal  was  obtained  from  the  chloride,  and  exhibited  a  general 
cc  to  aluminum.  Like  yttrium,  it  bums  in  oxygen  with  a  degree  of  bril- 
ch  is  quite  extraordinary :  the  resulting  oxide  does  not  exhibit  the  slightest 
ision. 

a  is  considered  a  protoxide,  ThO.  Its  density  is  9.402,  and  therefore 
\  that  of  all  other  earths.  Thorina  forms  a  hydrate,  ThO. HO,  which  is 
alkaline  carbonates  and  in  all  the  acids.  It  resembles  yttria  in  being 
n  the  caustic  alkalies,  but  differs  from  that  earth  in  the  peculiar  property 
)hate,  to  be  precipitated  by  ebullition,  and  to  redissolvc  entirely,  although 
nanner,  in  cold  water.  Its  sulphate  al:^o  forms  a  double  salt  with  sulphate 
,  which  dissolves  in  water,  but  is  insoluble  in  a  liquid  saturated  with  sul- 
Dtasso.  The  solutions  of  thorina  arc  precipitated  white  by  the  ferrocyanide 
im,  a  property  by  which  thorina  is  dibtiuguishcd  from  zirconia.  Thorina 
cipitated  from  solutions  to  which  an  excess  of  acid  has  been  added,  ou 
introdocing  sufficient  ammonia,  by  which  it  is  distingoished  from  magnesia. 
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ZIRCONIUM. 

Egr.  83.62  or  420.2;  Zr. 

ZircoDium  is  obtained  by  beating  the  double  fluoride  of  zirconium  and  potassiam, 
with  potassium,  in  a  glass  or  iron  tube.  On  throwing  the  cooled  mass  into  watfr, 
the  zirconium  remains  in  the  form  of  a  black  powder,  very  like  charcoal.  It  con- 
tains an  admixture  of  hydrate  of  zirconia,  which  may  be  withdrawn  from  it  by  diges- 
tion in  hydrochloric  acid,  at  104°  (40®  C.)  The  zirconium  is  afterwards  washed 
with  sal-ammoniac  to  remove  completely  chloride  of  zirconium,  and  then  with  alcohol 
to  withdraw  the  sal-ammoniac.  If  washed  with  pure  water,  it  is  apt  to  pass  through 
the  filter.  After  being  thus  treated,  the  powder  assumes,  under  the  burnisher,  the 
lustre  of  iron,  and  is  compressed  into  scales  which  resemble  graphite.  AYhen 
heated  in  air  it  takes  fire  below  redness.  It  is  very  slightly  attacked  by  cither 
alkalies  or  acids,  with  the  exception  of  hydrofluoric  acid,  which  dissolves  zircooiam 
with  evolution  of  hydrogen. 

The  constitution  of  zirconia  is  not  certainly  Jrnown,  but  it  is  believed  to  be  in^ 
logous  to  that  of  alumina,  Zr^Oa.  It  was  first  recognized  as  a  peculiar  earth  by 
Kluproth  in  1789,  who  discovered  it  in  the  zircon  of  Ceylon,  a  silicate  of  ziroonii; 
which  is  also  found  in  the  syenitic  mountains  of  the  south-east  side  of  Nonraj. 
The  hyacinth  is  the  same  mineral,  of  a  red-colour ;  it  is  found  in  volcanic  s:uid  at 
Expailly  in  France,  in  Ceylon,  and  some  other  localities.  The  earth  is  obtaiaed 
from  this  mineral,  which  is  more  difficult  of  decomposition  than  most  others,  hj 
processes  for  which  I  must  refer  to  Berzelius.' 

Zirconia  is  a  white  earth,  like  alumina  in  appearance,  of  density  4.3.  Its  hydntey 
after  being  boiled,  is  soluble  with  difficulty  in  acids.  When  heated,  it  parts  with  iti 
water,  afterwards  glows  strongly,  from  a  discharge  of  heat,  becomes  denser,  and  lefl 
susceptible  of  being  acted  on  by  reagents.  Zirconia  forms  a  carbonate.  When  ones 
separated  from  its  combinations,  it  is  insoluble  in  carbonate  of  potassa  or  soda,  but 
dissolves  in  them  in  the  nascent  state.  The  salts  of  zirconia  have  a  purely  astiiii* 
gent  taste.  It  agrees  with  thorina  in  being  precipitated,  when  any  of  its  neatnl 
salts  are  boiled  with  a  solution  of  sulphate  of  potassa.  The  chloride  of  zircoDioBii 
volatile,  but  less  so  than  the  chloride  of  silicium;  a  property  which  has  been  tikci 
advantage  of  by  31.  Wbhlcr  in  preparing  zirconia. 

1  Traits  de  Chimie,  ii.  171.     PariB,  1846. 
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ORDER  IV. 

HETALS   PROPER  HAVINO  PROTOXIDES   ISOMORPnOUS   WITH   MAGNESIA. 

SECTION  I. 

MANGANESE. 

Eq,  27-G7  or  315-9  3  Mn. 

Tuis  clement  is  found  in  the  ashes  of  plants,  in  the  bones  of  animals,  and  in 
many  minerals,  of  which  that  employed  in  the  preparation  of  oxygen  is  one  of  the 
richest.  The  black  oxide  of  manjrancse  was  long  known  as  matjnesia  nit/ra,  from 
a  fancied  relation  to  magnesia  alba;  but  was  first  thoroughly  studied  by  Schcelc, 
in  1774,  and  immediately  afterwards  by  Gahn,  who  obtained  from  it  the  metal 
now  called  manganese. 

Fron)  its  strong  affinity  for  oxygen,  and  the  very  high  temperature  which  it 
requires  for  fusion,  manganese  is  one  of  the  most  difficult  of  all  the  metals  proper^ 
to  reduce  and  fuse  into  a  button.  Hydrogen  and  charcoal,  at  a  red  heat,  reduce 
the  superior  oxides  of  this  metal  to  the  state  of  protoxide,  without  eliminating  tho 
pure  niotal  at  that  temperature ;  but  at  a  white  heat,  charcoal  deprives  the  metal 
of  the  whole  of  its  oxygen.  The  following  process  is  recommended  by  M.  John 
for  the  reduction  of  manganese  :  it  illustrates  the  chief  points  to  be  attended  to  in 
the  reduction  of  the  less  tractable  metals.  Instead  of  a  native  oxide,  an  artificial 
oxide  of  manganese,  obtained  by  calcining  the  carbonate  in  a  well-closed  vessel,  is 
operated  upon.  This  oxide,  which  is  preferred  from  being  in  a  high  state  of  divi- 
■ion,  is  mixed  with  oil  and  ignited  in  a  covered  crucible,  so  as  to  convert  the  oil 
into  charcoal.  After  several  repetitious  of  this  treatment,  the  carbonaceous  mass 
b  reduced  to  powder,  and  made  into  a  firm  paste  by  kneading  it  with  a  little  oil. 
Finally,  this  paste  is  introduced  into  a  crucible  lined  with  charcoal  (crcuset 
brasquu),  the  unoccupied  portion  of  which  is  filled  up  with  charcoal  powder.  The 
crucible  is  first  heated  merely  to  redness  for  half  an  hour,  to  dry  the  mass  and 
decompose  the  oil ;  after  which  its  cover  is  carefully  luted  down,  and  it  is  exposed 
for  an  hour  and  a  half  to  the  most  violent  heat  of  a  wind-furnace  that  the  crucible 
it«clf  can  support  without  undergoing  fusion.  The  metal  is  obtained  in  the  form 
of  a  semi-glubular  mass  or  button  in  the  lower  part  of  the  cruci\)lc,  but  not  quite 
pure,  as  it  contains  traces  of  carbon  and  silicon  derived  from  the  ashes  of  the  char- 
coal. By  igniting  the  metal  a  second  time  in  a  charcoal  crucible,  with  a  portion 
of  borax,  John  obtained  it  more  fusible  and  brilliant,  and  so  free  from  oharcoalj 
that  it  left  no  black  powder  when  dissolved  in  an  acid. 

Manganese  is  a  greyish  white  metal,  having  the  appearance  of  hard  cast  iron. 
Its  density,  according  to  John,  is  8  013 ;  while  M.  Berthier  finds  it  to  be  7*05, 
•nd  Bergman n  made  it  6-850:  according  to  Hjclm,  it  is  7*0.  From  its  close  re- 
semblance to  iron,  manganese  may  be  c«xpected  to  be  susceptible  of  magnetism; 
but  its  magnetic  powers  are  doubtful.  Tdclct  has  endeavoured  to  show  that  man- 
pcese  can  assume  and  preserve  magnetic  polarity  from  the  temperature  —  4^  up 
to  70^,  but  loses  it  again  at  higher  temperatures.  The  small  difference  between 
the  atomic  weights  of  iron,  manganese,  cobalt,  and  nickel,  which  are  respectively 
S8y  27*67,  29-52,  and  20*57,  is  remarkable,  attended  as  it  is  by  a  great  analogy 
Wtwecn  these  metals  in  many  other  respects. 

Manganese  oxidates  readily  in  air,  soon  falling  down  as  a  black  powder;  in 
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water  it  occasions  a  disengagement  of  hydrogen  gas.  It  is  best  preserved  i& 
Daphtha,  like  potassium,  or  over  mercury.  Manganese  exhibits  fire  degrees  of 
oxidation^  with  two  intermediate  or  compound  oxides. 


OXIDES   OF   MANGANESE. 

Protoxide  or  manganous  oxide MnO. 

Scsquioxide  or  manganic  oxide 3In20s. 

Bioxide  or  Peroxide  MnOj. 

]Manganoso-mauganic  oxide  or  red  oxide  Mn304,  or  MnO  +  Mn,0j. 

Varvicite Mn/^T,  or  MniO,-f2MaO|. 

Manganic  acid  ^InOj. 

Permanganic  acid MujO?. 

Protoxide  of  manganese :  Mantjanou&  oxide;  MnO,  35G7  or  4-45-9. — This  is 
the  oxide  existing  in  the  ordinary  salts  of  manganese,  which  arc  isomorphous  with 
the  palts  of  magnesia.  It  may  be  obtained  by  fusing  at  a  red  Iieat  in  a  piatinuin 
crucible,  a  mixture  of  equal  parts  of  pure  chloride  of  manganese  and  carlhiDaic  of 
soda,  with  a  small  quantity  of  sal  ammoniac.  By  the  reaction  between  the  firs^ 
mentioned  salts,  chloride  of  sodium  is  produced,  together  with  tlic  carbonate  of 
manganese,  which  is  decomposed  at  a  red  heat,  leaving  the  protoxide  of  that 
metal.  The  hydrogen  of  the  sal-ammoniac  at  the  same  time  reduces  to  the  stiie 
of  protoxide  any  bioxide  which  may  be  formed  by  absorption  of  oxygen  frora  the 
air.  Any  one  of  the  superior  oxides  of  manganese,  in  the  state  of  fine  ptjwJiT, 
may  be  converted  into  protoxide  by  passing  hydrogen  gas  over  it,  in  a  porcoiiio 
tube  at  a  red  heat :  the  bioxide  obtained  by  igniting  the  nitrate  of  the  protoiide 
of  manganese  was  recommended  by  Dr.  Turner  as  the  most  easily  deoxidated.  • 

Protoxide  of  manganese  is  a  powder  of  a  greyish  green  colour,  more  or  less  deep. 
"When  obtained  by  means  of  hydrogen  at  a  low  temperature,  it  absorbs  oxygon  from 
the  air,  soon  becoming  brown  throughout  its  whole  mass,  and  is,  indeed,  sometimes 
a  pyrophorus ;  but  when  prepared  by  hydrogen  at  a  high  temperature,  it  ac<iui«9 
more  cohesion,  and  is  permanent. 

Protoxide  of  manganese  dissolves  readily  in  acids,  and  is  a  strong  base.  lb 
salts  arc  of  a  pale  rose  tint,  which  is  not  destroyed  by  sulphurous  or  hydrosulphniic 
acid,  and  must  be  considered  as  a  peculiar  character  of  manganous  salts.  When 
the  solution  is  colourless,  as  it  sometimes  is,  the  fact  is  explained,  aecordiofrto 
M.  Gorgeu,  by  the  presence  of  a  salt  of  iron,  nickel,  or  copper;  the  green  or  bine 
tint  of  the  latter  motals  producing  white  or  a  scarcely  perceptible  violet  shade 
when  combined  with  the  rose  tint  of  a  salt  of  manganese.  Cauttic  afA'uli<!s  added 
to  solutions  of  manganous  salts  throw  down  the  protoxide  of  manganese  iu  the 
form  of  a  white  hydrate,  which  soon  absorbs  oxygen  from  the  air  and  becomes 
brown ;  when  collected  on  a  filter  and  washed,  it  ultimately  changes  into  a  blackish 
brown  powder,  which  is  the  hydrate  of  the  sesquioxide.  A  similar  change  is  in- 
stantaneously produced  by  the  action  of  chlorine-water  upon  the  white  hydrate,  of 
by  the  addition  of  chloride  of  lime  to  a  salt  of  the  protoxide  of  uiang:inese;  hot 
then  the  hydratod  bioxide  is  formed.  Protoxide  of  manganese  resembles  magnesia 
and  protoxide  of  iron,  in  being  but  partially  precipitated  by  ammonia.  The  u/itf- 
line  monorarhonatta  precipitate  white  carbonate  of  manganese,  which  docs  not  tun 
brown  in  the  air,  and  dissolves  sparingly  in  a  cold  solution  of  sal-ammoniit 
liicarhonatii  of  jujtash  precipitates  a  strong  solution  immediately,  and  renders  i 
dilute  solution  slightly  turbid;  but  if  the  solution  contains  a  free  acid,  so  that  aa 
excess  of  carbonic  acid  is  set  free,  no  precipitate  is  formed.  The  earthy  carbon- 
ates do  not  precipitate  manganous  salts.  JJi/drosulpJturic  avid  forms  no  precipi- 
tate in  neutral  solutions  of  manganous  salts  containing  any  of  the  stronger  acids^ 
In  a  neutral  solution  of  the  acetate,  a  flesh-coloured  precipitate  is  formed  afw 
some  time;  but  not  if  tho  solution  contains  free  acetic  acid.     Sulphide  ofamm- 
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nittm  forms  in  neutral  solutions  of  manpranous  salts  a  flesh-coloured  precipitate  of 
hydratcJ  sulphide  of  inangancsc,  insoluble  in  excess  of  sulphide  of  aiuniouium,  but 
readily  soluble  in  acids.  When  exposed  to  the  air,  it  turns  brown  on  the  surface, 
from  oxidation.  The  least  trace  of  iron  or  cobalt  colours  it  black.  Fcrroci/anide 
o/j>ofri.<.<iinn  forms  in  neutral  solutions  of  manganous  salts  a  white  precipitate, 
liavin«r  a  tinire  of  red,  and  soluble  in  free  acids.  Ferrici/anidc  of  2'>otamum  forms 
a  ^eddi^Jh  precipitate,  which  is  insoluble  in  acids.  Manganous  salts,  and  indeed 
all  eompcMinds  of  manganese,  heated  with  Lorax  or  j^hosphonis-salt  in  the  outer 
blowpipe  flame,  form  an  amethyst-coloured  bead  containing  manganoso-manganic 
oxide,  which  becomes  colourless  in  the  inner  flame  by  reduction  of  that  oxide  to 
the  protoxide.  This  character  distinguishes  manganese  from  all  other  metals. 
The  minutest  trace  of  manganese  is  discovered  by  heating  the  solution  with  a  little 
hioxiJt'  of  I r ad  and  nitric  acid^  when  a  red  tint  appears  due  to  the  formation  of 
pfrmanjraTiic  acid  (W.  Crum).  An  equally  delicate  reaction  is  obtained  in  the 
dry  way  by  heating  the  substance  supposed  to  contain  manganese  with  carbonate 
of  S'jda  on  platinum  foil  in  the  outer  blowpipe  flame.  The  smallest  trace  of  man- 
ganese is  indicated  by  the  formation  of  green  manganate  of  soda.  The  delicacy 
of  the  reaction  may  be  increased  by  adding  a  little  nitre  to  the  carbonate  of  soda. 

ProtoauJphidr  of  mavrjancsc  may  be  procured  in  the  dry  way,  by  heating  a 
mixture  of  bioxide  of  manganese  and  sulphur.  Sulphurous  acid  is  disengaged, 
and  a  green  powder  remains,  which  dissolves  in  acids  with  disengagement  of  hy- 
drasulplmric  acid.  The  same  compound  is  obtained  in  the  humid  way,  when 
acetate  ut  manganese  is  decomposed  by  hydrosulphuric  acid,  or  any  manganous 
salt  precipit^ited  by  an  alkaline  sulphide.  Protosulphate  of  manganese,  decom- 
posed by  hydrogen  at  a  red  heat,  yields  an  oxisulphide.  A  crystalline  sulphide  is 
obtained  by  passing  the  vapour  of  bisulphide  of  carbon  over  hydrated  manganic 
oxide  ignited  in  a  porcelain  tube :  the  crystals  are  iron-black  rhombic  prisms, 
having  a  tinge  of  green,  and  yielding  a  dingy  green  powder  (Volkcr). 

Phn.<idiidt:  of  7tHi)ifj(uirse  is  obtained  by  exposing  an  intimate  mixture  of  10 
part.s  of  pure  ignited  bioxide  of  manganese,  10  parts  of  white  burnt-bones,  5 
parts  of  white  (juartz-sand,  nnd  3  parts  of  ignited  lamp-black  for  an  hour  in  a 
closetl  Hessian  crucible  to  a  heat  sufficient  to  melt  cast-iron, — or  by  strongly  igni- 
ting 10  i»arts  of  iirnited  phosphate  of  manganese,  3  parts  of  ignited  lamp-black, 
and  2  parts  of  calcined  borax  in  a  crucible  lined  with  charcoal.  The  product  is 
a  very  brittle,  crystalline  regulus  of  the  colour  of  grey  cast-iron,  and  of  specific 
gnivity  oOi')!.  It  is  permanent  in  the  air,  glows  when  heated  in  contact  with  air, 
and  burns  with  an  intense  light  when  heated  with  nitre.  It  appears  to  contain 
Mn^P,  and  is  probably  a  mixture  of  MnjP  and  Mn^P,  the  latter  of  which  com- 
pounds is  left  behind  when  the  substance  is  treated  with  hydrochloric  acid,  while 
the  former  dissolves,  with  evolution  of  non-spontaneously  inflammable  phosphu- 
retted  hydrogen  (Wuhler). 

Pi^tor}doridc  of  mamjanrse:  MnCl  +4110;  G317  -f  36  or  789G3  -f  450.— 
Tliis  salt  ciy'stallizcs  in  thick  tables,  which  are  oblong  and  quadrilateral,  and  of  a 
pose  colour;  it  is  very  soluble  in  water,  and  slightly  deliquescent.  The  residuary 
liquid  obtained  in  preparing  chlorine  by  dissolving  bioxide  of  manganese  in  hydro- 
chloric acid,  consists  of  chloride  of  manganese  contJiminated  with  a  portion  of 
Fosquichloride  of  iron.  To  remove  the  latter  and  obtain  a  pure  chloride  of  man- 
ganese, the  solution  should  be  boiled  down  considerably  to  expel  the  excess  of 
acid,  diluted  afterwards  with  water,  and  boiled  again  with  carbonate  of  manganese, 
which  salt  precipitates  the  whole  of  the  sesquioxide  of  iron,  forming  chloride  of 
manganese  with  its  acid  (Kvcritt).  If  about  one-fourth  of  the  impure  solution 
of  chloride  of  manganese  be  reserved,  and  precipitated  by  carbonate  of  soda,  a 
qnantit}'  of  carbonate  of  manganese  will  be  obtained  sufficient  to  precipitate  the 
iron  from  the  other  three-fourths  of  the  liquid,  and  applicable  to  that  purpose 
after  it  has  been  washed.  The  iron  may  likewise  be  separated  by  evaporating  the 
solution  of  the  impure  chloride  to  dryness,  heating  the  residue  to  low  redness  in 
28 
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a  crucible,  as  long  ns  liydrocliloric  acid  continues  to  escape ;  then  leaving  it  to 
cool,  cxhaustinjr  with  boil  in  j*  water,  and  filtering.     The  hydratcd  chloride  c-f  iwa 
is  resolved  by  the  heat  into  hydrochloric  acid  and  Besquioxide,  while  the  chliTide 
of  iiianixanese  remains  unaltered,  and  is  easily  dissolved  out  by  water,  all  the  iron 
rcmaininjr  behind.     Chloride  of  manganese,  when  free  from  iron,  is  precipitated 
white,  without  any  shade  of  blue,  by  ferroeyanide  of  potassium.     The  cnrstaU 
retain  one  of  their  four  equivalents  of  water  at  212°  (Brandes),  but  may  bo  ren- 
dered anhydrous  at  a  higher  temperature.     Brandes  finds  100  parts  of  water  to 
dissolve  at  50°,  :38-3 ;  at  SS°,  4f;-2;  at  144-5°,  55  parts  of  the  anhydrous  salt. 
A  hijjher  temjiorature,  instead  of  increasing  the  solubility  of  this  salt,  diminishes 
it.     From  the  aqueous  solution,  chlorine,  with  the  aid  of  lioat,  thri.ws  down  the 
black  hydnited  bioxide  of  maiiiranese.     Hypochlorous  acid  produces  a  siinihr 
result,  with  evolution  of  free  chlorine.     Absolute  alcohol  dissohvs  half  its  wMiilit 
of  the  anhydrous  chlorfdc  of  manganese,  and  affords,  by  evaporation  in  vacuo.  % 
crystalline  alcoate,  containing  two  equivalents  of  alcohol. 

Chloride  of  manganese  forms  two  crystalline  double  salts  with  chloride  of  am- 
monium. One  of  these,  MnCl.  NII4CI,  fonns  cubical  crystals,  coutaining  1  cqulv. 
water,  according  to  Itammelsberg,  and  2  eq.  according  to  llauer.  These  cn>tals 
when  ignited  leave  manganoso-manganic  oxide  in  microscopic  pyramids  resemblin; 
llausnuinite.  The  other  salt,  2MnCl.NirCl-r4I10,  forms  crystals  belonging  to 
the  oblique  prismatic  system  (Hautz).  Solution  of  chloride  of  manganese  con- 
taining cldoride  of  ammonium,  yields,  on  addition  of  ammonia  and  exposure  to 
the  air,  a  precipitate  of  hydrated  manganoso-manganic  oxide  (Otto). 

Prcfon/anidc  of  niavf/aues'.'  is  obtained  in  the  form  of  a  j'cllowish  or  reddisb- 
white  precipitate,  on  adding  cyanide  of  potassium  to  the  solution  of  a  manganoas 
salt.  It  (|uiclvly  turns  brown  on  exposure  to  the  air.  It  is  decomposed  by  the 
stronger  acids,  and  dissolves  in  alkaline  cyanides. 

The  corresponding  fluoride  itf  matujnnr^e  forms,  with  fluoride  of  silicon,  a 
double  salt  which  is  very  soluble  in  water  and  cr3'stallizes  in  lorig  regular  pri?ns 
of  six  sides.  The  formula  of  this  double  salt  is,  according  to  Bcrzelius,  i^^iFjf 
3MnF  +  21IIO. 

Carhonatc  of  mavf/ajicse  is  a  white  insoluble  powder,  which  acquires  a  brovn 
tint  when  exposed  in  the  dry  state  at  140°.  It  is  decomposed  by  a  red  heat 
Carbonate  of  manganese  occurs  in  the  mineral  kingdom,  in  the  form  of  mnn'^- 
vesr-apar,  but  never  in  a  state  of  purity,  being  mixed  with  the  carbonates  of  lime 
and  iron,  which  have  the  same  crystalline  form,  viz.  the  rhombohednil.  It<  pr^ 
pence  in  spathic  carbonate  of  iron  is  said  to  be  the  cause  why  tlie  latter  yields  an 
iron  peculiarly  adapted  for  the  manufacture  of  steel. 

Proiosniphate  nf  mantjiincsc. ;  Mdnganoufi  mlphatr  ;  MnO,  SO3  -|-  TITO.  —  A 
solution  of  this  salt,  used  in  dyeing  and  entirely  free  from  iron,  is  prepared  by 
igniting  bioxide  of  manganese  mixed  with  about  one-tenth  of  its  weisht  rf 
pounded  coal  in  a  gas  retort.  The  protoxide  thus  formed  is  dissolved  in  sulphurifl 
acid,  with  the  addition  of  a  little  hydrochloric  acid  towards  the  end  of  the  pro- 
cess; the  sulphate  is  evaporated  to  dryness,  and  again  heated  to  redness  in  thi-ga 
retort.  The  iron  is  found  after  ignition  in  the  state  of  sesquioxido  and  in.solublf, 
the  persulphate  of  iron  being  decomposed,  while  the  sulphate  of  mangaue:?e  is  not 
injured  by  the  temperature  of  ignition,  and  remains  soluble.  The  salt  may  iIm 
be  obtained  by  heating  bioxide  of  manganese,  previously  freed  from  the  carbonaia 
of  lime  and  magnesia  by  boiling  with  dilute  sulphuric  acid,  with  an  equal  weigbt 
of  strong  oil  of  vitriol,  and  gently  igniting  the  resulting  mass  for  an  hour,  to 
decompose  the  sulphates  of  iron  and  copper  formed  at  the  same  time.  The  man* 
ganous  sulphate,  which  remains  unaltered,  is  then  dissolved  in  water,  and  the 
solution  evaporated  to  the  crystallizing  point.  The  solution  is  of  an  aniethv^tine 
colour,  and  does  not  cr}'stallize  readily.  When  cloth  is  passed  through  sulphaia 
of  manganese  and  afterwards  through  a  caustic  alkali,  protoxide  of  maDgaoMe  if 
precipitated  upon  it^  and  rapidly  becomes  brown  in  the  air ;  or  it  Ls  peroxidiied  it 
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by  paFsinc:  the  cloth  throii*:h  a  solution  of  chloride  of  lime.     The  coloar 

[iroduced  is  <ralled  nian«raiicse-browii. 

-stallized  under  4*J°,  the  sulphate  of  manpraQosc  cives  crj'stals  containing 

which  have  the  same  form  as  sulphate  of  iron.  The  crystals  which  form 
en  45°  and  G8°,  contain  5H0,  and  arc  isoniorphous  with  sulphate  of  copper, 
higher  tcniporaturc,  from  G8°  to  8<3°,  a  third  set  of  crystals  is  ohUiincd,  which 
in  4II0 :  their  form  is  a  rii^ht  rhouibic  prism.  The  sulphate  of  iron  and 
sulphates  also  assume  the  same  form  (Mitschcrlich).  This  salt  loses  3110 
3°,  but  retains  1  cq.  even  at  400°,  like  the  other  magnesian  sulphates.  M. 
I  finds,  that  when  a  stronpj  solution  of  the  sulphate  of  manganese  is  mixed 
sulphuric  acid  and  evaporated  by  heat,  a  granular  salt  is  precipitated,  which 
ins  only  one  equivalent  of  water.  This  sulphate  also  forms  with  sulphate  of 
1  a  double  salt  containing  GIIO.  The  anhydrous  salt  is  soluble,  according 
andos,  in  2  parts  of  wat^r  at  59°,  in  1  part  at  122°;  but  above  the  latter 
?rature,  the  salt  becomes  less  soluble.     The  tetra-hydrated  salt  dissolves  in 

part  of  water  at  4o-3°;  in  0-79  part  at  50°;  in  0-82  part  at  05.8;  in  0-67 
it  99  5°;  and  in  1079  part  at  2-1°.  Manganous  sulphate  is  insoluble  in 
itc  alcohol,  but  dissolves  in  500  parts  of  spirit  of  the  strength  of  55  per 

ponvJphafc  of  manganese  ;  MnO  .  SaOs+^IIO.  For  the  preparation,  see  p. 
—The  bioxide  of  manganese  used  in  preparing  it  should  be  previously  treated 
nitric  acid,  to  dissolve  out  the  hydratcd  oxide,  and  be  well  washed.  The 
brms  rose-coloured,  generally  indistinct,  crystals,  belonging  to  the  doubly 
le  prismatic  system  (Marignac).  The  oxalate  of  manganese  is  a  highly  inso- 
salt.  The  acetate  is  soluble  in  3}  parts  of  cold  water,  and  also  in  alcohol, 
trate  of  potash  dissolves  protoxide  of  manganese,  and  ibrms  a  very  soluble 
e  salt,  the  tartrate,  of  potash  and  manganese,  which  can  Dc  obtained,  although 
difficulty,  in  regular  crystals. 

<quioxi(Ie  of  manganese  ;  Manganic  oxide;  Mnfis]  7934  or  991-8. — This 
is  left  of  a  dark  brown,  almost  black  colour,  when  the  nitrate  of  the  pro- 
e  is  gently  ignited.  It  also  occurs  crystallized  in  the  mineral  kingdom, 
jgh  rarely;  its  density  is  4818,  and  it  is  named  hraunitc  as  a  mineral  spc- 
Thc  hydrate  of  manganic  oxide  is  formed  by  the  oxidation  in  air  of  man- 
is  hydrate.  3Ianganic  hydrate  also  frequently  occurs  in  nature  of  a  black 
r,  both  crystallized  and  amorphous,  and  is  often  mixed  with  the  bioxide  of 
anese.  It  constitutes  the  mineral  species  manganite,  of  which  the  density 
I  to  4  4,  and  the  formula  Mn^Oa,  IIO.  This  hydrate  may  be  artificially  prc- 
by  heating  finely  divided  bioxide  of  manganese  with  monohydrated  sulphuric 
decomposing  the  resulting  manganic  sulphate  with  water,  and  washing  it 
aghly  (C'arius).  This  oxide  colours  glass  of  a  red  or  violet  tint.  The  com- 
violct  or  purple  stained  glass  contiins  manganic  oxide ;  also  the  amethyst. 
iDganic  oxide  is  a  base  isomorphous  with  alumina  and  sesquioxide  of  iron, 
solves  in  cold  hydrochloric  acid  without  decomposition.  Concentrated  sul- 
c  acid  combines  with  it  at  a  temperature  a  little  above  212°,  but  docs  not 
a  solution.  Dilute  sulphuric  acid  docs  not  dissolve  it,  either  in  the  cold  or 
gently  heated,  unless  manganous  oxide  is  present,  even  in  very  small  quan- 
,  in  which  case  a  violet  solution  is  formed ;  hence  the  commonly  received 
Dcnt  that  manganic  oxide  forms  a  red  solution  with  sulphuric  acid  (Carius). 
luicwhat  elevated  temperatures,  acids  reduce  the  sesquioxide  of  maDgaDCfic  to 
side,  with  evolution  of  oxygen. 

intjanic  sulphate;  Mn,Oj .  3  SO,. — Prepared  by  mixing  finely  divided  bioxide 
ingauese  (ootained  by  parsing  chlorine  gas  through  a  solution  of  carbonate  of 
in  which  carbooutc  of  manganese  is  suspended)  with  monohydrated  sulphuric 
k>  the  consistence  of  a  pulp,  and  gradually  heating  the  mixture  in  an  oil-bath 
sat  276^1  ai  which  point  the  mass  becomes  dark  green  and  more  mobile.     It 
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is  then  drained  on  n  plutc  of  pumicc-stono  to  remove  the  greater  part  of  the  sul- 
phuric acid ;  afterwards  stirred  up  in  a  waim  basin  with  the  strou^est  nitric  acid 
(free  from  nitrous  acid) ;  again  drained  on  pumice-stone ;  and  this  treatment  ns 
peated  several  times :  lastly,  it  is  dried  in  the  oil-bath  at  266^,  and  preserved  in 
carefully  dried  tubes.  —  Manganic  sulphate  thus  obtained  is  a  dark  green  powder 
which  exhibits  no  traces  of  crystallization.  It  may  be  heated  to  320°  without  d^ 
composition y  but  at  higher  temperatures  gives  off  oxygen  and  is  reduced  to  man* 
ganous  sulphate.  At  ordinary  temperatures  it  is  all  but  insoluble  in  concentntcd 
sulphuric  and  nitric  acid ;  with  the  former  it  may  be  heated  nearly  to  the  boiling 
point  without  alteration^  but,  when  boiled  with  the  acid,  it  dissolves  as  mangaDous 
sulphate,  with  evolution  of  oxygen.  Heated  with  concentrated  nitric  acid  to  212^, 
it  turns  brown,  but  resumes  its  green  colour  when  the  acid  is  evaporated  at  the 
lowest  possible  temperature.  In  strong  hydrochloric  acid,  it  dissolves,  like  the 
pure  sesquioxide,  forming  a  brown  solution,  which  when  heated  gives  off  chlorine 
till  all  the  sesciuioxide  of  manganese  is  reduced  to  protoxide.  Organic  substances, 
heated  with  the  dry  salt,  decompose  it  with  considerable  violence.  The  salt  ab- 
sorbs moisture  very  rapidly,  so  that  it  must  always  be  kept  in  sealed  tubes.  Small 
quantities  of  it  deliquesce  in  a  few  seconds,  forming  a  violet  solution,  which,  how- 
ever, soon  becomes  brown  and  turbid  from  separation  of  the  hydrated  oxide. 
Water  decomposes  the  salt  rapidly,  especially  when  heated,  separating  the  pure 
hydrated  sesquioxide.  Hence  the  mode  of  preparing  the  hydrate  above  men* 
tioned.  Sulphuric  acid,  somewhat  diluted,  decomposes  manganic  sulphate,  coo- 
verting  it  into  a  red-brown  powder,  which  appears  to  be  a  basic  salt.*  Manganic 
sulphate  forms  an  alum  with  sulphate  of  potash  (Mitscherlich) :  this  salt  occurs 
native  in  needle-shaped  crystals  at  Alum  Point,  on  the  Great  Salt  Lake  in  Xonh 
America  (L.  D.  Gak). 

Sc.iquichloride  of  manganese  (MojCla)  is  formed  when  the  sesquioxide  is  dis- 
solved in  hydrochloric  acid  at  a  low  temperature.  The  solution  is  yellowish  brovn 
or  black,  according  to  its  degree  of  concentration,  and  is  decomposed  by  a  slight 
elevation  of  temperature,  with  evolution  of  chlorine.  A  corresponding  tcfqui- 
fiuoridc  may  bo  crystallized. 

S^.squici/anide  of  manganese,  —  A  compound  nf  this  cyanide  is  formed,  when 
mangauous  acetate  is  mixed  with  hydrocyanic  acid  in  excess,  then  neutralized  with 
potash  and  evaporated.  The  mangauous  cyanide  then  absorbs  oxygen,  and  is  con- 
verted into  hydrated  manganic  oxide  and  manganic  cyanide,  which  last  combines 
with  cyanide  of  potassium,  and  appears,  on  the  cooling  of  a  concentrated  solution, 
in  red  crystals,  which  dissolve  easily  in  water  (Mitscherlich).  This  salt  is  analo- 
gous to  red  prussiate  of  potash,  containing  manganese  instead  of  iron,  and 
may,  therefore,  be  represented  as  containing  manganicyanogen  — -  a  manf/anky' 
anide  of  potassium,  ^^(MnsCye).  As  a  double  cyanide,  its  formula  would  b^ 
3KCy.Mn,Cy3. 

Jicd  oxide  of  manganese^  MnO.Mn2,03,  named  by  Berzelius  manganoso-man- 
ganic  oxide,  is  always  produced  when  any  oxide  of  manganese  is  heated  6tron;!lj 
in  air.  It  is  a  double  oxide,  being  a' compound  of  single  equivalents  of  protoxid* 
and  bioxide  of  maniranese.  It  forms  the  mineral  Ilausmanite,  which  differs  from 
manganitc  in  having  manganous  oxide  in  place  of  water.  Its  density  is  4-7lI* 
B&rthicr  finds  that  strong  nitric  acid  dissolves  out  the  protoxide  of  manganese 
from  the  red  oxide,  and  leaves  a  remarkable  hydrate  of  the  bioxide,  of  which  the 
formula  is  iMnOj+IIO. 

Bioxide  or  Peroxide  of  manganese  ;  Blaeh  oxide  of  manganese;  MnOi;  43CJ 
or  5i5-9.  —  This  is  the  well-known  ore  of  manganese  employed  in  the  preparation 
of  oxygen  and  chlorine.  It  generally  occurs  massive,  of  an  earthy  appearucc, 
and  contaminated  with  various  substances,  such  as  sesquioxide  of  iron,  silica,  and 
carbonate  of  lime ;  but  sometimes  of  a  fibrous  texture,  consisting  of  small  prisms 

*  Carius,  Ann,  Ch.  Pharm,  xcriii.,  68. 
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radiating  from  a  common  centre.  Its  density  varies  from  4*819  to  4*94;  as  a 
zuiDcral  species  it  has  been  named  pf/ro7ncitr*  Another  important  variety  of  this 
ore,  known  as  icady  is  essentially  a  hydrate,  containing,  according  to  Dr.  Turner, 
1  c<:{.  of  water  to  2  eq.  of  peroxide.  A  hydrated  bioxide,  consisting  of  single 
ec|uivalent3  of  its  constituent^},  is  formed  by  precipitating  the  protosalts  of  manga- 
nese with  chloride  of  lime ;  and  the  same  compound  results  from  the  decompo-sition 
of  the  acids  of  manganese,  when  diluted  with  water  or  an  acid.  It  is  possible  that 
thf  o^iuivalent  of  this  oxide  should  be  doubled,  and  that  its  proper  formula  is 
Mn204,  corresponding  with  peroxide  of  chlorine,  CIO4. 

liioxide  of  manganese  loses  one-fourth  of  its  oxygen  at  a  low  red  heat,  and  is 
is  changed  into  ses(juioxide ;  at  a  bright  red  heat  it  loses  more  oxygen,  and 
becomes  red  oxide,  the  condition  into  which  all  the  oxides  of  manganese-  pass 
when  iguitcd  strongly  in  the  open  air.  The  bioxide  does  not  unite  either  with 
acids  or  with  alkalies.  AVhen  boiled  with  sulphuric  acid,  it  yields  oxygen  gas 
and  a  sulphate  of  the  protoxide.  In  hydrochloric  acid  it  dissolves  with  gentle 
digestion,  evolving  chlorine  gas,  and  forming  protochloride  of  manganese  (page 
4lIo).  It  is  extensively  used  in  the  arts  for  preparing  chlorine,  and  also  to  pre- 
serve gla.<s  colouiless  by  its  oxidating  action.  In  the  last  application,  it  is  added 
to  the  \itreous  materials  in  a  relatively  small  proportion,  and  becomes  protoxide, 
which  is  nut  a  colouring  oxide,  while  as  sesquioxide  it  would  stain  glass  purple. 
At  the  same  time  it  destroys  carbonaceous  matter,  and  converts  protoxide  of  iron, 
which  colours  glass  green,  into  sesquioxide,  which  is  less  injurious. 

The  mineral  rnrricitc  was  discovered  by  Mr.  11.  Phillips  among  some  ores  of 
maniranese  from  llartshill  in  Warwickshire.  It  is  distiuiruished  from  the  bioxide 
by  being  much  harder,  having  more  of  a  lamellated  structure,  and  by  yielding 
water  freely  when  heated  to  redness.  Its  density  is  4-531.  It  may  be  supposed 
to  consist  of  1  cq.  of  sesquioxide,  and  2  cq.  of  bioxide  with  1  eq.  of  water  (Dr. 
Turner);  its  formula  is,  therefore,  Mn^Oa.  MuiOi-f  HO. 
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The  numerous  ap])lications  of  the  higher  oxides  of  manganese  depending  upon 
the  oxygen  which  tlicy  can  furnish,  render  it  important  to  have  the  means  of 
ca.sily  and  expeditiimsly  estimating  their  value  for  such  purposes.  The  value  of 
these  oxides  is  exactly  proportional  to  the  quantity  of  chlurine  which  they  produce 
when  dissolved  in  hydrochloric  acid,  and  the  chlorine  can  be  estimated  by  the 
quantity  of  protosulphate  of  iron  which  it  oxidizes.  Of  pure  biuxide  of  manganese 
48-7  parts  (1  eq.)  produce  35-5  parts  of  chlorine,  which  oxidize  278  parts  (2  eq.) 
of  crjstallized  protosulphate  of  iron.  Hence  50  grains  of  bioxide  of  manganese 
yield  chlorine  sufficient  to  oxidize  317  grains  (more  exactly,  310*5  gra.)  of  proto- 
sulphate of  iron. 

50  grains  of  the  powdered  oxide  of  manganese  to  be  examined  are  weighed  out, 
and  also  any  known  quantity,  not  less  than  317  grains,  of  the  sulphate  of  iron 
(copperas)  employed  in  chlorimetry.  The  oxide  of  manganese  is  thrown  into  a 
flask  containing  an  ounce  and  a  half  of  strong  hydrochloric  acid,  diluted  with 
half  an  ounce  of  water,  and  a  gentle  heat  applied.  The  sulphate  of  iron  is  gradu- 
ally added  in  small  quantities  to  the  acid,  so  as  to  ab.sorb  the  chlorine  as  it  is 
evolved  ;  and  the  addition  of  that  salt  continued,  till  the  liquid,  after  being  heated, 
pivcs  a  blue  precipitate  with  the  red  prussiate  of  potash,  and  has  no  smell  of 
chlorine,  which  are  indications  that  the  protosulphate  of  iron  is  present  in  excess. 
By  weighing  what  remains  of  the  sulphate  of  iron,  the  quantity  added  is  ascer- 
tained ;  say  m  grains.  If  the  whole  manganese  were  bioxide,  it  would  require 
317  grains  of  sulphate  of  iron,  and  that  quantity  would,  therefore,  indicate  100 
per  cent,  of  bioxide  in  the  specimen ;  but  if  a  portion  of  the  manganese  only  is 

*  From  vpy  fire,  and  Xwi>,  1  wash ;  in  allusion  to  its  being  employed  to  discharge  the  brown 
and  green  tints  of  glass. 
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bioxidcy  it  will  consume  a  proportionally  smaller  qaantitj  of  the  sulphate,  wbich 
quantity  will  give  the  proportion  of  the  bioxide,  by  the  proportion:  as  317: 
100  : :  m :  per-ccntage  required.  The  per-centage  of  bioxide  of  manganese  is  thas 
obtained  by  multiplying  the  number  of  grains  of  sulphate  of  iron  oxidized  bj 
0-317.  It  also  follows  that  the  per-centage  of  chlorine  which  the  same  spccimco 
of  manganese  would  afford^  is  obtained  by  multiplying  the  number  of  grains  of 
sulphate  of  iron  oxidized  by  0-2588. 

Another  mode  of  estimation  is  to  pass  the  chlorine  gas,  obtained  by  heating  the 
manganese  in  a  flask  with  hydrochloric  acid;  into  a  solution  of  sulphurons  acid, 
quite  free  from  sulphuric  (it  should  give  no  precipitate  with  chloride  of  bariam ) ; 
the  chlorine  converts  an  equivalent  quantity  of  sulphurous  acid  into  sulphuric. 
The  liquid  is  then  mixed  with  chloride  of  barium,  and  boiled  to  expel  the  excess 
of  sulphurous  acid,  after  which  the  sulphate  of  baryta  is  thrown  on  a  filter,  washed, 
dried,  ignited,  and  weighed.  The  llG-64  gr.,  or  1  eq.  of  sulphate  of  baryta, 
correspond  to  43-7  gr.,  or  1  eq.  of  bioxide  of  manganese. 

The  value  of  commercial  oxide  of  manganese  may  also  be  estimated  by  hcatin;; 
it  with  hydrochloric  acid  and  oxalic  acid.  The  disengaged  chlorine  then  conrertt 
the  oxalic  acid  into  carbonic  acid,  —  2  eq.  of  carbonic  acid  representing  1  eq.  of 
chlorine^  and  therefore  1  eq.  of  bioxide  of  manganese : 

C2lI0,+Cl=2C0,4.HCl. 

A  convenient  apparatus  for  the  determination  is  a  small  light  glass  flask  (fig. 
186),  of  3  or  4  oz.  capacity,  having  a  lipped  edge,  and  fitted  with  a  perforated 

cork.  A  piece  of  tube,  about  3  inches  long,  drawn  out  at 
one  end,  and  filled  with  fragments  of  chloride  of  calcium, 
to  absorb  water,  is  fitted  by  means  of  a  small  cork  and  a 
bent  tube  to  the  mouth  of  the  flask.  A  short  tube  closed 
at  one  end,  and  small  enough  to  go  into  the  flask,  is  u:<cd 
to  contain  the  hydrochloric  acid.  Fifty  grains  of  the  miofr 
ral,  in  the  state  of  very  fine  powder,  are  introduced  into  the 
flask,  together  with  about  half  an  ounce  of  cold  water,  aad 
100  grains  of  strong  hydrochloric  acid  in  the  tube,  as  shown 
in  the  figure:  50  grains  of  crystallized  oxalic  acid  are  theo 
added,  the  chloride  of  calcium  tube  fitted  on,  and  the  whole  quickly  weighed.  Tbe 
flask  is  then  tilted  so  as  to  allow  the  hydrochloric  acid  to  flow  out  of  the  tube,  tnd 
come  in  contact  with  the  mixture  of  manganese  and  oxalic  acid,  and  a  gentle  heat 
applied  to  determine  the  action.  Carbonic  acid  is  then  evolved,  and  escapes 
through  the  chloride  of  calcium  tube.  To  expel  the  last  portions  of  carbonic  acid, 
the  liquid  must  be  ultimately  heated  till  it  boils ;  after  which  it  is  left  to  cool, 
and  weighed :  the  loss  of  weight  gives  the  quantity  of  carbonic  acid.  Now,  u 
43-67,  the  equivalent  of  bioxide  of  manganese,  is  nearly  double  that  of  carbonic 
acid,  which  is  22,  the  loss  of  weight  in  the  apparatus  may  be  taken  to  represent 
the  quantity  of  real  bioxide  in  the  50  grains  of  the  sample.  [For  other  methodsi 
see  Appendix.] 

To  obtain  a  complete  appreciation  of  the  value  of  a  sample  of  manganese,  it  is 
not  suflicient  to  know  the  per-centage  of  real  bioxide  in  it,  —  or,  which  comes  to 
the  same  thing,  the  quantity  of  chlorine  it  is  capable  of  yielding,  —  but  we  wuet 
also  know  the  quantity  of  hydrochloric  acid  which  must  be  consumed  for  evolving 
this  chlorine.  If  the  sample  consists  of  pure  bioxide,  half  the  acid  used  will  give 
up  its  chlorine ;  if  it  be  pure  scsquioxide,  only  a  third  of  the  acid  will  be  changed 
into  chlorine.  The  quantity  of  acid  required  will  therefore  be  greater  in  the  Utter 
ca.sc  than  in  the  former  in  the  ratio  of  3  :  2.  Lastly,  if  the  oxide  contains  lime, 
baryta,  or  oxide  of  iron,  these  bases  will  neutralize  a  portion  of  the  acid  withoat 
Bupplyinij  any  chlorine.  To  determine  the  expenditure  of  acid,  a  known  weight 
of  tlie  oxide  is  heated  with  a  known  quantity  of  hydrochloric  acid  of  given  atreogthi 
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tlte  chlorine  being  suffered  to  escape,  but  the  hydrochloric  acid  which  would 
oth<  rwiso  cRoapo  undecomposcd  being  collected  in  a  small  receiver  moistened  on 
tlie  inside.  When  the  action  is  over,  the  acid  thus  condensed  is  added  to  tliat  in 
the  flask,  tlic  wliole  diluted  with  water,  and  the  quantity  of  free  acid  determined 
by  addin;::  a  graduated  alkaline  solution,  till  the  precipitate  which  forms  no  longer 
retlissolvcs  on  agitation.  The  quantity  of  free  acid  thus  determined  is  then  to  be 
deducted  fruiii  the  original  quantity,  and  the  difference  gives  the  quantity  con- 
sunsod. 

M'liijanic  acid;  MnOj;  51G7  or  645-9.  —  When  bioxide  of  manganese  is 
strongly  ignited  with  hydrate  or  carbonate  of  potash  in  excess,  manganic  acid  is 
funiRd,  under  the  influence  of  the  alkali,  together  with  a  lower  oxide  of  man- 
paui.\>o.  Ignition  in  open  vessels,  or  with  an  admixture  of  nitrate  of  potash, 
increases  the  production  of  the  acid,  by  the  absorption  of  oxygen  which  then 
occurs.  The  product  has  long  been  known  as  w /;jcra/ c/iamr/c(>7i,  from  the  pro- 
perty of  its  solution,  which  is  green  at  first,  to  pass  rapidly  through  several  shades 
of  tnlour.  JJut  a  more  convenient  process  for  prt?paring  manganate  of  potash  is 
that  ncouimended  by  Dr.  Gregor}'.  lie  mixes  intimately  4  parts  of  bioxide  of 
mantrancse  in  fine  powder  with  oj  parts  of  chlorate  of  potash,  and  adds  them  to  5 
parts  of  hydrate  of  potash  dissolved  in  a  small  quantity  of  water.  The  mixture  is 
cvapunitrd  to  dryness,  powdered,  and  afterwards  ignited  in  a  platinum  crucible, 
but  w»{  tii>cd,  at  a  low  red  heat.  The  ignited  mass,  digested  in  a  small  quantity 
of  cold  WLiter,  forms  a  deep  green  solution  of  the  alkaline  manganate,  which  may 
bo  uhtuined  in  crystals  of  the  same  colour  by  evaporating  the  solution  over  sul- 
phurio  acid  in  the  air-pump.  Zwcnger,  by  igniting  bioxide  of  manganese  with  3 
parts  of  nitric  acid,  and  evaporating  the  aqueous  solution  in  vacuo,  obtained 
reddisli-brown  crystals  containing  KO.MnOa.  On  exposure  to  the  air,  they 
bv  '-ame  dull  and  dark  green.  The  manganates  were  discovered  by  Mitscherlich 
to  be  isoiiiorphous  with  the  sulphates  and  chromates.  It  has  not  yet  been  found 
p<»ssible  to  isolate  mangtmic  acid.  Its  salt.s  in  solution  readily  undergo  decompo- 
sition, unless  an  excess  of  alkali  is  present;  and  are  also  destroyed  by  contact  of 
organic  matter,  such  as  paper. 

P> rmnji>/auic  avid,  Mu^OtJ  111-34  or  1391*8.  —  When  the  green  solution  of 
luanganiito  of  potash,  prepared  as  above  directed,  is  diluted  with  boiling  water, 
hydrated  bioxide  of  manganese  subsides,  and  the  liquid  assumes  a  beautiful  pink 
or  vi<)let  colour.  The  manganic  acid  is  resolved  into  bioxide  of  manganese  and 
hvpermantranic  acid : 

SMuOa  =  MnO,  +  MnA. 

The  permanganate  of  potash  should  be  rapidly  concentrated,  without  contact  of 
organic  matter,  and  allowed  to  crystallize.  A  better  process  for  obtaining  this 
c^alt  is  to  mix  1  part  of  bioxide  of  manganese,  in  very  fine  powder,  with  1  part  of 
chlorate  of  potash;  introduce  this  mixture  into  a  solution  of  1}  part  of  caustic 
potash  in  the  smallest  possible  quantity  of  water;  evaporate  to  dryness,  during 
which  process  a  considerable  quantity  of  manganate  of  potash  is  formed;  then 
heat  the  mixture  slowly  to  dull  redness;  boil  tlie  product  in  water;  filter  through 
aiibe>tos,  and  concentrate  by  evaporation  :  the  liquid,  on  cooling,  deposits  perman- 
ganate of  p(»tasli  in  crystals.  It  may  be  purified  by  solution  in  a  small  quantity 
of  boiling  water,  and  recrystallization.  The  crjstals  are  of  a  dark  purple  colour, 
almost  black,  and  soluble  in  sixteen  times  their  weight  of  cold  water;  they  were 
found  by  Mit.scherlich  to  be  isomorphous  with  perchlorate  of  potash;  they  dis- 
solve in  IG  parta  of  water  at  G0°  (Regnault).  The  permanganates  give  out  oxygen 
when  heated,  and  are  reconverted  into  manganates.  Their  solutions  have  a  rich 
purple  colour,  and  are  so  stable  that  they  may  be  boiled,  if  concentrated.  A  small 
portion  of  a  permanganate  imparts  a  purple  colour  to  a  very  large  quantity  of 
water. 

When  a  strong  solution  of  caustic  potash  is  added  to  a  dilute  solution  of  per- 
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innDpranatc  of  potash,  the  liquid  ohaDgcs  colonr,  assttmiDg  first  a  Tiolet,  and  after- 
wards uii  cmcrald-grcen  tint.  The  permanganate  is  in  fact  converted  into  man- 
gauatc,  a  double  quantity  of  potash  having  entered  into  combination  with  the  acid: 

KO.MnA  +  KO  =  2(KO.MnO,)  +  0. 

The  oxv<rcn  thus  liberated  remains  dissolved  in  the  water.  This  transformation  is 
due  to  the  great  basic  power  of  the  potash.  Aeids  produce  the  contrary  effect, 
that  is  to  say,  they  convert  manganates  into  permanganates. 

The  insoluble  niangnnate  of  baryta  may  be  formed  by  fusing  bioxidc  of  man- 
ganese with  nitrate  of  baryta ;  and  when  mixed  with  a  little  water,  and  decom- 
posed by  an  equivalent  quantity  of  sulphuric  acid,  affords  free  permanganic  acid. 
In  Mitschcrlich's  experiment*,  the  free  acid  appeared  to  be  a  body  not  more  stible 
than  bioxide  of  hydrogen,  being  decomposed  between  8G°  and  104**,  with  escape 
of  o.Kvgen  gas  and  precipitation  of  hydrated  bioxide  of  manganese.  It  bleached 
powerfully,  and  was  rapidly  destroyed  by  all  kinds  of  organic  matter.  M.  Hiiro- 
feld,  on  tlie  other  hand,  obtained  permanganic  acid  in  a  state  in  which  it  could  be 
preserved,  evaporated,  redissolved,  &c.  lie  washed  the  manganate  of  baryta  with 
hot  water,  by  which  it  is  resolved  into  bioxide  of  manganese  and  pcrmaugaTiatc  uf 
baryta,  and  then  added  to  it  the  quantity  of  phosphoric  acid  exactly  nccesj^ar}*  to 
neutralize  the  baryti.  The  libenited  permanganic  acid  was  dissolved  out,  evaporated 
to  dryness,  and  by  a  second  solution  and  evaporation,  obtained  in  the  form  of  a 
reddish-brown  mass,  crystalline  and  radiated,  which  exhibited  the  lustre  of  indico 
at  some  points  and  was  entirely  soluble  in  water.  When  dr}'  permanganic  icid 
was  fused  in  a  retort  with  anhydrous  sulphuric  acid,  and  afterwards  distilled  At  ^ 
higher  temperature,  an  acicular  sublimate  of  a  crimson  red  colour  was  obtaiiu'd, 
which  appeared  to  be  a  combination  of  permanganic  and  sulphuric  acids.  (13tr- 
zelius's  TralUj  i.  522.)  When  monohydrated  sulphuric  acid  is  poured  upon  a 
somewhat  considerable  quantity  of  crystallized  permanganate  of  pota.**h,  the  sal:  is 
decomposed  with  great  evolution  of  heat,  red  flames  bursting  out,  oxygen  h^^ing 
evolved,  and  manganic  oxide  set  free  in  dark-brown  flakes  and  shreds  like  ?pidor- 
lines.  The  rod  flames  seem  to  show  that  permanganic  acid  is  gaseous  at  the  high 
temperature  produced  by  the  reaction.     (Wiihler.) 

Pcrchloride  of  manganesCj  Mn^CU,  is  a  greenish  yellow  gas,  which  condonses 
at  0°  F.  into  a  liquid  of  a  greenish-brown  colour.  This  liquid  diffuses  purpJe 
fumes,  owing  to  the  formation  of  hydrochloric  and  permanganic  acids,  by  the 
decomposition  of  the  moisture  of  the  air.  It  was  formed  by  Dumas  by  di.-.solvi.'ig 
manganate  of  potash  iu  oil  of  vitriol,  pouring  the  solution  into  a  tubulated  rot'.-rt, 
and  adding  by  degrees  small  portiuns  of  chloride  of  sodium  or  potassium,  e.nu- 
pletcly  freed  from  water  by  fusion.  The  pcrchloride  of  manganese  is  the  result 
of  a  reaction  between  the  liberated  hy permanganic  and  hydrochloric  acids : 

iMn.O;  +  7nCl  =  Mn^Cl^  -f  7II0. 

A  corresponding /)pr/?wor/(7f  of  manganese  was  formed  by  Wohler  by  distilling, 
in  a  j)latinum  retort,  a  mixture  of  manganate  of  potash  and  fluor-spar  in  jvjwiior. 
witli  fuming  sulphuric  acid.  It  is  a  grcenish-3'ellow  gas,  which  likewise  produces 
purple  fumes  in  damp  air. 

Isomorjihous  relations  of  manganese.  —  There  is  no  other  clement  whose  com- 
pounds enter  into  so  many  isomorphous  groups,  and  connect  so  large  a  proportion 
of  the  elements  by  the  tie  of  isomorphism,  as, manganese.  The  salts  of  its  prot- 
oxide are  strictly  isomorphous  with  the  salts  of  magnesia  and  its  class;  eo  that 
manganese  belongs  to  and  represents  the  magnesian  family  of  elements.  The 
same  metal  connects  the  sulphur  family  with  the  magnesian,  by  the  isomorphisa 
of  the  sulphates  and  manganates;  and,  therefore,  sulphur,  selenium,  and  tell  ariiUB 
are  thus  allied  to  the  magnesian  metals.     An  equally  interesting  roktion  is  that 
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rmanganio  vitb  perchloric  acid,  and  tlie  isomorpliism,  which  it  establishes, 
equivalents  of  manganese  with  1  equivalent  of  chlorinC;  and  the  other  mem- 
if  its  family. 

[ATION    OF    MANGANESE,   AND     METHODS    OF    SEPARATING  IT  FROM    TIIB 

PRECEDING   METALS. 

2  u^ual  method  of  precipitating  manganese  from  the  solution  of  a  manganous 

3  to  add  carbonate  of  soda  at  a  boiling  heat.  The  precipitated  carbonate  of 
incse  is  then  well  washed  with  boiling  water,  and  calcined  at  a  strons  red 
whereby  it  is  converted  into  manganoso-manganic  oxide,  MnjO^,  containing 

per  cent,  of  manganese.  If  the  solution  contains  a  considerable  quantity 
nioniaeal  salts,  it  must  be  evaporated  after  mixing  it  with  excess  of  car- 
3  of  so<la,  and  the  soluble  salts  dissolved  out  of  the  residue  by  water. 
ng:incse  is  separated  from  the  alkali-metals  by  means  of  carbonate  of  soda  or 
idc  of  atnmouium,  which  latter  precipitates  it  in  the  form  of  sulphide.  The 
ido  is  washed  with  water  containing  a  small  quantity  of  sulphide  of  ammo- 
;  then  rodii>solved  in  acid;  and  the  manganese  precipitated  from  the  solution 
rbouate  of  soda, 
an  barium  and  strontium,  manganese  is  easily  separated  by  means  of  sul- 

of  Foda,  which  throws  down  the  baryta  and  strontia  as  sulphates;  also  by 
ide  of  ammonium.  From  lime  and  manganese  it  is  separated  by  sulphide  of 
niuin,  which,  if  the  solution  be  sufficiently  dilute,  precipitates  the  manga- 
ilonc  in  the  form  of  sulphide.  The  separation  from  lime  may  also  be  effected 
;ans  of  oxalate  of  ammonia,  after  the  addition  of  chloride  of  ammonium  to 
the  uian<^.inese  in  solution. 

>m  alumina  and  glucina,  manganese,  if  in  small  or  moderate  quantity  only, 
)e  separated  by  boiling  the  solution  with  potash  in  an  open  vessel.  Tho 
ineso  i.s  then  precipitated  in  the  form  of  sesquioxide,  while  the  alumina  and 
la  are  di>solved  by  the  potash.  If,  however,  the  proportion  of  manganese  be 
lerablo,  this  method  cannot  be  used,  because  the  oxide  of  manganese  carries 
with  it  considerable  quantities  of  alumina  and  glucina.     In  this  case,  the 

must  be  mixed  with  sal-ammoniac  and  the  alumina  and  glucina  precipitated 
imotiia.  The  precipitate,  however,  always  contains  small  quantities  of  man- 
ij  which  must  be  separated  by  subsequent  treatment  with  potash. 


SECTION    II. 

IRON. 

Eq.  28  or  350;  Fe  (Jcrrum). 

;  most  remarkable  of  the  metals ;  the  production  of  which,  from  the  name" 
nd  important  applications  it  possesses,  appears  to  be,  an  indispensable  coQ- 
of  civilization.  Meteoric  masses  of  iron,  often  so  pure  as  to  be  malleable, 
ind  widely  although  thinly  scattered  over  the  earth's  surface,  and  probably 
:tracted  the  attention  of  mankind  to  this  metal.  Of  the  occurrence  of  me- 
iron  as  a  terrestrial  mineral  in  sitv,  the  best  established  instances  are  tho 
s  of  native  iron  which  accompanies  the  Uralian  platinum,  and  a  thin  vein 
two  inches  in  thickness,  observed  in  chlorite  slate,  near  Canaan  in  tho 
1  States.  In  a  state  of  combination,  iron  is  extensively  diffused,  being 
in  small  quantity  in  the  soil,  and  in  most  minerals,  and  as  sulphide,  oxide, 
irbonate,  in  quantities  which  afford  an  inexhaustible  supply  of  the  metal  and 
panitions,  for  economical  purposes. 
1  differs  from  all  other  metals  in  two  points,  which  greatly  affect  the  methods 


442  IRON. 

of  reducing  it.  Its  particles  agglutinate  at  a  full  red  heat,  although  the  pun 
luetnl  is  iicurly  infusible.  The  oxides  of  iron,  which  are  easily  reduced  bv  ooio* 
bustiblc  matter^  thus  yield  in  the  furnace  a  spongy  metallic  mass,  which  aiaj 
admit  of  being  compacted  by  subsequent  heating  and  hammering,  if  the  oiide 
has  originally  been  free  from  earthy  and  other  foreign  matter.  Such  probably 
was  everywhere  the  earliest  mode  of  treating  the  ores  of  iron,  and  we  find  it  rtill 
followed  among  rude  nations.  But  iron  is  also  singular  in  forming,  at  an  elcTaud 
temperature,  a  fusible  compound  with  carbon  (cast  iron),  the  production  of  which 
facilitates  the  separation  of  the  metal  from  eveiy  thing  extraneous  in  the  oro^  aud 
is  the  basis  of  the  only  method  of  extracting  iron  extensively  practised. 

The  ore  of  iron  most  abundant  in  the  primary  formations  is  the  black  oxide  or 
magnetic  orr,  which  affords  the  most  celebrated  and  valuable  irons  of  Swedt?n  and 
the  north  of  Europe,  but  of  which  the  application  is  greatly  circumscribed  fn'm 
its  not  being  associated  with  coal.  In  the  secondary  and  tertiur}'  formationfi,  the 
anhydrous  and  hydratcd  sesquioxide  of  iron,  red  and  brown  liematit*'j  occur  occa- 
sionally in  considerable  quantity,  often  massive,  reniform,  and  quite  pure,  at  other 
times  pulverulent  and  mixed  with  clay.  It  is  employed  to  some  extent  in  Eng- 
land in  the  last  condition,  but  only  for  the  purpose  of  mixing  with  the  mere 
common  oro.  The  crystallized  carbonate  of  iron,  or  «j)a//iic  tVo>i,  is  suiL-hedia 
some  parts  of  the  continent,  and  gives  an  iron  oft<jn  remarkable  for  a  large  pro- 
portion of  manganese.  The  celebrated  iron  of  Elba  is  derived  from  sjacular  ur 
oUfjUtic  irojij  a  crystallized  sesquioxide.  But  the  consumption  of  all  tho>c  or« 
is  inconsiderable,  compared  with  that  of  the  cia^  iroiutone  of  the  c«;al  mcasurw. 
Tbis  is  the  carbonate  of  the  protoxide  of  iron  mixed  with  variable  quantitii-s  of 
clay  aud  carbonates  of  lime,  magnesia,  &c. ;  it  is  often  called  the  argillaecijus  car- 
bonate of  iron.  It  is  a  sedimentary  rock  wholly  without  crystallization,  n'.*oiiiblinq 
a  dark-coloured  limestone,  but  of  higher  density,  from  2*936  to  3-471,  aud  nt-: 
effervescing  so  strongly  in  an  acid.  It  occurs  in  strata,  beds,  or  bands,  as  they 
are  also  named,  from  2  to  10  or  14  inches  in  thickness,  alternating  with  bcd-s  of 
coal,  clay,  bituminous  schist,  and  often  limestone.  The  proportion  of  iron  iu  tbis 
ore  varies  considerably,  but  averages  about  30  per  cent.,  and  after  it  has  bccQ  cal- 
cined, to  expel  carbonic  acid  and  water,  about  40  per  cent.* 

SMELTING  CLAY  IROX-STONE. 

The  blast  furnace,  in  which  the  ore  is  reduced,  is  of  the  form  rcpresenwd 
below,  40  to  Go  feet  in  height,  with  an  interior  diameter  of  from  14  to  17  feet  at 
the  widest  part.  The  cavity  of  the  furnace  is  entirely  filled  with  fuel  and  the 
other  materials,  which  are  continuously  supplied  from  an  opening  near  the  t«>p; 
and  the  combustion  maintained  by  air  thrown  in  at  two  or  more  openings,  callt-d 
tuyeres,  near  the  bottom,  under  a  pressure  of  about  G  inches  of  mcrcur}*,  from  a 
blowing  apparatus,  so  as  io  maintain  the  whole  contents  of  the  furnace  in  a  state 
of  intense  ignition.  When  the  air  to  support  the  combustion  has  attained  i 
temperature  of  (HM.)°  or  700°,  by  passing  through  heated  iron  tubes,  b^fure  it  i» 
thrown  into  the  furnace,  raw  coal  may  be  used  as  the  fuel ;  but  with  cold  air,  tie 
coal  must  be  previously  charred  to  expel  its  volatile  matter,  and  converted  icto 
coke,  otherwise  the  heat  produced  by  its  combustion  is  insufficient.  "With  the 
ore  and  fuel,  a  third  substance  is  added,  generally  limestone,  the  object  of  which 
is  to  form  a  fusible  compound  with  the  earthy  matter  of  the  ore  ;  it  is,  therefor?, 
called  a  flux.  Two  lifjuid  products  accumulate  at  the  bottom  of  the  fanwcc, 
namely,  a  glass  composed  uf  the  flux  in  combination  with  the  earthy  impuritic* 


*  Accurate  analyses  of  eoTeral  Scotoh  vnricties  of  tbis  ore  have  been  pu>)IisheU  by  Dr.  H. 
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of  the  ore,  vhicK  ichcn  drana  off  forma  a  Eolid  doij,  and  the  cnrbidc  of  iroo,  or 
uctul,  wliiob  is  tlio  heavier  of  the  two.     It  may  be  drowD  from  observations  made 


by  I)r.  Clark,  io  l'^"",  on  tho  working  of  the  Scotch  blast  furnaces,  under  the  hot 
tf<itt,  tlint  tlie  rol.itivc  proportions  of  the  materials,  including  air,  and  product  of 
cast  iron,  are  as  fylluwa  :*  — 

Wcifiht. 

r.wi 5 

Uuastcd  irou--.(one 5 

Linicstono '. 1 

Air 11 

Avtra^c  produL-t  of  cast  iron 2 

The  ultimate  fixed  products  are  tlie  s\a<:  and  carburet  of  iron,  but  the  formation 
of  thc?ii  i*  preceded  by  several  interestiiif;  eiianges  which  the  ore  Buccessivcly 
OiidirL'Oi's  in  the  eourse  of  it«  do:icent  in  the  furnace.  A  portion  of  the  oxide  of 
iron  is ViTtainly  reduced  to  the  metallic  state,  soon  after  it.*  introduction,  in  tlio 
upper  part  of  the  furnace,  by  carbonic  oxide  and  volatile  combustible  matter ;  but 
tlic  rvdueed  metal  does  not  then  fu!:e.  A  birgc  portion  of  the  oxide  of  iron  mui't 
GTimbiDC  also,  at  the  same  time,  with  the  fiiicn  and  alumina  present  in  the  ore, 
vliieh  net  as  acida,  and  a  plass  bo  formed,  the  o.iido  of  iron  in  which  is  acareely 
r>.'dueible  by  carbon.  But  this  injurious  elTiict  of  the  acid  eartha  ia  counteracted 
by  the  lime  of  the  flux,  which,  bcinj;  a  more  powerful  base  than  oxide  of  iron, 

»  EdinburgL  Fliil,  Traaa.  vol.  13. 
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liberates  tliat  oxide  from  the  glass  wlion  the  proportiona  of  the  materials  introdaced 
into  the  furnace  are  properly  adjusted^  and  neatraliies  the  silica;  so  that  the  shg 
eventnally  becomes  a  silicate  of  lime  and  alumina,  with  scarcely  a  tiace  of  oxide 
of  iron.  The  whole  oxide  of  iron  comes  thus  to  be  exposed  to  the  redudng 
action  of  the  volatile  combustible,  and  consequently  the  whole  iron  is  probably,  it 
one  time,  in  the  condition  of  pure  or  malleable  iron.  But  when  the  metil  d^ 
seends  somewhat  further  in  the  furnace,  it  attains  the  high  tcmpcTature  at  which 
it  combines  with  the  carbon  of  the  coke  in  contact  with  it,  and  it  fuses  fur  tbe 
first  time,  in  the  form  of  carburet  of  iron.  It  has  not  yet,  however,  attained  iti 
ultimate  condition.  When  it  reaches,  in  its  descent,  the  region  of  the  farnaee 
where  the  heat  is  most  intense,  its  carbon  reacts  on  the  silica,  alumina,  lime,  and 
other  alkaline  oxides  contained  in  the  fluid  slag  with  which  it  is  accompanied,  re- 
ducing portions  of  silicon,  aluminum,  calcium,  and  other  alkaline  metals,  which 
combine  with  the  iron.  The  proportion  of  carbon  replaced  by  silicon  and  luctallie 
bases  is  generally  found  to  be  greater  in  iron  prepared  by  the  hot  than  by  the  cdd 
blast,  owing,  it  is  presumed,  to  the  higher  temperature  of  the  furnace  with  the 
hot  blast. 

The  introduction  of  air  already  heated  to  support  the  combustion  of  the  hlaat 
furnace,  for  which  a  patent  was  obtained  by  Mr.  J.  13.  Neilson,  has  greatly  re- 
duced the  proportion  of  coal  rc(|uircd  to  smelt  a  given  weight  of  ore,  enubliu.'  the 
iron-niMstor,  indeed,  to  effect  a  saving  of  more  than  three-fourths  of  the  coal  where 
it  is  of  a  bituminous  quality.  The  air  is  heated  between  the  blowing  appantiji 
and  the  furnace,  by  being  made  to  circulate  through  a  set  of  arclK-d  tubes  of 
moderate  diameter,  heated  by  a  lire  beneath  them.  The  air  can  be  heated  in  this 
manner  to  low  redness,  or  to  near  1000^,  but  there  is  found  to  be  no  proportioDil 
advantage  in  raising  its  temperature  much  above  the  melting  point  of  load  (G12'^;, 
which  is  already  higher  than  tlie  point  at  which  charcoal  inflames.  Considmnu' 
the  great  weight  of  air  that  enters  the  furnace,  the  temperature  of  that  luaterijl 
must  greatly  afi'ect  the  whole  temperature  of  the  furnace,  particularly  of  the  lower 
part,  where  the  air  is  admitted,  and  which  part  it  is  desirable  should  be  hottest. 
Now  a  certain  elevated  temperature  is  required  for  the  proper  smelting  of  the  ore, 
and,  unless  attained  in  the  furnace,  the  fuel  is  consumed  to  no  purpose.  The  re- 
moval of  the  negative  influence  of  the  low  temperature  of  the  air,  appears  to  per- 
mit the  heat  to  rise  to  the  proper  point,  which  otherwise  is  attained  with  difficulty 
and  by  a  wasteful  consumption  of  fuel.  Professor  lleich,  of  Freiberg,  Las  oh- 
served  that  heating  the  air  likewise  alters  the  relative  temperatures  of  different 
parts  of  the  furnace,  depressing  in  particular,  and  bringing  nearer  the  tuyeres, 
the  zone  of  highest  temperature.  The  admixture  of  steam  with  the  air  ha<,  he 
finds,  precisely  the  opposite  effect,  elevating  tho  zone  of  highest  temperature  io 
the  furnace ',  so  that  the  effect  of  the  hot  blast  may  be  exactly  neutralised  hy 
mixing  steam  with  the  hot  air. 

Cast  iron. — The  fused  metal  is  run  into  channels  formed  in  sand,  and  thus  caft 
into  ingots  or  pigs,  as  they  are  culled.  Cast  iron  is  an  exceedingly  variable  mix- 
ture of  reduced  substances,  of  which  the  principal  is  iron  combined  with  carbon. 
The  theoretical  constitution  to  which  that  variety  of  it,  most  definite  in  its  wfr 
position,  approaches,  is  the  following:  — 

WHITE  CAST  IRON. 

4  cr|uivalents  of  iron 94-9 

1  equivalent  of  carbon 6*1 


1000 


The  difference  in  appearance  and  quality  of  the  varieties  of  cast  iron  is  oot  veil 
accounted  for  by  their  composition.     The  grey  or  mottled  cast  in>D|  forming  tha 
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qiiii)itii>s  Nos.  1  and  2.  prcsicnts  a  fracture  composiiJ  of  small  crptals,  is  cnsily  cut 
liv  ilic  lil<.\  nnd  id  iiri'furrcd  fur  cosliogs.  It  is  generally  supposed  that  n  purtiuu 
ot'  uiiMiiibiTicl  carboD  is  (lifru(>cd  through  the  iron  of  tlicsc  qunlities,  in  the  form 
of  ■.■Riphite.  No.  3,  or  white  cast  iron,  is  more  homoneiiooua ;  its  fracture  exhibits 
ervstalliiic  platta,  like  that  of  aDtimony,  and  is  nearly  white;  it  b  exceedingly 
hard  and  brittle. 

Jiliil/caKe  irnn.  —  The  great  proportion  of  cast  iron  manufactured  is  afterwards 
refined,  or  converted  into  bar  or  malleable  iron.  The  mode  of  effecting  this  coq- 
TOThion  varies  with  the  nature  of  the  fuel.  Where  eoal  or  coke  is  need,  as  in  thla 
country,  the  ]iroci'M  consists  of  two  stages.  In  the  first,  wliiuh  is  called  rrfinimj, 
the  pi:r-ir>>u  is  heated  in  contact  with  the  fuel  in  small  low  furnaces  called  Trjinerie$, 
vliilt!  "air  is  blown  over  its  surface  by  means  of  tuyeres.  The  effect  of  this  opera- 
tion b  to  deprive  the  iron  of  a  p^iat  portion  of  the  carbon  and  nearly  all  the 
silicon  associated  with  it.  The  metal  thus  far  purified  is  run  out  into  a  trench, 
and  Guddi'nly  cuuled  by  pouring  cold  water  upon  it.  It  then  forms  a  greyish-white 
very  brittle  mais,  blistered  ou  the  surface.     In  this  state  it  is  called  Jine  metal. 

Fio.  1B8. 


Tt  is  then  Kady  for  the  second  and  principal  operation,  called  the  ymlJUng  proccns, 
wluch  consists  in  heating  masses  of  the  iron  with  a  certain  access  of  air  in  a  kind 
of  rcverberatory  furnace,  called  the  iiuihlling  furnace,  of  which  Fig.  188  repre- 
Bcnts  a  vertical  section.  This  furnace  has  tour  doors,  two  of  nliieh,  F  and  G, 
serve  for  tlic  introduction  of  fuel  to  the  grate  j  the  charge  of  mctnl  is  introduced 
at  K !  and  D  scrya  for  the  insertion  of  a  long  poker  or  spatula,  with  which  the 
luolal  is  stirred  about.  Tlic  hearth  of  the  furnace  has  an  aperturo  B  at  tbo  back, 
fur  rentoviti!^  the  slag.  The  furnace  having  been  brought  to  n  bright  red  hcst, 
about  four  or  five  hundred  weight  of  fine  metal  is  introduced,  together  with  una 
Iiundrcd  weight  of  rich  scoria)  or  foi^e  cinders  (scale-oxide).  The  metal  tlieu 
fu.-iv-,  and  in  this  state  the  workman  stirs  it  about  with  the  poker,  so  as  to  expose 
cvury  [.art  to  the  flame.  The  carbon  is  thus  gradually  burnt  out,  partly  by  tho 
dircet  action  of  oxygen  in  tho  flame,  and  partly  by  cementation  with  the  oxide  of 
iruii :  and  the  metal  becomes  less  fusible,  and  thick  and  tenacious,  so  that  it  sticks 
together,  and  is  easily  formed  into  four  or  five  large  balls,  called  blooms.  In  this 
coiidiiiijii  it  is  removed  by  tongs,  compressed  into  a  fvlindrirad  form  by  a  few  Jilows 
of  a  loaded  hammer,  and  quickly  coQTcrted  iuto  n  bar,  by  pressing  it  between 
gnwvfid  rollers.    Tho  tenacity  of  the  metal  is  further  iDcrcaacd  by  welding  Kvenl 
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bars  together ;  a  faprgot  of  bars  is  broupjbt  to  a  white  beat  in  an  oblonc;  farnace, 
and  then  extended  between  the  grooved  rollers  into  a  single  bar. 

The  texture  of  malleable  iron  is  fibrous.  Although  the  purest  commercial  form 
of  the  metal,  it  still  contains  about  one-half  per  cent,  of  carbon,  with  traces  of 
silicon  and  other  metals. 

Pure  iron  may,  however,  be  obtained  by  introducinc^  into  a  Hessian  crucible  4 
parts  of  iron  wire  cut  into  small  pieces,  and  1  part  of  black  oxide  of  iron  ;  plaeinj 
above  these  a  mixture  of  white  sand,  lime,  and  carbonate  of  potash,  in  the  propor- 
tions used  for  glass-making;  covering  the  crucible  with  a  closely  fitting  lid;  ad 
exposing  it  to  a  very  high  temperature.  A  button  of  pure  metal  is  thus  ubtained, 
the  traces  of  carbon  and  silicon  in  the  iron  having  been  removed  by  the  oiygta 
of  the  oxide.     (Mitschcrlich.) 

Steel.  —  Only  the  best  qualities  of  malleable  iron,  those  prepared  from  a  pare 
ore,  and  reduced  by  means  of  charcoal,  such  as  the  Swedish  iron,  are  convLried 
into  steel.  An  iron  box  is  filled  with  flat  bars  of  such  iron  and  charcoal  jK)W']er, 
in  alternate  layers,  and  kept  at  a  red  heat  for  forty-eight  hours,  or  longer.  The 
surface  of  the  bars  is  found  afterwards  to  be  blistered,  and  they  have  absorlv-i 
from  1-3  to  1*75  per  cent,  of  carbon.  This  is  the  procc.«s  of  comentati«^n.  Itw 
known  that  iron  can  be  converted  into  steel  without  being  in  actual  contact  Vith 
charcoal,  provided  the  iron  and  charcoal  are  in  a  close  vessel  together,  and  oxjL'ei 
be  present,  the  carbon  reaching  the  surface  of  the  nictal  in  the  form  of  carUiua 
oxide  gas.  The  iron  becomes  harder  by  tliis  change,  and  more  fui'ible,  but  cia 
still  be  hammered  into  shape,  and  cut  with  a  file.  The  property  in  which  sttel 
diflers  most  from  soft  iron,  is  the  capacity  it  has  acquired  of  bocouiiiig  cxccr?ivdj 
hard  and  elastic,  when  heated  to  redness  and  suddenly  cooled  by  plunging  it  iaio 
cold  water  or  oil.  This  hardness  makes  steel  invaluable  for  files,  kniw?,  uqJ  all 
kinds  of  cutting  instruments.  But  the  steel,  when  hardened  in  tiic  niaDStf 
described,  is  harder  than  is  required  for  most  of  its  applications,  and  also  vc^ 
brittle.  Any  portion  of  its  original  softness  can  be  restored  to  tlie  f  teel  by  heating 
it  up  to  particular  temperatures,  —  which  are  judged  of  by  the  colour  of  tiie  £la 
of  oxide  upon  its  surface,  which  passes  from  pale  yellow  at  about  -130®,  through 

straw  yellow,  brown  yellow,  and  red  purple  into  a  deep  blue  at  580°, and 

allowing  the  steel  afterwards  to  cool  slowly.     Articles  of  steel  are  tcmptrcd  iu  this 
manner. 

A  simple  and  expeditious  method  of  converting  crude  or  pig-iron  into  malleable 
iron  and  steel,  icithout  the  aid  of  fuel,  has  lately  been  proposed  by  Mr.  II.  Besse- 
mer. This  process  consists  in  causing  cold  air  to  bubble  through  the  liquid  iron; 
under  which  circumstances  the  oxygen  of  the  air  combines  with  the  carbou  of  ibe 
iron,  removing  it  in  the  form  of  carbonic  oxide,  and  generating  suflicieni  hcatw 
keep  the  iron  in  the  liquid  state  without  external  heating,  and  to  sustain  the  actioa 
till  the  whole,  or  any  required  proportion,  of  the  carbon  is  burnt  away.  As  tbe 
quantity  of  carbon  in  the  metal  diminishes,  part  of  the  oxygen  combines  with  the 
iron,  converting  it  into  an  oxide,  which,  at  the  very  high  tenjpeniture  then  cxiat- 
ing  in  the  vessel,  melts,  and  forms  a  powerful  solvent  for  the  earthy  bases  associated 
with  the  iron.  At  a  certain  stage  of  the  process,  the  whole  of  the  crude  iron  is 
said  to  be  converted  into  cast  steel  of  ordinary  quality,  lly  continuing  the  procc*, 
the  steel  thus  formed  is  gradually  deprived  of  its  small  remaining  portion  of  carboD, 
and  pa.'jses  successively  from  hard  to  soffc  steel,  steely  iron,  and  ultimately  to  reiy 
soft  iron.* 

Properties  of  iron.  —  Iron  is  of  a  bluish-white  colour,  and  admits  of  a  Li^h 
polish.  It  is  remarkably  malleable,  particularly  at  a  high  temperature,  and  of  gr»t 
tenacity.    Its  mean  density  is  7*7,  which  is  increased  by  fusion  to  7 •8439.  When 

kept  for  a  considerable  time  v^  a  red  heat,  its  particles  often  form  large  cubic  or 

_  _      - — ^ 

*  Chemical  Gazette,  185G,  p.  836. 
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octohcdni]  crystals,  and  the  metal  becomes  brittle.  Malleable  iron  softens  beforo 
entcrinjr  into  fusion,  and  in  this  state  it  can  bo  wrliMy  or  two  pieces  united  by 
hauinierinj:^  them  together.  The  point  of  fusion  of  cast  iron  is  l>470^ ;  that  of 
nialleabic  iron  is  much  higher.  Cast-iron  expands  in  becoming  solid,  and  there- 
fore takes  the  impression  of  a  mould  with  exactness.  Iron  is  attracted  by  tho 
magnet  at  all  temperatures  under  an  orange-red  heat.  It  is  then  itself  magnetic 
by  induction,  but  immediately  loses  its  polarity,  if  pure,  when  withdrawn  from  tho 
magnet.  If  it  contains  carbon,  as  steel  and  cast  iron,  it  is  affected  loss  strongly, 
but  more  durably,  by  the  proximity  of  a  magnet,  becoming  then  permanently 
magnotie.  Among  the  native  compounds  of  iron,  the  black  oxide,  which  forms 
the  loadstone,  and  the  corresponding  sulphide,  are  those  which  share  this  property 
■with  the  metal  in  the  highest  degree.  A  steel  magnet  loses  it  polarity  at  the  boil- 
ing point  of  almond  oil;  a  lojidstone,  just  below  visible  ignition  (Faraday). 

Iron  reduced  from  the  oxide  by  hydrogen  at  a  heat  under  redness,  forms  a 
spongy  mas.s,  which,  when  exposed  to  air,  takes  fire  spontaneously  at  the  usual 
toinpvratnre,  oxide  uf  iron  being  reproduced  (.Magnus).  But  iron,  in  mass,  appears 
to  und'Tgo  no  change  in  dry  air,  and  to  be  incapable  of  decomposing  pure  water 
at  ordinary  tomp.  ratures.  Nor  does  it  appear  to  be  acted  upon  by  oxygen  and 
water  togothor ;  but  the  presence  of  carbonic  acid  in  the  water  causes  the  iron  to 
be  rapidly  oxidatt-d,  with  evolution  of  hydrogen  gas.  In  the  ordinary  rusting  of 
in.m,  the  carbonate  of  the  prot()xide  appears  to  be  first  produced,  but  that  com- 
pound gradually  passes  into  the  hydnited  sesquioxide,  and  the  carbonic  acid  is 
evolvi'd.  The  rust  of  iron  always  contains  ammonia,  pr«)bably  absorbed  froiu  tho 
air ;  the  native  oxides  of  iron  also  contain  ammonia.  Iron  remains  bright  in  solu- 
tions of  the  alkalies  and  in  lime-water,  which  appear  to  protect  it  from  oxidation ; 
but  neutral,  and  more  particularly  acid  salts,  have  the  oppo.site  effect.  The  corro- 
sion of  iron  under  water  appears,  in  general,  to  be  immediately  occasioned  by  tho 
fiiruintion  of  a  subsalt  of  that  metal  with  excess  of  oxide,  the  acid  of  which  is  sup- 
plied by  the  saline  matter  in  solution.  Articles  of  iron  may  be  completely  de- 
fended from  the  injury  occasioned  in  this  way,  by  contact  with  tho  more  positive 
luirtal  zinc,  as  in  galvanized  iron  (p.  201),  while  the  protecting  metal  itself  wastes 
away  very  slowly.  Cast  iron  is  converted  into  a  species  of  graphite  by  many  years' 
immersion  in  sea-water,  the  greater  part  of  the  iron  being  dissolved  while  tho 
carbon  remains.*  In  open  air,  iron  burns  at  a  high  temperature  with  vivacity, 
and  its  surface  becomes  covered  with  a  fused  oxide,  which  forms  smithy  ashes. 
Iron  also  decomposes  steam  at  a  red  heat,  and  the  same  oxide  is  formed  as  by  the 
combination  of  the  metal  in  air,  namely,  the  magnetic  or  black  oxide,  reO,FCiOj. 

Iron  dissolves  readily  in  diluted  acids,  by  substitution  for  hydrogen,  which  is 
cvi.ilvcd  as  gas.  Strong  nitric  acid  acts  viok-ntly  upon  iron,  yielding  oxygen  to  it, 
and  undergoing  decomposition.  But  the  relations  of  iron  to  that  acid  when 
slightly  diluted  are  exceedingly  singular;  they  have  been  particularly  studied  by 
Professor  Schunbein. 

i'ljyi'er  comUthn  of  iron,  —  Pure  malleable  iron,  such  as  a  piece  of  clean  stock- 
ing wire,  usually  dissolves  in  nitric  acid  of  sp.  gr.  13  to  1"35,  with  effervescence; 
but  it  may  be  thrown  into  a  condition  in  which  it  is  said  by  Schonbein  to  be  jjas- 
nu'^,  as  it  is  no  longer  dissolved  by  that  acid,  and  may  bo  presen'cd  in  it  for  any 
length  of  time  without  change:  —  1.  liy  oxidating  the  extremity  of  the  wire 
slightly,  by  holding  it  for  a  few  seconds  in  the  flame  of  a  lamp,  and  after  it  is  cool 
dipping  it  gradually  in  the  nitric  acid,  introducing  the  oxidated  end  first.  2.  By 
dipping  the  extremity  of  the  wire  once  or  twice  in  concentrated  nitric  acid,  and 
wa&hing  it  with  water.  8.  By  placing  a  platinum  wire  first  in  the  acid,  and  then 
introducing  the  iron  wire,  preserving  it  in  contact  with  the  former,  which  may 

*  Mr.  Mallett  has  collected  much  informatioa  respecting  the  corroaion  of  iron,  in  his  First 
Beport  to  the  BritUh  Association,  on  the  action  of  sea  aud  river  water  upon  cast  and  wrought 
iron,  \iX&% 
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nftorwiinls  be  withrlmwn.  4.  A  fresh  iron  wire  may  bo  introduced  in  the  same 
manner  into  thi;  uitriu  acid,  in  contact  with  a  wire  already  pasaive;  this  way  ren- 
der pnssivo  a  third  wire,  and  so  on.  5.  By  making  the  wire  the  positive  pole  or 
zincoid  of  a  voltaic  battery,  introducing  it  after  the  negative  pole  or  chloruid  hu 
been  placed  in  the  acid.  Oxygen  gas  is  then  evolved  from  the  surface  of  the  iroa 
wire,  without  combining  with  it,  as  if  the  wire  were  of  platinum.  As  the  passive 
state  can  be  communicated  by  contact  of  passive  iron,  so  it  may  be  destroyed  by 
contact  with  active  iron  (or  zinc)  undergoing,  at  the  moment,  solution  in  the  aci<L 
If  passive  iron  bo  made  a  negative  pole  (chlorous)  in  nitric  acid,  it  also  ceases  tc 
resist  solution.  The  indifference  to  chemical  action  exhibited  by  iron  when  pas- 
sive, is  not  confined  to  nitric  acid  of  the  densitv  mentioned,  but  extends  to  various 
saline  solutions  which  are  usually  acted  upon  oy  iron.  An  indifference  to  nitric 
acid  of  the  same  kind  can  also  be  acquired  by  other  metals  as  well  as  iron,  particu- 
larly by  bismuth  (Dr.  Andrews),  but  in  a  much  less  degree.  To  account  tor  this 
remarkable  phenomenon  various  theories  have  been  proposed.  Sohonbein  and 
Wetzlar  attribute  it  to  a  peculiar  electro-dynamic  condition  of  the  surface  of  the 
metal,  similar  to  that  of  the  platinum  in  Grove's  gas  battery  (pp.  20>< — 2C»'J\ 
Mousson  attributes  it  to  a  coating  of  nitrous  acid.  By  others  agaiu  it  has  bcea 
ascribed  to  a  peculiar  antagonism  between  two  forces  acting  simultaneously  oa  the 
metal,  the  one  tending  to  oxidate  it  at  the  expense  of  the  nitric  acid,  the  other  to 
cause  it  to  take  the  place  of  hydrogen  in  the  nitrate  of  water,  just  as  when  ic  dis- 
solves in  sulphuric  acid.*  But  perhaps  the  most  probable  explanation  is  that 
which  attributes  the  passive  condition  of  iron  to  the  formation  on  its  surface  of  a 
thin  film  of  anhydrous  ferric  oxide,  similar  to  specular  iron.  This  view  is  sup- 
ported by  the  fact  that  iron  which  has  been  ignited,  and  is  therefore  completely 
covered  with  black  oxide,  exhibits  the  same  characters,  excepting  that,  from  the 
greater  thickness  of  the  coating,  the  passive  state  is  more  complete.  It  may  also 
be  observed,  that  iron  becomes  passive  only  in  liquids  which  give  up  oxjircn.  and 
that  in  the  voltaic  circuit  it  becomes  passive  precisely  under  the  circumstances  in 
which  it  is  exposed  to  oxidation,  i.  c,  when  it  is  made  the  zincoid  or  positive  pole, 
and  that  it  becomes  active  again  when  made  the  negative  pole,  that  is  to  say,  when 
the  oxide  is  reduced.  The  same  view  is  supported  by  the  observation  that  iroa 
rendered  passive  in  nitric  acid  immediately  begins  to  dissolve  on  the  additioa  of 
hydrochloric  acid. 

PROTOCOMrOUNDS  OP  IRON;    FERROUS   COMPOUNDS. 

Protoxide  of  iroiiy  Ferrous  oxide;  FeO;  36  or  450.  — Iron  appears  to  admit 
of  three  degree  of  oxidation,  the  protoxide  and  sesquioxide,  which  are  both  baffle 
and  correspond  respectively  with  manganous  and  manganic  oxide,  and  ferric  acid. 
The  protoxide  is  not  easily  obtained  in  a  dry  state,  from  the  avidity  with  which  it 
absorbs  oxyiren.  The  purest  anhydrous  protoxide  is  obtained  by  igniting  ihe 
oxalate  out  of  contact  of  air )  but  even  this,  according  to  Liebig,  contains  a  small 
quantity  of  metallic  iron.  The  protoxide  exists  in  the  sulphate  and  other  salt*  of 
iron,  formed  when  the  metal  dissolves  in  au  acid  with  evolution  of  hydrogen. 

Solutions  of  fcrroiLs  salts  have  a  green  colour.  Potash  or  soda  added  to  them 
throws  down  tlie  protoxide  as  a  white  hydrate,  which  becomes  black  on  boiliDf:, 
from  loss  of  water.  The  colour  of  the  white  precipitate  changes  by  exposure  to 
air,  to  grey,  then  to  groon,  bluish  black,  and  finally  to  an  ochrey  red,  when  it  ii 
entirely  scsqiiiuxide.  Ammonia  exercises  a  similar  action,  but  does  not  prccipi- 
tato  the  whole  of  the  oxide,  because  the  precipitate  dissolves  in  the  ammoniacal 

*Dr.  Andrews  indeed  concludes  from  observation,  that  the  ordinary  chcTnical  action  of  i 
hjdrated  ncid  upon  the  metals  which  dissolve  in  it,  is  in  general  dimini;ihed,  when  th«  icii 
is  concentrated,  by  the  vol  talc  association  of  these  metals  with  such  metals  as  gold,  pUtinmi, 
&c. ;  while,  on  tlie  contrarv,  it  is  increased  when  the  acid  la  dilated. —  Trans,  of  the  Boj**! 
Irish  Academy,  1638 ;  or,  Bccquercl,  vol.  v.  pt.  2,  p.  187. 
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salt  producefl.  Alkaline  carbonates  form  a  precipitate  of  carbonate  of  iron,  which 
is  white  at  first,  but  soon  becomes  of  a  dirty  green,  and  undergoes  the  same  subse- 
quent changes  from  oxidation.  Ferrous  salts  are  not  precipitated  by  hydrosuU 
phurtc  acidj  the  sulphide  of  iron  being  dissolved  by  strong  acids,  but  give  a  black 
sulphide  with  solutions  of  alkaline  sulph  ides.  They  give  a  white  precipitate  with 
/erroct/anide  of  potamum,  which  gradually  becomes  of  a  deep  blue  when  exposed 
to  air;  with  the  ferricyanidt\  a  precipitate  which  is  at  once  of  an  intense  blue, 
being  one  of  the  varieties  of  prussian  blue.  The  infusion  of  gall-nuts  does  not 
affect  a  solution  of  the  protoxide  of  iron  when  completely  free  from  sesquioxide. 

Prutomlphide  of  iron  is  prepared  by  heating  to  redness,  in  a  covered  crucible, 
a  mixture  of  iron  tilings  and  crude  sulphur,  in  the  proportion  of  7  of  the  former 
to  4  of  the  latter.  It  dissolves  in  sulphuric  and  hydrochloric  acids,  with  evolu- 
tion of  hydrosulphuric  acid  gas  (p.  30G.). 

A  mhsufphide  of  iron,  Fi-^S,  appears  to  be  formed  when  the  sulphate  of  iron  is 
reduced  by  hydrogen,  one-half  of  the  sulphur  coming  off  in  the  form  of  sulphu- 
rous acid.  This  subsulphide  is  analogous  to  the  subsulphides  of  copper  and  lead, 
which  crystallize  in  octahedrons. 

Frtjtofhloride  of  imn  crystallizes  with  4110,  and  is  very  soluble.  Like  all  so- 
luble ferrous  salts,  it  is  of  a  green  colour,  gives  a  green  solution,  and  has  a  great 
avidity  for  ox3'gen. 

Protiodide  ff  iron  is  formed  when  iodine  is  digested  with  water  and  iron  wire, 
the  latter  being  in  excess,  and  is  obtained  as  a  crystalline  mass  by  evaporating  to 
dryness.  It  was  introduced  into  medical  use  by  Dr.  A.  T.  Thomson.  A  piece  of 
iron  wire  is  placed  in  the  solution  of  this  salt  to  preserve  it  from  oxidizing.  The 
protiodido  of  iron  dissolves  a  large  quantity  of  iodine,  without  becoming  periodide, 
as  the  excess  of  iodine  may  be  precipitated  by  starch. 

P rotor 7/nnidr,  of  iron,  C^NFe  or  FeCy,  is  as  difficult  to  obtain  as  the  protoxide 
of  iron.  When  cyanide  of  potassium  is  added  to  a  protosalt  of  iron,  a  yellowish- 
red  precipitate  appears,  which  dissolves  in  an  excess  of  the  alkaline  cyanide,  and 
foniis  the  forrocyanide  of  potassium  (p.  375.).  A  grey  powder  remains  on  dis- 
tilling the  forrocyanide  of  aniuioniuiii  at  a  gentle  heat;  and  a  white  insoluble  sub- 
Stance  on  ditrcsting  recently  precipitated  prussian  blue  in  sulphuretted  hydrogen 
water,  contained  in  a  well-stopped  phial ;  these  products,  although  they  differ  con- 
siderably in  properties,  have  both  been  looked  upon  as  protocyanide  of  iron.  This 
compound  is  also  obtained  as  a  white  deposit  on  boiling  an  aqueous  solution  of 
bydrof«rn •cyanic  acid,  HiFeCya.  The  same  solution  heated  with  red  oxide  of 
mercury  lonns  cyanide  of  mercury  and  white  protocyanide  of  iron.  The  most 
pemarkablo  property  of  this  cyanide  is  its  tendency  to  combine  with  other  cyanides 
of  all  clns>es,  and  to  form  double  cyanides,  or  to  enter  as  a  constituent  into  the 
Bait-radicals,  fcrrocyanogen  and  ferricyanogen,  CyaFe  and  CygFcg. 

Hf/droferrocyanic  acid ;  IlgFeCvj  or  21ICy,FeCy.  This  compound  was  disco- 
Tcred  by  Mr.  Porrett.  It  may  be  obtained  by  decomposing  ferrocyanide  of  barium 
with  sulphuric  acid,  or  ferrocyanide  of  potassium  with  an  alcoholic  solution  of  tar- 
taric acid,  or  ferrocyanide  of  lead  with  hydrosulphuric  acid.  It  is  soluble  in  water 
and  alcohol,  insoluble  in  ether,  and  crystallizes  by  spontaneous  evaporation  in  cubes 
or  four-sided  prisms,  or  sometimes  in  tetrahedrons.  When  dry,  it  may  be  kept 
for  a  long  time  without  alteration  in  close  vessels ;  but  is  decomposed  on  exposure 
to  the  air  with  evolution  of  hydrocyanic  acid,  and  formation  of  prussian  blue. 

Hydroferrocyanic  acid  unites  with  most  salifiable  bases,  forming  the  salts  called 
ferroff/unidesy  whose  general  formula  is  jM2FeCy3,  the  symbol  M  denoting  a  metal. 
The  ferrocyanides  of  ammonium,  potassium,  sodium,  barium,  strontium,  calcium, 
and  magnesium,  dissolve  readily  in  water;  the  rest  are  insoluble  or  sparingly 
ioluble.  Some  of  them,  as  the  copper  and  uranium  salts,  are  very  highly  coloured. 
Ferrocyanide  of  potassium  has  been  already  described  (p.  875.) 

Ferrocyanide  ofpotamum  and  iron  ;  KFcgCyj  =  (KFe),(Cy3Fe). — ^The  bluish- 
20 
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Ti-hitc  precipitate  which  falls  on  testinj;:  a  protosalt  of  iron  with  the  fenocyanide 
of  potissium  or  jcUow  prussiato  of  potash,  e.  g.^  with  the  protochloride : 

K,FeCy,  +  FeCl  =  KCl  +  KFe^Cy,. 

It  is  also  ohtained  in  the  form  of  a  white  crystalline  salt  (mixed  with  hisulphate 
of  potasli),  iu  the  preparation  of  hydrocyanic  acid,  by  distilling  ferrocyanidc  of 
potassium  with  dilute  sulphuric  acid : 

2KaFeCys+ GSO3 + GHO  =  3  (KO,  110,2  SO,) + 3HCy + KFe,Cy,. 

Exposed  to"  the  air,  it  absorbs  oxygen  and  becomes  blue.  It  then  affords  fem> 
cyanide  of  potassium  to  water,  and  after  all  soluble  salts  are  removed,  a  compound 
remains,  which  Liebig  names  the  basic  scsqut/emfi'i/anide  of  iron ^  and  roprt'?onts 
by  the  formula  Fe4.o(Cy3Fe) -f  F02O3,  corrcj*pondinc:,  as  will  be  seen  hereafter, 
with  1  eq.  of  prussian  blue  +  1  eq.  of  sesquioxide  of  iron.  This  basic  compoand 
is  dissolved  entirely  by  continued  washing,  and  affords  a  beautiful  deep  blue  solu- 
tion. The  addition  of  any  salt  causes  the  sepanition  of  this  compound.  Its  solu- 
tion may  be  evaporated  to  dryness  without  decomposition.  The  white  femjcyanide 
of  iron  and  potassium  likewise  turns  blue  when  treated  with  chlorine-water  or 
nitric  acid,  being  thereby  converted  into  ferrieyanidc  of  iron  and  potassium 
CKFe,Oy«). 

2KFc,Cy3  -V  CI  =  KFe,Cy«  4  •  KCl. 

This  latter  compound,  which  when  dry  is  of  a  beautiful  violet  colour,  may  be  re- 
garded as  ferricyanide  of  potassium,  KjFcjC^j,  iu  which  2  eq.  of  potastium  are 
replaced  by  iron  (Williamson). 

Fcrriryamde  of  iron,  TurnhuWi  blue;  Yc^(Qs^o^.  —  This  is  the  beautiful 
bhic  precipitate -which  falls  on  adding  the  ferricyanide  of  potassium  (red  prussiate 
of  potash)  to  a  protosalt  of  irun.  It  is  formed  by  the  substitution  of  3  et].  of  iron 
for  the  3  eq.  of  potassium  of  the  latter  s;ilt  (p.  376).  The  same  blue  pRKiipitaie 
may  be  obtained  by  adding  to  a  protosalt  of  iron  a  njixture  of  yellow  pruiii:itc  of 
potash,  chloride  of  soda,  and  hydrochloric  acid.  The  tint  of  this  blue  is  lishkT 
and  more  delicate  than  that  of  prussian  blue.  It  is  occasionally  used  by  the 
calico-printer,  who  mixes  it  with  permuriate  of  tin,  and  prints  the  mixture,  wbicii 
is  iu  a  great  measure  soluble,  upon  Turkey-red  cloth,  raiahif/  the  blue  colour  aftl'^ 
wards  by  passing  the  cloth  through  a  solution  of  chloride  of  lime  contaiuiii;^  la 
excess  of  lime.  The  chief  object  of  that  operation  is  indeed  different,  nauiciy,  to 
discharge  the  red  and  produce  white  patterns,  where  tartaric  acid  is  printed  upon 
the  cloth ;  but  it  has  also  the  effect  incidentally  of  precipitating  the  blue  pijcrwent 
and  peroxide  of  tin  together  on  the  cloth,  by  neutralizing  the  acid  of  the  permo- 
riatc  of  tin.  This  blue  is  believed  to  resist  the  action  of  alkalies  longer  tbao 
ordinar}'  prussian  blue.  It  is  distinguished  from  prussian  blue  by  yielding,  when 
treated  with  caustic  potash  or  carbonate  of  potash,  a  solution  of  ferrocyanide  of 
potassium,  and  a  residue  of  ferroso-ferric  oxide : 

3Fe,Cy6  +  4K0  =  2K2FeCy5  +  FeA; 

whereas  prussian  blue  treated  in  the  same  manner  yields  ferric  oxide  (William.«on). 
Cnrbonate  of  iron  is  obtained  on  adding  carbonate  of  soda  to  the  protosulpbate 
of  iron,  as  a  whit<)  or  greonish-white  precipitate,  which  may  be  washed  and  pre- 
served in  a  humid  condition  in  a  close  vessel,  but  cannot  bo  dried  without  losing 
carbonic  acid  and  becoming  sesquioxide  of  iron.  It  is  soluble,  like  the  oarbootte 
of  lime,  in  carbonic  acid  water,  and  exists  under  that  form  in  most  natural  chalj- 
beates.  Carbonate  of  iron  occurs  also  crystallized  in  the  rhombohedral  form  of 
calc-spar,  forming  the  mineral  spathic  iron,  which  generally  contains  portioDS  of 
the  carbonates  of  lime,  magnesia,  and  manganese.  It  is  generally  of  a  creim 
colour  or  black,  and  its  density  rarely  exceeds  3*8.     This  anhydrous  ctzbouto 
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absorb  oxyjijcn  from  the  air.  Carbooate  of  iron  is  also  the  basis  of  clay 
;.     There  is  no  carbonate  of  the  scsquioxiJc. 

ulphatc  of  irony  Ferrous  sulphate^  Green  vitriol^  Copperas;  FeO.SO,, 
HO;  76  +  03  or  950  +  787-5.  — This  salt  may  be  formed  by  dissolving 
ulphuric  acid  diluted  with  4  or  5  times  its  bulk  of  water,  filtering  the 
vhilc  hot,  and  setting  it  aside  to  crystallize.  But  the  large  quantities  of 
of  iron  consumed  in  the  arts  are  prepared  simultaneously  with  alum,  by 
tion  of  iron  p}Tites  ^p.  422). 

•mmcreial  salt  forms  large  crystals,  derived  from  an  oblique  rhomboidal 
aich  effloresce  slightly  in  dry  air,  and,  when  at  all  damp,  absorb  oxygen 
ue  of  a  rusty  red  colour ;  hence  the  origin  of  the  French  term  couperose 
3  this  salt,  and  corrupted  in  our  language  into  copperas.  If  these  crys- 
ruslicd  and  deprived  of  all  hygrometric  moisture  by  strong  pressure 
folds  of  cotton  cloth  or  filter  paper,  they  may  afterwards  be  preserved  in 
without  any  change  from  oxidation.  Of  the  7H0  which  sulphate  of  iron 
it  loses  GHO  at  288°,  but  retains  1  eq.  even  at  535°.  It  may,  however, 
red  perfectly  anhydrous,  with  proper  caution,  without  any  appreciable 
:id.  The  anhydrous  salt  is  also  obtained  in  very  small  crystalline  scales 
•sing  the  hyd rated  crystals  in  strong  boiling  sulphuric  acid,  and  leaving 
1  to  cool.  The  salt  was  observed  by  Mitscherlich  to  crystallize  at  176°, 
3,  in  a  right  rhombic  prism,  like  the  corresponding  sulphate  of  manga- 
rhen  its  solution  containing  an  excess  of  acid  is  evaporated  by  heat,  a 
list  is  deposited,  which,  according  to  Kuhn,  contains  3H0.  The  sul- 
iron  appears  to  form  neither  acid  nor  basic  salts.  One  part  of  copperas 
to  dissolve  it,  the  following  quantities  of  water,  at  the  particular  tempe- 
idicated  above  each  quantity,  according  to  the  observations  of  Brandes 
haber : —  , 

°     59°     75-2°     109-4°     114-°     1400°     183-2°     194°     212° 
I    143      0.87       0-66       0-44      0-38         0.37      0-27     0-30 

s  sulphate  undergoes  decomposition  at  a  red  heat,  changing  into  ferric 
and  leaves,  after  all  the  acid  is  expelled,  the  red  sesquioxide  known  as 
.  This  sulphate,  like  all  the  magnesian  sulphates,  forms  with  sulphate 
.  a  double  salt  containing  6H0.  A  solution  of  the  sulphate  of  iron 
itric  oxide,  and  becomes  quite  black ;  according  to  Peligot,  it  takes  up 
1  the  proportion  of  9  parts  to  100  anhydrous  salt,  or  one-fourth  of  an 
It  (p.  257). 

ntrafe  of  iron,  Frrrotta  nitrate,  may  be  formed  by  dissolving  the  prote- 
in cold  dilute  nitric  acid ;  the  solution  evaporated  in  vacuo  yields  pale 
ry  soluble  crystals.  The  solution  of  the  neutral  salt  is  decomposed  near 
ig  heat,  with  evolution  of  nitric  acid  and  copious  precipitation  of  a  ferric 
e.  Iron  turnings  dissolve  in  dilute  nitric  acid  and  form  the  same  salt, 
jvolution  of  gas,  the  water  and  acid  being  decomposed  in  such  a  manner 
Q  ammonia,  at  the  same  time  that  they  oxidate  the  iron. 
lactate  of  iron,  Ferrous  acetate,  is  obtained  by  dissolving  the  metal  or  its 
in  acetic  acid.     It  forms  small  green  prisms  which  decompose  very  readily 

« 

ite  of  potash  a'nd  iron,  PotassiO'/trrous  tartrate,  is  prepared  by  boiling 
of  potash  with  half  its  weight  of  iron  turnings  and  a  small  quantity  of 
Hydrogen  is  evolved,  and  a  white,  granular,  sparingly  soluble  salt  formed 
ickens  in  the  air  from  absorption  of  oxygen.  It  is  used  medicinally, 
of  this  salt  is  not  precipitated  by  hydrate  or  carbonate  of  potash. 

8ESQUIC0MP0UND8  OP   mON ;   FERRIC   COMPOUNDS. 

wm/c  of  iron;  Peroxide  of  iron;  Ferric  oxidcy  80  or  1000.  —  Occurs 
idaotly  in  nature :  1.  as  oligistic  or  specular  iron,  in  crystals  derived 


152  IRON. 

from  a  rhombohedron  very  near  the  cube,  which  are  of  a  brilliant  metallic  black 
and  hiffhly  iridescent.  Tlicir  powder  is  red ;  their  dcDsity,  from  501  to  5-22. 
This  oxide  forms  the  celebrated  Elba  ore.  —-2.  As  red  hrmatitv^  in  fibrous,  mam- 
millated,  or  kidney-shaped  masses,  of  a  dull  red  colour,  very  hard,  and  of  sp.  <rr. 
from  4-8  to  5-0.  This  mineral  when  cut  forms  the  burnishers  of  bloodstone.— 3. 
alf>o  in  combination  witii  water,  as  broirn  heviatife,  which  is  much  more  abun- 
dantly diffused  than  the  anhydrous  sesquioxide,  the  frranular  variety  .«*upplyiii.:j;, 
according  to  M.  Berthier,  more  than  three-fourths  of  the  irou-fumaecs  in  France. 
Its  density  is  3 -922  ;  its  powder  is  brown  with  a  shade  of  yellow,  and  it  dissolvei 
readily  in  acid,  which  the  anhydrous  sesquioxide  does  not.  From  anaKses  by  Df. 
Thomson  and  M.  Berthier,  this  mineral  appears  to  unite  with  1  eq.  of  water,  u 
HCFcjOs,  analogous  to  the  magnetic  oxide  of  iron,  FeO-FojOj.  The  hydrated 
sesijuioxide  produced  by  the  oxidation  of* iron  pyrites,  of  which  it  retains  tbe 
form,  contains  1  eq.  of  water,  or  10*31  per  cent.,  and  that  from  the  oxidation  of 
the  carbonate  of  iron,  3  e(|.  of  water,  or  14-71  per  cent.,  to  2  eq.  of  sesquioxide 
(Mitscherlich,  Ltlirluchj  H.  23,  1840).  The  hydrat^j  is  the  yelluw  colouring 
matter  of  clay,  and  with  silica  and  clay  it  forms  the  several  varieties  of  «»chro. 

When  metallic  iron  is  oxidated  gradually  in  a  large  quantity  of  water,  there 
forms  around  it  a  light  precipitate  of  a  bright  orange  yellow  colour,  which,  acconi- 
ing  {o  Berzelius,  is  a  ferric  hydrate,  and  of  which  the  empirical  formula  is  2FeiO| 
-f  3H0,  the  usual  composition  of  brown  hematite.  When  iron  is  oxidated  in 
deep  water,  it  is  converted,  according  to  E.  Davy,  into  the  magnetic  oxide,  vbick 
is  possibly  formed  by  cementation  from  the  hydrated  sesquioxide.  The  hydntcd 
sesquioxide  is  also  obtained,  by  precipitation  from  ferric  salts,  by  ammonia  and  bj 
hydrated  or  carbonated  alkali ;  but  never  pure,  as  when  an  insufficient  quantitr 
of  alkali  is  added,  a  sub-salt  eontmning  acid  is  precipitated ;  and  when  the  alktu 
is  added  in  excess,  a  portion  of  it  goes  down  in  combination  with  the  oxide,  aod 
cannot  be  entirely  removed  by  washing.  AVhcn  ammonia  is  used,  the  wattTaad 
excess  of  the  precipitant  may  be  expelled  by  ignition,  and  the  pure  seitquiuxide 
obtained.  The  latt^'r  is  not  magnetic,  and  after  ignition  dissolves  with  difficulty 
in  acids.     When  ignited  strongly,  it  loses  oxygen  and  becomes  magnetic. 

Ferric  oxide  and  its  compounds  are  strictly  isomorphous  with  alumina  and  tie 
compounds  of  that  earth,  and  remarkably  analogous  to  them  in  prupertio3.  Itii 
a  weak  base,  of  which  the  salts  have  a  strong  acid  reaction,  and  arc  decompoNd 
by  all  the  magnesian  carbonates,  as  well  as  by  the  niagnesinn  oxides  thcmwkeL 
The  solution  of  its  salts,  which  are  neutral  in  composition,  have  generally  a  yelKy* 
tint ;  but  they  are  all  capable,  when  rather  concentrated,  of  dissolving  a  grett 
excess  of  ferric  oxide,  and  then  become  red.  Very  dilute  solutions  of  the  nea- 
tral  salts  of  ferric  oxide  arc  decomposed  by  ebullition,  and  the  oxide  entirely  pc^ 
cipititetl,  the  acid  of  the  salt  then  uniting  with  water  as  a  base  (Schcerer). 

Iron  is  most  conveniently  distinguished  by  tests,  or  precipitated  for  quantitativi 
estimation,  when  in  the  state  of  sesquioxide.  The  solution  of  a  ferrous  «!!■ 
usually  oxidized  by  transmitting  a  current  of  chlorine  through  it,  or  by  addinzti 
it,  at  the  boiling  point,  nitric  acid,  in  small  quantities,  so  long  as  effcrvesceiKC  ii 
occasioned  from  the  escape  of  nitric  oxide.  Alkalies  and  alknh'ne  carh^tlf* 
throw  down  a  red-brown  precipitate  of  hydrated  sesquioxide.  Ifytiroftiij^v^ 
acid  convert.s  a  sosquisalt  of  iron  into  a  protosalt,  with  precipitation  of  suIjAbt. 
Ftrrnri/anidf:  of  jHjfnssium  throws  down  prussian  blue,  but  the  ferrio}-aDide  k* 
no  effect  upon  ferric  salts  beyond  slightly  changing  the  colour  of  the  sohtk* 
SuJp/iort/anide  of  pfttasaium  produces  a  deep  wine-red  solution  with  ferric  sJtfc, 
which  becomes  perfectly  colourless  when  considerably  diluted  with  water,  proriW 
the  iron  salt  is  not  in  great  excess.  Infusion  ofjaU-nuU  produces  s  UoilhJdKk  \ 
precipitate  —  the  basis  of  common  writing  ink. 

A  remarkable  insoluble  modification  of  the  hydrated  sesquioxide  is  pivdaetdlf 
boiling  the  ordinary  hydrate  (precipitated  from  the  chloride  of  ammoDia')  in  writf 
for  7  or  8  hours.     The  colour  then  changes  from  ochre-ycUow  to  brick-icdy  arf 
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the  hydrate  thus  altered  is  scarcely  acted  upon  by  strong  boiling  nitric  acid,  and 
but  very  slowly  by  hydrochloric  acid.  In  acetic  acid,  or  dilute  nitric  or  hydro- 
chloric acid,  it  dissolves,  forming  a  red  liquid,  which  is  clear  by  transmitted,  but 
turbid  by  reflected  light;  is  precipitated  by  the  smallest  quantity  of  an  ulkali-salt 
or  a  sulphate ;  and  on  addition  of  strong  nitric  or  hydrochloric  acid,  yields  a  red 
granular  precipitate  which  re-dissolves  on  diluting  the  liquid  with  water.  The 
modified  hydrate  does  not  form  prussian  blue  with  ferrocyanide  of  potassium  and 
acetic  acid.  It  appears  to  be  FeaOj.HO,  the  ordinary  precipitated  hydrate,  after 
drying  in  vacuo,  being  2Fea03.3HO.  This  insoluble  hydrate  is  likewise  precipi- 
tated when  a  solution  of  the  ordinary  hydrate  in  acetic  acid  is  rapidly  boiled. 
The  same  solution,  if  kept  for  some  time  at  21 12°  in  a  close  vessel,  becomes  light 
in  colour,  no  longer  forms  prussian  blue  with  ferrocyanide  of  potassium,  or  exhibits 
any  deepening  of  colour  on  addition  of  a  sulphocyanido ;  strong  hydrochloric  or 
nitric  acid,  or  a  trace  of  an  alkali-salt,  or  sulphuric  acid,  throws  down  all  the  ferrio 
oxide  in  the  form  of  the  insoluble  hydrate.*  It  has  also  been  observed  that  ferrio 
hydrate  becomes  crystalline  and  less  soluble  by  long  immersion  in  water^  and  by 
exposure  to  a  Jow  temperature. 

Black  or  magnctw  oxide  of  irorty  Fcrroio-ferric  oxide,  FeO.FeaOj,  an  import- 
ant ore  of  iron,  is  a  compound  of  the  two  oxides.  It  crystallizes  in  regular  octo- 
hedrons.  In  this  compound,  the  sesquioxido  of  iron  may  be  replaced  by  alumina 
and  by  oxide  of  chromium,  and  the  protoxide  of  iron  by  oxide  of  zinc,  magnesia, 
and  protoxide  of  manganese,  without  change  of  form.  It  was  produced  artificially, 
by  Liebig  and  W^uhler,  by  mixing  the  dry  protochloride  of  iron  with  an  excess  of 
carbonate  of  soda,  calcining  the  mixture  in  a  crucible,  and  treating  the  mass  with 
water.  The  double  oxide  then  remains  as  a  black  powder,  which  may  be  washed 
ind  dried  without  further  oxidation.  The  same  chemists,  by  dissolving  the  black 
oxide  in  hydrochloric  acid,  and  precipitating  by  ammonia,  obtained  a  hjdrate  of 
the  double  oxide.  It  was  attracted  by  the  magnet,  even  when  in  the  state  of  a 
Qocculent  precipitate  suspended  in  water.  When  ignited  and  anhydrous,  this 
double  oxide  is  much  more  magnetic  than  iron  itself. 

Scak-oxide,  6FeO  .  FcjOj.  —  When  iron  is  heated  to  redness  in  contact  with 
air,  two  layers  of  scale-oxide  are  formed,  which  may  be  easily  separated.  The 
inner  layer,  which*has  the  composition  just  given,  is  blackish  grey,  porous,  brittle^ 
and  attracted  by  the  magnet.  The  outer  layer  contains  a  larger  proportion  of 
ferric  oxide ;  it  is  of  a  reddish  iron-black  colour,  dense,  brittle,  yields  a  black 
powder,  and  is  more  strongly  attracted  by  the  magnet  than  the  inner  layer.  The 
proportion  of  ferric  oxide  in  the  outer  layer  is  between  32  and  37  per  cent.,  and 
DD  the  very  surface  as  much  as  52-8  per  cent.  (Mosander).  The  specific  gravity 
of  the  scale-oxide  is  5 -48  (Boullay). 

S^*quiiivij}hid€  of  iron,  or  Ferric  sulphide,  Fe^Sj,  corresponding  with  the 
icsquioxide,  may  be  prepared  by  pouring  a  solution  of  a  sesquisalt  of  iron,  drop 
by  drop,  into  a  solution  of  an  alkaline  sulphide,  the  latter  being  preserved  in 
excess.  At  a  low  red  heat,  it  loses  2-9ths  of  its  sulphur,  and  becomes  magnetic 
pyrites.  The  common  yellow  iron  pyrites  is  the  bisulphide  of  iron.  It  crystallizes 
tn  cubes  or  other  forms  of  the  regular  system;  its  density  is  4*981.  It  may  be 
foriued  artificially  by  mixing  the  protosulphide  with  half  its  weight  of  sulphur, 
knd  distilling  in  a  retort  at  a  temperature  short  of  redness.  The  metallic  sulphide 
3ombines  with  a  quantity  of  sulphur  equal  to  that  which  it  already  possesses,  and 
forms  a  bulky  powder  of  a  deep  yellow  colour  and  metallic  lustre,  upon  which 
lulphuric  and  hydrochloric  acids  have  no  action.  This  sulphide  appears  to  be  of 
I  stable  nature,  but  the  lower  sulphides  of  iron  oxidate,  when  moistened,  with 
^rcfft  avidity.  Stromeyer  found  the  native  magnetic  sulphide  of  iron  to  consist 
)f  100  parts  of  iron  combined  with  68  of  sulphur;  and  the  sulphide  left  on  dis- 
illing  iron  with  sulphur  at  a  high  temperature,  to  be  of  the  same  composition.   It 

■ 

*  P6an  de  St.  Giles,  Ann,  Ck,  Phyt,  [8].  xItI.  47. 


454  IRON. 

may  be  viewed  as  5Fe  S.  FcjSs  (Berzclius ).     It  is  said  to  be  this  compound  wLich 
is  almost  always  formed  when  sulphide  of  iron  is  prepared  iu  the  usuul  manner. 

Stmuichloridc  of  iron,  Fr.rric  chloride,  Fo,  CI3,  is  formed  when  iD>n  is  burned 
in  an  excess  of  chlorine.     It  is  volatile  at  a  red  heat.     Its  sijlutiun,  which  i«  usvi 
in  medicine,  is  obtained  by  dissolving  the  hydnitcd  sesquioxidc  of  iron  in  diluie 
hydrochhiric  acid.     AVhen  greatly  concentrated,  the  solution  of  sesciuichluriJc  vf 
iron  yields,  sometimes  orange-yellow  crystalline  needles,  radiating  from  a  centre, 
which  are  Fc^Clg  -f  12110,  at  other  times,  largo   dark  yellowish-red  cry.-ttiLs 
FegCla  +  SHO.     Mixed  with  sal-ammoniac,  and  evajwratcd  in  vacuo,  it  affynh 
beautiful   ruby-red  octohcdral  crystals,  consisting  of  2   cij.  of  chluride  of  am- 
monium,   and   1   eq.   of  scsquichloride  of  iron,   with   2   ei|.   of  water,   Fo,f.-l, 
2NIl4Cl-f  2110.     Of  this  water,  the  double  salt  loses  1  e<|.  at   15u^,  and  the 
other  when  dried  above  ;>0U°  (^Oraham).     There  is  a  similar  double  salt,  contain- 
ing chloride  of  potassium,  but  not  so  easily  formed.     iSes<|uichluride  of  ir.  u  v 
soluble  both  in  alcohol  and  ether.     A  strong  a<iueous  solution  was  found  by  Mr. 
R.  Phillips  to  dissolve  not  less  than  4  cq.  of  freshly  precipitated  ferric  hydnio, 
becoming  deep  red  and  opaque.  , 

Sfstiui- iodide  of  iron  is  formed  iu  similar  circumstances  to  the  preceding  »es4|ai- 
chloride. 

Sfsquiri/anidc  of  iron,  Ferric  c7/anide,  FcjCyj,  is  unknown  in  the  pure  state. 
A  solution  of  it,  which  is  decomposed  by  evaporation,  is  obtained  by  precipitati&|: 
the  potash  of  the  red  prussiate  of  fluoride  of  silicon.  It  forms  a  numerous  cli?« 
of  double  cyanides.  A  compound  of  the  two  cyanides  of  iron,  like  the  euuijHiunJ 
oxide,  is  obtained  as  a  green  powder,  when  a  solution  of  tlie  yellow  pnissiati!  of 
potash,  charged  with  excess  of  chlorine,  is  heated  or  exposed  to  air.  The  precipi- 
tate should  be  boiled  with  eight  or  ten  times  its  weight  of  concentrated  hydnh 
chloric  acid,  and  well  washed.     Its  formula  is,  FeCy.FejC^j  -f  4110.* 

ITf/droferriryanic  acid  ;  lljFeaCys,  or  ll3.(CyjFe)2,  or  oHl'y.Fo,^ -y,,  is  obtained 
by  decomposing  ferri cyanide  of  lead  with  sulphuric  or  hydrosulphuric  acid.  The 
decanted  yellow  solution  yields,  by  careful  evaporation,  brownish  needles,  which 
n^dden  litmus  strongly,  and  have  a  rough  sour  taste.  This  solution  gives  a  deep 
blue  precipitate  (Turnbull's  blue),  with  ferrous  salts.  This  acid,  united  with 
salifiable  bases,  forms  the  ferric^ n  ides,  MaFe^C^v  The  potassiilm  salt  is  described 
on  p.  370. 

Fntssian  blue,  Fcj  •  SCCygFe),  or  3FeCy.2Fe2ry3.  —  This  remarkable  substance 
is  precipitated  whenever  the  yellow  prussiate  of  potash  is  added  to  a  scsqoisalt 
of  iron.     Thus  with  the  sesquichloride : 

3K,FeCy3+  2Fe,Cl5  =  Fe,.3(Cy,Fe)  +  GKClj. 

Care  must  be  t^iken  to  avoid  an  excess  of  the  yellow  prussiate,  as  the  precipiute 
is  apt  to  carry  down  a  portion  of  that  Sidt.  Tiie  precipitate  also  contains  water 
which  cannot  be  separated  from  it  without  decompositit»n.  On  the  large  sfcile, 
priLssian  blue  is  sometimes  prepared  by  precipitating  green  vitriol  with  yellow 
prussiate  of  potash,  and  subjecting  the  white  precipitate,  KFe2(  Vj,  to  the  aeliiW 
of  oxidizing  agents,  nuch  as  chlorine  or  nitric  acid.  This  proeoss,  however,  i» 
likely  to  yield  fcrricyanide  of  iron  and  potassium,  KFe^Cy^  (p.  40.),  rather  ihu 
prussian  blue,  properly  so  called. 

Prussian  blue,  dried  at  the  temperature  of  the  air,  is  a  light  porous  body,  of  » 
rich  velvety  blue  colour^  dried  at  a  higher  temperature  it  is  more  compact,  ind 
cxhibitij  in  mass  a  coppery  lu.stre.  It  is  tasteless,  and  not  poisonous.  Alkilirt 
decompose  it,  precipitating  sestjuioxide  of  iron  and  reproducing  an  alkaline  fcrr> 
cyanide.  This  renders  prus.sian  blue  of  little  value  in  dyeing,  as  it  is  iDJaredbj 
washing  with  soap.  Red  oxide  of  mercury  boiled  with  prussian  blue,  affonls  tbt 
soluble  cyanide  of  mercury,  with  an  insoluble  mixture  of  oxide  aod  cjaaide  of 

*  Pclouze,  AnxL  Ch.  Phys.  [2],  Ixiz.  40. 
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iron.     Prussian  blue  is  destroyed  by  fuming  nitric  acid,  but  combines  with  oil  of 
Titrioly  forming  a  white  pasty  mass,  which  is  decomposed  by  water. 

The  combination  of  prussian  blue  and  sesquioxide  of  iron,  called  basic  prussian 
hluey  was  noticed  at  page  450. 

Although  there  is  no  carbonate  of  the  sesquioxide  o/iroji,  the  hydrated  sesqui- 
oxide is  dissolved  by  alkaline  bicarbonates,  under  certain  conditions  which  are  not 
well  understood;  and  a  red  solution  is  formed. 

Ferric  sulphates.  —  The  neutral  sulphate,  FcgOa-SSOa,  is  formed  by  adding  to  a 
solution  of  the  protosulphate,  half  as  much  sulphuric  acid  as  it  already  contains, 
and  oxidizing  by  nitric  acid.  It  gives  a  syrupy  liquid,  without  crystallizing. 
This  salt  is  found  native  in  Chili,  forming  a  bed  of  considerable  thickness.  It  is 
generally  massive,  but  forms  also  six-sided  prisms,  with  right  summits,  which  are 
colourless,  and  contain  OHO  (Hose).  Ferric  sulphate  is  soluble  in  alcohol.  It 
may  be  rendered  anhydrous  by  a  low  red  heat ;  but  after  ignition,  it  dissolves  in 
water  with  extreme  slowness,  like  calcined  alum. 

When  hydrated  ferric  oxide  is  digested  in  the  neutral  sulphate,  a  red  solution 
is  formed,  which,  according  to  Maus,  is  the  compound  FcaOa .  2»S03.  The  rusty 
precipitate  which  is  formed  in  a  solution  of  the  protosulphate  from  absorption  of 
oxygen,  is  another  subsulphate,  of  which  the  empirical  formula  is  2Fea03.  SOs. 
The  decomposition  may  be  represented  by  the  following  equation :  — 

lOCFeO.SOj)  +  50  =  2FeA.S03  +  3(FeA.3S03). 

The  neutral  ferric  sulphate  remains  in  solution. 

A.  potassio-ferric  sulphate ^  or  iron  a/i/m,  is  formed  by  evaporating  a  solution  of 
the  mixed  salts  to  their  point  of  crystallization.  It  is  colourless  and  exactly 
analogous  in  composition  to  ordinary  alum  (p.  422.).  Its  formula  is  KO  '  SOs  + 
FeA  SSO, -f  24HO. 

Another  double  sulphate  is  formed,  which  crystallizes  in  large  six-sided  tables, 
and  of  which  the  formula  is  2(K0  •  SO^  +  FeA  *  2SOs  +  6H0  (Maus),  when 
potash  is  added  gradually  to  a  concentrated  solution  of  ferric  sulphate,  till  the 
precipitate  formed  ceases  to  redissolve,  and  the  solution  is  evaporated  in  vacuo. 

Berzelius  designates  as /erroso-ferric  sulphate  a  combination  containing  FeO  • 
SOa  4-  Fe^Os  •  3SO3.  It  is  the  salt  produced  when  a  solution  of  the  neutral  pro- 
tosulphate of  iron  is  exposed  to  the  air,  till  no  more  ochre  is  precipitated.  The 
solution,  which  is  yellowish  red,  does  not  crystallize,  but  gives  the  black  oxide  of 
iron  when  precipitated  by  an  alkali.  A  salt  of  the  same  constituents,  but  in 
different  proportions,  forms  large  stalactites,  composed  of  little  transparent  crystals, 
in  the  copper  mine  of  Fahlun,  This  last  is  represented  by  3FeO*2S03-t- 
3(FeA  •  2SO3)  +  36HO  (Berzelius). 

Ferric  nitrate.  —  By  dissolving  iron  in  nitric  acid,  without  heat,  as  in  Sohcen- 
bein's  experiments  (page  447),  a  salt  is  obtained  in  large,  transparent,  colourless 
crystals.  From  more  than  one  analysis,  Pelouze  found  the  constituents  of  this 
Bait  to  be  in  the  proportion  of  2Fe203.3N05  +  IJHO.  Its  solution  is  decomposed 
by  heat,  with  deposition  of  ferric  oxide.  Ordway*,  by  digesting  metallic  iron  in 
nitric  acid  of  sp.  gr.  1-20,  obtained,  first  a  greenish  solution,  then  a  red,  and  ulti- 
mately a  rusty  brown  precipitate;  and  on  adding  an  equal  volume  of  nitric  acid 
of  sp.  gr.  1*43  as  soon  as  the  last  precipitate  began  to  form,  and  cooling  the  liquid 
below  60°, — or  by  evaporating  the  greenish  solution,  adding  a  large  excess  of 
nitric  acid  and  cooling, — colourless,  oblique,  rhombic  prisms,  were  formed  coutain- 
inij  FcjOg  •  3N0j  -f-  18110 ;  they  were  deliquescent,  sparingly  soluble  in  nitric 
acid,  melted  at  about  116°  to  a  red  liquid,  and  gave  off  their  acid  partly  at  212°, 
completely  at  a  red  heat.  Two  ounces  of  these  crystals  pounded  and  mixed  with 
an  equal  weight  of  pulverized  bicarbonate  of  ammonia,  produced  a  fall  of  tempe- 

♦  Bill  Am.  J.  [2],  ix.  80. 
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rature  from  -f  58**  to  —  5°.  By  adding  this  compound  to  recently  precipitated 
ferric  hydnite,  Ordway  obtained  basic  salts  containiDg  from  1  to  8  eq.  oxide  to  I 
cq.  acid.  The  solutions  of  these  salts  were  of  a  deep  red  colour;  were  not  deoim- 
posud  by  boiling  or  dilution ;  but  when  they  contained  a  large  excess  of  oxide, 
were  decomposed  by  the  addition  of  chloride  of  sodium  and  other  salts.  Hulls' 
mann,*  by  evaporating  the  solution  of  iron  in  nitric  acid  to  a  syrup,  adding  half 
the  volume  of  strong  nitric  acid,  and  leaving  the  solution  to  crystallize,  obtained 
colourless  prisms  containing  FcjOs-SNOs  +  12110.  By  mixing  a  very  concen- 
trated solution  of  this  neutral  salt  with  water  till  the  colour  became  reddish  TelloWy 
then  boiling,  and  adding  nitric  acid  after  cooling,  an  ochre-coloured  precipitate 
was  formed,  containing  SFc^Os  •  ^NOg  +  3110.  By  adding  a  very  large  quautitj 
of  water  to  a  highly  concentrated  and  slightly  acid  solution  of  the  nitrate,  an  ochrd> 
coloured  precipitate  was  sometimes  formed,  containing  3GFe,0j.NO*  -f  45*110. 
By  treating  iron  in  excess  with  nitric  acid^  a  precipitate  was  obtained  havius:  the 
composition  SFeA-NO'  +  12H0. 

Ferric  oxalate  is  very  soluble  and  does  not  crystallize.  It  forms  a  double  silt 
with  oxalate  of  potash,  of  a  rich  green  colour,  of  which  the  formula  is  3(K0.C/),) 
•f  Fe203.3Ca05  4-  6H0.  The  crystals  effloresce  in  dry  air.  In  this  double  ^dt, 
the  ferric  oxide  may  be  replaced  by  alumina  or  oxide  of  chromium.  This  salt  ii 
formed  by  dissolving  hydra  ted  ferric  oxide  to  saturation  in  bioxalate  of  potvh 
(salt  of  sorrel),  and  crystallizes  readily  from  a  concentrated  solution.  The  cin*am* 
stance  of  its  being  the  salt  of  sesquioxide  of  iron  most  easily  obtained  and  pre- 
served in  a  dry  state,  should  recommend  it  as  a  pharmaceutical  preparation. 

The  henzoatc  and  sucdnate  of  ferric  oxide  are  insoluble  precipitates.  HenM 
the  benzoate  and  succinate  of  ammonia  arc  employed  to  separate  iron  from  mio- 
ganese.     As  both  these  precipitates  arc  dissolved  by  acids,  the  iron  solution  bhooU 

be  made  as  neutral  as  possible.     The  formula  of  the  succinate  is,  Fe203.S. 

Ferric  acid,  FeO,.  —  This  compound,  which  is  analogous  to  manganic  acid,  il 
obtained  in  the  form  of  a  potash-«alt  by. exposing  metallic  iron  or  ferric  oxide  to 
the  action  of  powerful  oxidizing  agents.  1.  A  mixture  of  1  part  iron-filings  aod 
2  parts  nitre  is  projected  into  a  capacious  crucible  kept  at  a  dull  red  heat,  and  the 
crucible  removed  from  the  fire  as  soon  as  the  mixture  begins  to  deflagrate  aod 
fonn  a  white  cloud  ]  if  the  heat  is  too  strong,  the  compound  decomposes  as  £ut 
as  it  is  formed.  The  soft,  somewhat  friable  mass  of  ferrate  of  potash  thus  olh 
tallied,  may  be  taken  out  with  an  iron  spoon,  and  preserved  in  well  stoppered 
bottles ;  or  the  ferrate  of  putiish  may  be  obtained  in  solution  by  treating  the  fused 
uia^s  with  ice-cold  water,  leaving  the  liquid  to  stand  to  allow  the  undissolved 
ferric  oxide  to  settle  down,  and  then  decanting;  the  solution  must  not  bo  liltered, 
as  it  is  immediately  decomposed  by  contact  with  organic  matter.  2.  Ferrate  of 
potash  is  also  formed  by  igniting  ferric  oxide  with  hydrate  of  potash  in  an  opea 
crucible,  or  with  a  mixture  of  hydrate  of  potash  and  nitre.  3.  Chlonnc  gas  it 
passed  through  a  very  strong  solution  of  caustic  potash  containing  hydrated  feme 
oxide  in  suspension,  fragments  of  solid  potash  being  continually  added  in  order  to 
maintain  a  large  excess  of  alkali  in  the  liquid.  The  ferrate  of  potash,  being 
almost  insoluble  in  the  strong  alkaline  liquid,  is  deposited  in  the  form  of  a  blifik 
powder,  which  may  be  freed  from  the  greater  part  of  the  mother-liquor  by  drjiBg 
It  on  a  plate  of  porous  earthenware.  Ferrate  of  potash  is  a  very  unstable  coa- 
pound,  and  has  not  been  obtained  in  the  crystalline  form.  Ita  solution  is  of  a 
deep  red  colour,  like  that  of  permanganate  of  potash.  The  acid  has  not  been  ob- 
tained in  the  free  state ;  it  appears  indeed  to  bo  scarcely  capable  of  exisUDZ  ii 
that  state,  decomposing,  as  soon  as  liberated,  into  oxygen  and  ferric  oxide.  /Vr- 
rate  of  baryta  is  formed  by  adding  a  solution  of  ferrate  of  potash  to  a  dilate  tolfr 
tion  of  a  baryta-salt ;  it  then  falls  down  as  a  deep  carmine-coloured  precipitate^ 

*  Add.  Ch.  Fborm.  Urzlx.  100. 
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wliicli  may  be  washed  and  dried  without  changing  colour.  It  gives  off  oxygon 
when  heated,  and  is  readily  decomposed  by  acids. 

NUrapruuic  acid ;  FejCysCNOj).  H,.  This  acid  and  its  salts  were  discovered 
by  Dr.  Lyon  Playfair.*  It  is  fomjod  by  the  action  of  nitric  acid  (or  rather  of 
nitric  oxide)  on  hydroferrocyanic  acid  or  a  fcrrocyanide.  The  hydroferrocyanio 
acid  is  first  converted  into  hydroferricyanic  acid  : 

4HaFeCy,  +  NO,  =  2H,Fe,Cy,  +  2H0  +  N ; 

and  afterwards,  by  the  farther  action  of  the  nitric  oxide,  into  nitropmssio  acid : 

H,FeaCy«  +  NO,  =  Fe,Cy5(N0,).H«  +  HCy. 

Cyanogen  is  also  evolved  and  oxamide  deposited ;  but  these  products  are  due  to  a 
secondary  action. 

To  prepare  the  potassium  or  sodium  salt,  fcrrocyanide  of  potassium  (2  eq.)  is 
digested  in  the  cold  with  ordinary  nitric  acid  (5  eq.)  diluted  with  an  equal  bulk 
qi  water,  till  it  is  completely  dissolved ;  the  solution  boiled  till  it  forms  with  fer- 
rous salts  no  longer  a  dark  blue,  but  a  green  or  slate-coloured  precipitate,  and  then 
left  to  crystallize,  whereupon  it  deposits  a  large  quantity  of  nitre,  together  with 
oxamide.  The  strongly  coloured  mother-liquor  is  neutralized  with  carbonate  of 
potash  or  soda  ]  boiled ;  filtered  to  separate  a  green  or  brown  precipitate ;  and 
again  left  to  cry^atallize.  Nitrate  of  potash  or  soda  then  crystallizes  out  first )  and 
afterwards,  by  further  evaporation,  the  nitroprussiate.  The  9o<Uumsalt  crystal- 
lizes nu^t  readily,  forming  large  ruby-coloured  prisms,  which  dissolve  in  2}  parts 
of  water  at  60°,  and  in  a  smaller  quantity  of  hot  water.  From  the  solution  of 
this  salt,  the  silver-salt  may  be  obtained  by  double  decomposition ;  and  this,  when 
decomposed  by  hydrochloric  acid,  yields  nitroprussic  acid.  This  acid  crystallizes 
in  dark  red,  very  deliquescent,  oblique  prisms,  which  dissolve  very  readily  in 
water,  alcohol,  and  ether.     The  aqueous  solution  is  very  prone  to  decomposition. 

The  general  formula  of  the  nitroprussiates  or  nilropnissiiles  is  FcjCysfNOg'j.Ma  if 
the  radical  (which  might  be  called  nitroferrocyanogcii)  may  be  regarded  as  2  eq. 
of  ferrocyanogeu,  or  1  eq.  of  ferricyanogen,  FcjCyg,  in  which  1  eq.  of  cyanogen  is 
replaced  by  nitric  oxide,  NO,.  Most  of  them  are  strongly  coloured ;  the  ammo- 
nium, potassium,  sodium,  barium,  strontium,  calcium,  and  lead  salts,  dissolve 
readily  in  water,  forming  deep  red  solutions  from  which  the  salts  are  not  precipi- 
tated by  alcohol.  The  other  nitroprussiates  arc  insoluble,  or  sparingly  soluble.  A 
solution  of  a  nitroprussiate  forms,  with  the  solution  of  an  alkaline  sulphide,  a 
splendid  blue  or  purple  colour,  which  affords  an  extremely  delicate  test  of  the 
presence,  cither  of  a  nitroprussiate,  or  of  an  alkaline  sulphide. 

QUANTITATIVE  ESTIMATION  OP  IRON. 

Iron  is  always  estimated  in  the  form  of  sesquioxide.  If  the  solution  contuns 
protoxide,  either  alone  or  mixed  with  sesquioxide,  it  is  first  boiled  with  a  sufficient 
quantity  of  nitric  acid  to  convert  the  whole  of  the  protoxide  into  sesquioxide,  and 
then  treated  with  ammonia  in  excess  to  precipitate  the  latter.  The  precipitate  is 
collected  on  a  filter,  washed,  dried,  and  ignited  at  a  moderate  red  heat;  too  high  a 
temperature  expels  a  portion  of  the  oxygen.  Every  10  parts  of  pure  sesquioxide 
eorresponds  to  7  parts  of  metallic  iron.    In  some  cases,  however,  it  is  necessary  to 

♦  PhiL  Trani!.  1849,  u.  477. 

f  This  formula  was  proposed  by  Gerhardt.  riajfair  originally  gaye  the  formula 
F^(ry,,(NO),.Mj;  and  subsequently  {Phil  Mag.  [8.]  xxxtI.  8(J0)  suggested  the  simpler 
fomiuIn«  Fe2Cy5(NO).Mj.  Gerhard^'s  formula,  however,  agrees  quite  as  well  with  the 
annlvHos  of  the  best  defined  nitroprussiates  as  either  of  these,  and  is  more  in  accordance  with 
certain  rcnctions;  tiz.,  that  nitropniusiate  of  sodium,  exposed  to  sunshine,  actually  gives  off 
nitric  oxide :  and  that  when  a  solution  of  the  barium  salt  is  treated  with  red  oxide  of  mer- 
cury, part  of  the  nitrogen  is  converted  into  nitric  acid. 
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use  potash  as  tho  precipitant.  In  that  case,  the  precipitated  ferric  oxide  u  itrj 
apt  to  carry  down  with  it  a  portion  of  the  potash,  which  is  exceedingly  difficult  to 
remove  hy  washing.  It  is  best  therefore,  after  having  washed  it  two  or  three 
times  with  hot  water,  to  re-dissolve  it  in  acid  and  precipitate  by  ammonia.  In 
other  cases,  as  when  the  solution  contains  organic  matter,  tho  iron  most  be  pre- 
cipitated by  sulphide  of  ammonium,  because  such  substances  prevent  the  precipi- 
tation of  the  oxide.  The  precipitated  sulphide,  after  being  washed,  is  then 
dissolved  in  nitric  acid,  and  the  iron  precipitated  by  ammonia  as  before. 

Volumetric  method. — The  quantity  of  iron  in  a  solution  may  also  be  estimated 
by  reducing  it  all  to  the  state  of  protoxide,  either  by  sulphurous  acid  or  by  metallic 
Bine  (in  the  former  case  the  excess  of  sulphurous  acid  must  be  expelled  by  boilin!;), 
and  tncn  adding,  from  a  graduated  burette,  a  quantity  of  solution  of  permangainte 
of  potash,  sufficient  to  convert  all  the  protoxide  of  iron  into  sesquioxdc : 

KO  •  Mn A  +  lOFcO  =  2MnO  +  KO  +  5FeA- 

The  liquid  must  contain  an  excess  of  acid,  to  hold  the  oxide  of  mancanesc  in 
solution.  The  first  portions  of  permanganate  added  produce  no  visible  effect ;  bat 
as  soon  as  all  the  protoxide  of  iron  is  converted  'into  sesquioxide,  the  addition  of 
another  drop  of  the  permanganate  imparts  a  rose  tint  to  the  liquid.  The  nine 
of  the  solution  of  the  permanganate  must  be  previously  ascertained  by  dUsolrinfi; 
1  gramme  of  iron  (harpsichord  wire)  in  hydrochloric  acid,  and  determioiDg  the 
number  of  divisions  of  the  burette  occupied  by  the  quantity  of  the  solution  required 
to  convert  that  quantity  of  iron  into  sesquioxide.  (Margueritte,  Ann,  Ch.  i^jft. 
[3],  18,  244.) 

The  preceding  method  may  also  be  applied  to  determine  the  quantities  of  pn^ 
toxide  and  sesquioxide  of  iron  in  a  solution  when  they  occur  together,  —  viz.,!^ 
first  treating  a  portion  of  the  solution,  as  it  is,  in  the  manner  just  described;  thai 
taking  another  equal  portion,  reducing  all  the  iron  in  it  to  protoxide  by  sulphor 
rous  acid,  and  applying  the  same  method  to  the  solution  thus  reduced.  The  fint 
determination  gives  the  quantity  of  iron  in  the  state  of  protoxide ;  the  second,  the 
total  quantity  present :  the  difference  is  therefore  the  quantity  in  the  fona  d 
sesquioxide. 

Separation  of  iron  from  the  metaU  previously  detcribetl.  —  From  the  aUealki 
and  alkaline  earths^  iron  is  separated  by  ammonia,  after  having  been  brought  te 
the  state  of  sesquioxide.  In  the  case  of  the  alkaline  earths,  care  must  be  takes 
to  add  but  a  slight  excess  of  ammonia,  to  filter  quickly,  and  exclude  the  air  tf 
completely  as  possible  during  the  filtration;  otherwise  the  free  ammonii  viH 
absorb  carbonic  acid  from  the  air,  and  then  throw  down  the  earths  in  the  form  of 
carbonates,  together  with  tho  ferric  oxide.  Should  such  precipitation  occur,— 
which  may  generally  be  known  by  the  colour  of  the  oxide,  —  the  precipitate  flBoH 
be  rc-di»<solved  and  the  treatment  with  ammonia  repeated.  If  the  solution  coi- 
tains  fixed  organic  substances,  such  as  sugar,  tartaric  acid,  &c.,  the  iron  must  bi 
precipitated  by  sulphide  of  ammonium,  and  the  precipitate  treated  in  the  mauMT 
already  described  (p.  457). 

From  alumina  and  (flucinaj  iron  is  separatod  by  potash,  which  predpitatcf  Al 
iron,  but  holds  the  alumina  or  glucina  in  solution.  The  precipitate,  which  almi 
contains  potash^  must  then  be  re-dissolved  in  acid,  and  the  iron  re-precipitated  % 
ammonia. 

The  separation  of  iron  from  zirconia,  yttria^  and  thorina^  is  effected  bvaddiaff 
a  sufficient  quantity  of  tartaric  acid  to  prevent  the  earths  from  being  preci|HttM 
when  the  solution  is  rendered  alkaline,  and  throwing  down  the  iron  bymilpUdtif 
ammonium. 

From  magncMa  and  from  manganous  oxide,  iron  is  most  effeetnallT  Mpualid  If 
succinate  or  benzoate  of  ammonia.  The  solution,  after  all  the  iron  bas  "^ — 
brought  to  the  state  of  sesquioxide^  is  mixed  with  a  aoflkient  qiunlitj  of 
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xnoDiac  to  hold  the  magnesia  or  maDganous  osidc  in  solution,  and  very  carefully 
neutralized  with  ammonia;  it  is  then  treated  with  bcnzoate  or  succinate  of  ammo- 
nia, which  throws  down  the  iron  as  ferric,  bcnzoate  or  succinate,  leaving  the 
magnesia  or  manganous  oxide  in  solution.  Tho  precipitate  is  washed  and  dried, 
and  ignited  in  an  open  platinum  crucible,  so  that  the  air  may  have  sufficient  access  to 
it  to  prevent  any  reduction  of  the  iron  by  the  carbon  of  the  organic  acid.  Should 
such  reduction  take  place,  the  iron  must  be  re-oxidized  by  nitric  acid.  The  suc- 
cess of  tills  mode  of  separation  depends  entirely  on  the  care  with  which  tho  acid 
in  the  solution  is  neutralized  with  ammonia  before  adding  the  bcnzoate  or  succi- 
nate. If  too  much  ammonia  has  been  added,  manganese  or  magnesia  goes  down 
with  the  iron ;  if  too  little,  a  portion  of  iron  remains  in  solution.  The  addition 
of  ammonia  should  be  continued  till  a  small  quantity  of  ferric  oxide  is  precipitated, 
and  does  not  re-dissolve  on  agitation.  The  supernatant  liquid  has  then  a  deep 
brown  colour,  the  greater  part  of  the  iron  being  still  in  the  solution.  The  separa- 
tion of  ferric  oxide  from  manganous  oxide  may  also  be  effected  by  agitating  the 
solution  with  excess  of  carbonate  of  lime  or  baryta,  which  precipitates  the  iron 
but  not  the  manganese.  According  to  J.  Schiel,*  manganese  may  be  separated 
from  iron  by  mixing  the  solution  with  acetate  of  soda  and  passing  chlorine  through 
it ;  bioxide  of  manganese  is  then  alone  precipitated.  The  methods  of  separation 
given  at  page  431,  servo  very  well  for  preparing  a  pure  salt  of  manganese  from  a 
solution  containing  that  metal  together  with  iron,  but  arc  not  adapted  for  quanti- 
tative analysis. 

Aridiumf  This  name  was  given  by  Ullgren  to  a  metal  which  ho  believed  to 
exist  in  the  chrome-iron  ores  of  Ubros  in  Sweden,  and  in  the  iron  ores  of  Ocrns- 
tolso.  Its  characters  very  much  resemble  those  of  iron.  It  forms  two  oxides 
analogous  to  those  of  iron,  and  presenting,  both  with  liquid  reagents  and  with  the 
blowpipe,  characters  which  might  be  exhibited  by  oxides  of  iron  containing  a  littlo 
chromium  (vid.  Ghcm,  Gaz.  ls54,  281));  13ahr(^M«.  Ch.  Fharvi,  Ixxxvii.  264), 
endeavoured  to  prepare  the  supposed  new  uietal  by  Ullgren's  process,  and  came  to 
the  conclusion  that  it  was  merely  iron  containing  a  little  phosphorus,  and  perhaps 
also  chromium. 

SECTION    III. 

COBALT. 

Ep.  29-52,  or  369;  Co. 

Cobalt  occurs  in  tho  mineral  kingdom  chiefly  in  combination  with  arsenic,  as 
arsenical  cobalt,  CoAs ;  or  with  sulphur  and  arsenic,  as  grey  cobalt  ore,  CoAs. 
CoSf,  but  contaminated  with  iron,  nickel,  and  other  metals.  Its  name  is  that  of 
the  Kobolds  or  evil  spirits  of  mines,  and  was  applied  to  it  by  the  superstition" 
miners  of  the  middle  ages,  who  were  often  deceived  by  the  favourable  appearance 
of  its  ores.  These  remained  without  value,  till  the  middle  of  the  sixteenth  ceu- 
tur}',  when  they  were  first  applied  to  colour  glass  blue.  They  are  now  consumed 
in  great  quantity  for  the  blue  colours  of  porcelain  and  stoneware.  Cobalt  is  like- 
wise found  in  almost  all  meteoric  stones. 

To  obtain  metallic  cobalt,  the  native  arsenide  is  repeatedly  roasted,  by  which 
the  greater  part  of  the  arsenic  is  converted  into  arsenious  acid,  and  carried  off  in 
vapour,  while  the  impure  oxide  of  cobalt,  known  as  zaffrey  remains.  This  is  dis- 
solved in  hydrochloric  acid,  and  the  remaining  arsenic  precipitated  as  sulphide, 
by  passing  a  stream  of  sulphuretted  hydrc^n  through  the  solution.     To  get  rid 

*  SclL  Am.  J.  [2],  XT.  276. 
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of  the  iron  present,  the  last  solution,  after  filtration,  is  boiled  with  a  little  nitric 
acid,  to  peroxidize  that  metal ;  and  carbonate  of  potash  is  added  in  excess,  vhich 
throws  down  carbonate  of  cobalt  and  sesquioxido  of  iron.     The  precipitate  n 
treated  with  oxalic  acid,  which  forms  an  insoluble  oxalate  of  cobalt  and  soluble 
ferric  oxalate.     The  oxalate  of  cobalt  is  dried  and  decomposed  bj  ignition  iD  i 
covered  crucible,  when  the  oxide  is  reduced  by  the  carbon  of  the  acid,  wlueh 
goes  oiT  as  carbonic  acid,  while  the  metallic  cobalt  remains  as  a  black  powder.   To 
separate  cobalt  from  nickel,  with  which  it  is  almost  always  associated,  the  mixed 
oxalates  of  cobalt  and  nickel,  obtained  by  the  preceding  process,  are  dissolved  in 
ammonia,  after  which  the  liquid  is  diluted  and  exposed  to  the  air  in  a  shallow 
basin  for  several  days.     The  ammonia  evaporates,  and  the  salt  of  nickel  precipi- 
tates as  a  green  powder,  while  the  salt  of  cobalt  remains  in  solution.     The  liqoiil 
is  then  decanted,  and  if  no  additional  precipitate  subsides  from  it  in  twenty-four 
hours,  it  is  free  from  nickel,  and  may  be  evaporated  to  dryness.     The  precipitate 
of  nickel  contains  a  little  cobalt.* 

Cobalt  is  a  brittle  metal,  of  a  reddish  grey  colour,  somewhat  more  fusible  than 
iron,  and  of  the  density  8-5131  (Berzclius).  Rammelsbcrg,  in  five  experiments 
witlv  cobalt  reduced  by  hydrogen,  found  the  specific  gravity  to  vary  from  8*132 
to  9*495 ',  the  moan  is  8-957.  Pure  cobalt  is  magnetic,  but  a  minute  quantity  of 
arsenic  causes  it  to  lose  that  property. 

Cobalt  is  less  oxidable  in  the  air  or  by  acids  than  iron,  dissolving  slowly  in 
diluted  hydrochloric  or  sulphuric  acid,  when  heated,  with  evolution  of  hydrogco; 
but  it  is  readily  oxidized  by  nitric  acid.  This  metal  forms  a  protoxide  and  se:iqai- 
oxidc,  CoO,  and  CojOj,  corresponding  with  the  oxides  of  iron,  and  three  inter- 
mediate oxides,  viz.,  C05O4  =  CoO.CojOsj  CobO,  = -ICoO.CoiOj ;  and  Cog(^= 
6C0O.C02O3.  According  to  Frcniy,  the  first  of  these,  viz.,  C0SO4  is  a  salifiaUa 
base  combining  directly  with  acetic  acid,  and  existing  in  several  ammonio-salta  of 
cobalt.  Fremy  has  also  obtained  compound  salts  of  this  nature  containing  1 
bioxide  of  cobalt  C0O2. 

Protoxide  of  cobalt,  Cohaltous  oridc,  CoO,  37*52  or  469.  —  Prepared  by  tie 
ignition  of  the  carbonate.  This  oxide  is  a  powder  of  an  ash-grey  colour.  Ik 
colours  glass  blue,  even  when  in  minute  quantity,  no  other  colouring  matter 
having  so  much  intensity.  Smalt  blue  is  a  pounded  potash-glass  containing 
cobalt.  All  compounds  of  cobalt,  when  heated  with  borax  or  phosphorous-tak^ 
cither  in  the  inner  or  in  the  outer  blow-pipe  flame,  impart  a  splendid  blue  cukwr 
to  the  bead.     This  coloration  affords  an  extremely  delicate  test  for  cobalt. 

The  salts  of  protoxide  of  cobalt  have  a  reddish  colour  in  solution.  Potatk  or 
soda  added  to  these  solutions  forms  a  blue  precipitate  of  the  hydrated  oxide,  in- 
soluble in  excess  of  the  reagent.  Ammonia  also  forms  a  blue  precipitate,  which 
dissolves  in  excess  of  ammonia,  yielding  a  red-brown  solution.  If  the  cobalt  sob- 
tion  contains  a  large  quantity  of  free  acid  or  of  an  ammonical  salt,  no  precipitits 
is  formed  by  ammonia.  Alkaline  carbonates  precipitate  a  pink  carbonate  of 
cobalt,  soluble  in  carbonate  of  ammonia.  Ifydroiulj^huric  acid  docs  not  pnKi|ii* 
tato  a  solution  of  cobalt  containing  cither  of  the  stronger  acids;  but  in  a  solotui 
of  acetate  of  cobalt,  or  of  any  cobalt-salt  mixed  with  acetate  of  ammonia,  it  font 
a  black  precipitate  of  protosulphide  of  cobalt.  Alkaline  sulphides  throw  dan 
the  same  precijutate  from  all  solutions  of  protoxide  of  cobalt. 

Oxide  of  cobalt  appears  to  combine  with  alkalies  and  earths  as  wdl  as  vitk 
acids.  It  dissolves  in  fused  potash,  and  imparts  a  blue  colour  to 'the  compovrf* 
Magnesia  mixed  with  a  drop  of  nitrate  of  cobalt,  and  then  dried  and  ignite^ 
assumes  a  feeble  but  characteristic  rose  tint.  A  compound  of  oxide  of  obhill 
with  alumina  is  obtained  by  mixing  the  solution  of  a  salt  of  cobalt,  which  m«l 
be  perfectly  free  from  iron  or  nickel,  with  a  solution  of  equally  pare  alum,  prect 
pitating  the  liquor  by  an  alkaline  carbonate,  washing  the  precipitate  with  €Uib 

*  For  other  methods  of  aeparating  nickel  and  cobalt,  iM  A^kktL 
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tbcn  dr}Mnrr  and  igniting  it  strongly.  It  forms  a  beautiful  blue  pigment,  known 
as  cob:iIt-bluCy  which  may  be  compared  in  purity  of  tint  with  ultramarine.  A 
compound  of  oxide  of  cobalt  with  oxide  of  zinc  of  a  fine  green  colour  may  be 
prepared  in  a  similar  manner.  Those  coloured  compounds  often  afford  useful  con- 
firmatory tests  of  the  presence  of  zinc,  alumina,  or  magnesia.  The  substance  to 
be  examined  is  placed  on  platinum  foil,  moistened  with  nitrate  of  cobalt,  then 
dried,  and  strongly  heated  in  the  blow-pipe  flame. 

Chldride  of  cobalt^  CoCl,  is  obtained  by  dissolving  zafll're  or  the  oxide  in  hydro- 
chloric acid.  Its  solution  is  pink-red,  and  affords  hydrated  crystals  of  the  same 
colour ;  but  when  highly  concentrated,  assumes  an  intense  blue  colour,  and  then 
affords  blue  crystals  of  chloride  of  cobalt,  which  are  anhydrous  (Proust).  The 
red  solution  is  used  as  a  sympathetic  ink ;  characters  written  with  it  on  paper  are 
colourless  and  invisible,  or  nearly  so,  but  when  the  paper  is  warmed  by  holding  it 
near  a  fire  or  against  a  stove,  the  writing  becomes  visible  and  appears  of  a  beauti- 
ful blue.  After  a  while,  as  the  salt  absorbs  moisture,  the  colour  again  disappears, 
but  may  be  reproduced  by  the  action  of  heat.  If  the  paper  be  exposed  to  too 
high  a  temperature,  the  writing  becomes  black,  and  does  not  afterwards  disappear. 
The  addition  of  a  salt  of  nickel  to  the  sympathetic  ink  gives  a  green  instead  of 
blue. 

The  neutral  carhonaie  of  cobalt  is  unknown,  oxide  of  cobalt,  like  magnesia, 
being  tlirown  down  from  its  solutions  by  alkaline  carbonates,  as  a  carbonate  with 
excess  of  oxide.  The  sub-carbonate  of  cobalt  is  a  pale  red  powder,  which  con- 
tains, according  to  Setterberger,  2  eq.  of  carbonic  acid,  6  eq.  of  oxide  of  cobalt, 
and  4  eq.  of  water. 

Besides  the  sulphate  of  cobalt  corresponding  with  green  vitriol,  another  salt 
was  crystallized  by  Mitscherlich  between  G8°  and  8G°,  containing  6  eq.  of  water, 
C0O.SO3-I-GHO,  isomorphous  with  a  corresponding  sulphate  of  magnesia.  Sul- 
phate of  cobalt  forms  the  usual  double  salts  with  the  sulphates  of  potash  and  am- 
monia, containing  OHO. 

titrate  0/ cobalt,  CoO.i^Os  —  is  obtained  by  dissolving  the  metal,  the  prot- 
oxide, or  the  carbonate  in  dilute  nitric  acid.  Its  solution  is  carmine-coloured,  and 
on  evaporation  yields  red  crystals  containing  6  eq.  of  water;  they  deliquesce  in 
the  air,  fuse  below  100°,  and  at  a  higher  temperature  give  off  water  and  melt  into 
a  violet-red  liquid,  which  afterwards  becomes  green  and  thick,  and  is  ultimately 
converted,  with  violent  intumescence  and  evolution  of  nitrous  fames,  into  black 
Bes<|uioxicle  of  cobalt.  Characters  written  on  paper  with  a  solution  of  this  salt 
assume  a  peach-blo.ssom  colour  when  heated. 

A  s*,rba8fc  nitrate,  GCoO.NOs-fSAq,  is  obtained  on  adding  excess  of  ammonia 
to  a  well  boiled  solution  of  the  neutral  nitrate,  carefully  protected  from  the  air. 
It  then  falls  down  as  a  blue  precipitate,  but  on  the  slightest  access  of  air  quickly 
assumes  a  grass-green  colour  and  partly  redissolves  in  the  lifjuid. 

Gobidt-ydlow,  C0O.KO.N2O8. — This  compound  is  formed  by  adding  a  solution 
of  nitrite  of  potash  (obtained  by  passing  the  nitrous  fumes  evolved  from  a  heated 
mixture  of  nitric  acid  and  starch  into  caustic  potash)  to  an  acid  solution  of  uitrato 
of  cobalt ;  nitric  oxide  and  nitrate  of  potash  are  then  formed,  and  the  cobalt- 
compound  separates  in  the  form  of  a  beautiful  yellow  crystalline  powder : 

C0O.NO5  +  2NO5  +  4(KO.N03>=  3(KO.N05)  +  SNO.  +  NACoO.KO. 

It  is  likewise  obtained  by  adding  potash,  not  in  excess,  to  solution  of  nitrate  of 
cobalt,  so  as  to  precipitate  a  blue  basic  salt,  treating  this  with  a  slight  excess  of 
nitrite  of  potash,  and  adding  nitric  acid  in  a  thin  stream,  by  means  of  a  pipette. 
Also  by  treating  nitrate  of  cobalt  with  a  slight  excess  of  potash,  so  as  to  throw 
down  the  rose-coloured  hydrated  oxide,  and  passing  nitric  oxide  gas  into  the  mix- 
ture. This  last  reaction  is  so  rapid  that  it  may  be  exhibited  as  a  lecture-expeii- 
ment.  The  compound  crystallizes  in  microscopic  four-sided  prisms  with  pyramidal 
Bummits.     It  is  insoluble  in  cold  water,  also  in  alcohol  and  ether,  but  when  boiled 
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'With  water  gradually  dissolves  with  evolution  of  acid  vapours ;  the  solation  yields 
on  evaporation  a  Icnion-ycllow  salt  of  different  composition.  Nitric  acid  and  hy- 
drochloric acid  do  not  act  upon  it  in  the  cold,  but  decompose  it  at  a  boilin»  heat, 
with  evolution  of  nitrous  fumes.  Hydrosulphuric  acid  decomposes  it  very  slowly, 
sulphide  of  ammonium  immediately,  forming  black  sulphide  of  cobalt.  When 
heated,  it  assumes  an  orange-yellow  colour,  gives  off  water  and  afterwards  fuujw 
of  nitric  and  hyponitric  acids,  and  leaves  sesquioxide  of  cobalt  mixed  with  uitriw 
of  potash.  Its  beautiful  colour,  its  permanence,  and  the  facility  with  which  it 
mixes  with  other  colours,  render  it  well  adapted  for  artistic  purposes.* 

According  to  A.  Stromeycr,"|'  this  salt  is  a  nitrite  of  cobaltic  oxide  and  pota^h, 
Co203.2N03+3(KO.N03),  and  its  formation  may  be  represented  by  the  cquatiLD, 

2(CoO.S05)  +  5CKO.NO3)  +  0=  [CoA.2N03+3(KO.N03)]  +  2(K0.i?(  V). 

When  a  solution  of  lead  is  mixed  with  nitrite  of  potash  and  acetic  acid,  the  liquid 
assumes  a  yellow  colour,  but  no  precipitation  takes  place ;  but  on  adding  a  coUJt- 
salt,  a  yellowish  green  precipitate  (or  brownish  black  and  crystalline  from  dilute 
solutions)  is  formed,  whose  composition  is  that  of  the  yellow  cobalt-compound  with 
half  the  potash  replaced  by  oxide  of  lead  (kStromeyer). 

phosphate  of  cobalt^  2CoO.lIO.rO5,  is  an  insoluble  precipitate  of  a  deep  violot 
colour.  When  2  parts  of  this  phosphate  or  1  part  of  the  arseuiatc  of  cuhalt  are 
carefully  mixed  with  IG  parts  of  alumina  and  strongly  ignited  for  a  considerable 
time,  a  beautiful  blue  pigment  is  obtained,  resembling  ultramarine;  it  was  disco- 
vered by  Thdiiard. 

Arsniiatc  of  cobalt^  SCoO.-^VsOa +  8H0,  exists  as  a  crystalline  mineral  callod 
cobalf'Uoom. 

ScsquioxiJe  of  cobalt y  Cobaltic  oxhU,  Co^Oj,  is  formed  when  chlorine  is  traitf- 
mitted  through  water  in  which  the  hydrated  protoxide  is  suspended,  or  when  a  eaii 
of  the  protoxide  is  precipitated  by  a  solution  of  chloride  of  lime.  In  the  funaor 
case,  water  is  decomposed  by  the  chlorine,  and  hydrochloric  acid  produced,  vhik 
the  oxygen  of  the  water  peroxidizes  the  cobalt; 

2CoO  +  iio  +  CI  =  CoA  +  nci. 

The  sesquioxide  of  cobalt  is  precipitated  as  a  black  hydrate,  containing  2110. 
This  hydrate,  when  cautiously  heated  to  000°  or  700°,  j'iclds  the  black  anhydnmi 
oxide.  When  sesquioxide  of  cobalt  is  digested  in  hydrochloric  acid,  chluriDe  is 
evolved,  and  the  protochloude  formed.  Exposed  to  a  low  red  hcut,  the  sesqui- 
oxide loses  oxygen,  and  the  compound  oxide,  CoO.CojOjj  ^^  produced,  (lless.) 
When  protoxide  of  cobalt  is  calcined  with  a  borax  glass,  at  a  moderate  beat,  it 
absorbs  oxygon,  and  a  black  mass  is  obtained,  which,  mixed  with  inaugauic  oxiJCy 
ser\xs  as  a  black  colour  in  enamel  painting. 

Sesquioxide  of  cobalt  acts  as  a  weak  base.  Phosphoric,  sulphuric,  nitric,  sod 
hydruchloric  acids  dissolve  its  hydrate  in  the  cold,  without  decouipo>ition  at  irA, 
but  the  resulting  salts  are  afterwards  reduced  to  salts  of  the  protoxide.  A  proto* 
salt  of  cobalt  containing  a  small  quantity  of  a  se.squisalt  is  somewhat  deept-ut.'d  ii 
colour.  The  most  permanent  of  the  sesi{uisalts  is  the  acctato ;  the  hvdratfd 
sosr|uioxide  while  yet  moist  dissolves  in  acetic  acid,  slowly  but  completely.  Tha 
solution,  which  has  an  intense  brown  colour, •forms  a  brown  precipitate  wiib  ilki^ 
lies  and  alkaline  carbonates.  With  ferroeyanide  of  potassium  it  forms  a  diik 
precipitate,  which,  if  the  precipitant  is  in  excess,  gives  up  cyanogen  to  it,  ooft- 
verting  it  into  ferrioyanide  of  potassium  and  being  itself  converted  into  pxt« 
ferroeyanide  of  cobalt.  Alkaline  oxalates  colour  the  solution  yellow,  forming  ai 
oxalate  of  the  oxide  CojO^. 

According  to  Fremy,  the  oxide  CojOi  combines  also  with  other  acids.    TW 

*  St.  Evrc,  Ann.  Ch.  Phy«.  [3],  zzxtiii.  177. 
t  Add.  Ch.  rharm.  zcvi.  218. 
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of  this  oxide  is  obtained  by  digesting  in  dilute  acetic  acid  the  hydratcd 
btained  by  continued  action  of  oxygen  on  the  blue  precipitate  thrown  down 
-dinary  cobalt-salts  by  potash  not  in  excess.  Fremy  also  states  that  when 
;  is  passed  into  the  solution  of  ordinary  acetate  of  cobalt,  a  brownish  yellow 
formed  containing  the  base  G03CIO3,  or  C03O4  in  which  1  eq.  of  0  is  re- 
by  CI.  This  chlorine  base  exists  also  in  some  of  the  ammonio  compounds 
t  (pp.  4G8-6G).  The  oxide  C03O4  is  obtained  in  the  free  state  by  heating 
rate  or  oxalate  of  cobalt,  or  the  hydrated  scsquioxide  to  redness  in  contact 
e  air  (Iless,  Rammclsbcrc:) ;  but  according  to  Bectz  and  Winkelblech,  the 
lus  obtained  is  CooO^.  When  the  residue  obtained  by  gently  igniting  the 
in  contoct  with  the  air  is  digested  in  strong  boiling  hydrochloric  acid,  the 
OSO4  remains  in  hard,  brittle,  greyish-black  microscopic  octohedrons,  having 
lie  lustre.  The  same  crystalline  compound  is  obtained  by  igniting  dry  pro- 
de  of  cobalt,  alone  or  mixed  with  sal-ammoniac,  in  dry  air  or  oxygen  gas 
rzenberg). 

haltic  acid,  C03O5,  is  obtained  in  combination  with  potash  by  strongly 
;  the  oxide  C03O4,  or  the  protoxide,  or  the  carbonate,  with  pure  hydrate  of 
A  crystalline  salt  is  then  formed  which,  when  dried  at  100®  C,  contains 
O3O3+3HO,  and  gives  of  1  cq.  of  water  at  130°  (Schwarzenberg). 
tde  of  cobalt y  C0O2,  has  not  been  obtained  in  the  free  state,  but  exists,  ac- 
to  Fremy,  in  the  oxycobaltiac  salts, 
e  exist  three  sulphides  of  cobalt y  a  protosulphide,  sesquisulphidc,  and  bisul- 

\iicyamdc  of  cobalt  has  not  been  obtained  in  the  separate  state,  but  it^xists 
ss  of  double  cyanides,  of  which  the  radical  is  cobalticyanogen,  CygCoi,  ana- 
to  fcrricyanogcn.  The  cobalticyanide  of  potassium,  corresponding  with  the 
issiate  of  potash,  is  formed  when  protoxide  of  cobalt  or  its  carbonate  is 
d  in  caustic  potash  which  has  been  treated  with  an  excess  of  hydrocyanic 
[t  is  an  anhydrous  salt,  pale  yellow  and  nearly  colourless  when  pure,  and 
same  form  as  the  forricyanide  of  potassium.  Its  solution  does  not  affect 
s  of  iron,  but  forms  a  rose-coloured  precipitate  with  those  of  the  protoxide 
it.* 

ostphide  of  cobalt,  C03P,  was  obtained  by  Rose,  as  a  grey  powder,  on  passing 
m  over  the  subphosphatc  of  cobalt  ignited  in  a  porcelain  tube.  It  is  also 
rd  by  the  action  of  phospliurctted  hydrogen  on  the  chloride  of  cobalt,  and 
looked  upon  as  analojrous  in  composition  to  the  former  compound,  H3P. 
loniacal  sftlts  of  cobalt. — Cobalt-salts  treated  with  excess  of  ammonia  in  a 
rom  which  the  air  is  excluded,  unite  with  the  ammonia,  forming  compounds 
h  Fremy  gives  the  name  of  amnion io-cobalt  salts.  Most  of  them  contain 
amonia  to  1  eq.  of  the  cobalt-salt;  thus  the  chloride  contains  C0CI.3NH3+ 
le  nitrate  CoO.Nos.SNIIs-f-'illO.  They  are  mostly  crystallizable  and  of  a 
)ur,  soluble  without  decomposition  in  ammonia,  but  decomposed  by  water 
paration  of  a  basic  salt.  (Fremy.)  II.  Rose,  by  treating  dry  chloride  of 
rith  ammoniacal  gas,  obtained  the  compound  C0CI.2NH3;  and  similarly  an 
>us  sulphate  containing  CoO.8O3.3NHj. 

a  an  ammoniacal  solution  of  a  cobalt  salt  is  exposed  to  the  air,  oxygen  is 
d,  the  liquid  turns  brown,  and  new  salts  are  formed  containing  a  higher 
i"  cobalt  (C02O3  or  CO2),  and  therefore  designated  generally  as  peroxidized 
io-vobalt  salts.  Several  of  these  salts  containing  different  bases  are  often 
at  the  same  time.  Fremyf  distinguishes  four  classes  of  these  compounds, 
ts  of  oxyrobalHa,  lutcocobaltia,  fascocobaltia,  and  roseocohaltia, 
)Xf/cobaltla-salts  are  formed  by  the  action  of  the  air  on  concentrated  solu- 

furtber  details  00  the  cobalticyanidcs,  vide  Gmelin's  Uandbook  (translatioD),  vii. 

.  Ch.  Phys.,  [8],  xzxt.  257 ;  Chom.  Gaz.  1863,  201.  jj 
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tions  of  ammonio-cobalt  salts.  They  have  generally  an  olive  coloiir,  are  rparindy 
soluble  in  the  amiuoDiacal  liquid,  and  are  decomposed  by  water,  especially  vbea 
hot,  with  evolution  of  pure  oxygen,  liberation  of  ammonia,  and  scparatiau  of  i 
green  basic  salt  containing  cobaltoso-cobaltic  oxide,  COSO4.  They  contain  5  cq. 
of  ammonia  associated  with  2  eq.  of  a  monobasic  salt  of  bi-oxidc  of  cobalt,  C<A)i; 
thus  the  nitrate  is  composed  of  2(Co02.N05).5Nn3.  The  nitrate  and  STilpbata 
crystallize  in  small  prisjgns  containing  water  of  crystallization  (Fremy). 

The  luteocobaltia-stalts  arc  formed  :  1.  By  the  action  of  the  air  on  dilate  Eola- 
tions of  ammonio-cobalt  salts ;  2.  By  the  action  of  a  small  quantity  of  water  oa 
crystallized  oxycobaltia-salts ;  3.  By  treating  the  brown  solution,  formed  b;  the 
action  of  oxygen  in  excess  on  ammonio-cobalt  salts,  with  dilute  acids;  4.  By  tieit- 
ing  roseocobaitia-salts  with  excess  of  ammonia.  These  salts  arc  of  a  fine  yellow 
colour,  crystallize  readily,  arc  tolerably  permanent,  and  resist  for  some  time  the 
action  of  boiling  water.  They  give  no  precipitates  with  alkaline  phosphate;^  or 
carbonates  at  ordinary  temperatures,  but  are  decomposed  by  boiling  potash,  viih 
evolution  of  ammonia  and  separation  of  CosOsHO.  Dilute  acids  precipitate  them 
from  their  aqueous  solution  in  the  crystalline  state.  They  contain  1  cq.  of  a 
sesquisalt  of  cobalt,  associated  with  6  eq.  of  ammonia;  thus,  the  sulphate ■■ 
(CojOs.3S03).GNII,;  the  chloride  =  CojCtCNlI,.  (Fremy.)  This  last  salt  wM 
previously  obtained  by  Rogojski,*  who  regarded  it  as  the  hydrochluratc  of  dtfo- 
baltinamine  Clil.NslIjCO  [co  =  jCo].  lie  likewise  obtained  the  other  salts  of  thi 
game  base  by  double  decomposition. 

Fuscocohaltin-sahs  are  formed  when  an  ammoniacal  solution  of  a  protosilt  of 
cobalt,  is  exposed  to  the  air,  and  by  the  action  of  water  on  the  oxycobaltia-»ltf. 
They  are  all  uncrystallizablc,  but  may  be  obtained  in  the  solid  state  by  precipitSp 
tion  with  alcohol  or  excess  of  ammonia.  They  are  slowly  decomposed  by  boiling 
with  water,  but  quickly  on  the  addition  of  an  alkali,  with  evolution  of  ammonia, 
and  precipitation  of  hydrated  scsquioxidc  of  cobalt.  They  arc  of  a  brown  colonfi 
and  appear  to  contain  basic  SJilts  of  scscjuioxide  of  cobalt,  united  with  4  or  5  e^ 
of  ammonia.     The  nitrate  contains  C02O3.2NO5.4Nns.3HO. 

Ammonio-chloride  of  cobalt,  after  exposure  to  the  air,  yields  by  cvaporstioD  ii 
vacuo,  an  uncrystallizublo  residue  having  the  characters  of  the  fuscocobaltii-salOi 
but  containing  a  chlori no-base;  its  formula  is  C02CI2O.4NII3.3HO.  By  exposiig 
the  solution  of  the  aninioiiio-chloride  to  the  air  for  two  or  three  weeks,  and  tlhei 
boiling  with  sal-anniiuiiiac,  rascocobaltiacal  chloride  separates  out  first,  and  afto^ 
wards  a  black  crystalline  compound  containing  CosClOs-NHsH-dllO. 

The  roscot^ohiilt id'Sa If s  ixTc  obiiiiuQd:  1.  By  slightly  acidulating  the  solutiooofti 
ammonio-cubalt  salt,  which  has  been  exposed  to  the  air ;  2.  By  boiling  the  soltlioa 
of  an  ammonio-cobalt  salt,  which  has  been  exposed  to  the  air  for  two  or  three  daj% 
and  contains  a  fuscocobaltia  salt,  with  a  salt  of  ammonia ;  3.  By  mixing  oxjoh 
baltia-salts  with  boiling  solutions  of  ammoniacal  salts.  They  have  a  fine  red  or 
rose  colour,  and  some  of  them  crystallize  readily.  Their  reactions  are  similar  M 
those  of  the  lutcocobaltia-salts.  The  nitrate  and  the  neutral  sulphate  contain  3cq. 
of  Co203.3N05,  or  Co2()3.3S03,  with  5  eq.  ammonia.  There  is  also  an  acid  s^u^phail 
containing  (Co203.5SC)4)  SNUj-f-SUO,  obtained  by  adding  sulphuric  acid  in  exc«i 
to  an  ammoniacal  solution  of  sulphate  of  cobalt  which  has  stood  for  some  dajv  is 
contact  with  the  air.  Baryta-water  added  to  the  solution  of  the  sulphate,  tbrM 
down  roseocobaltiacal  oxide,  which  is  rose-coloured,  has  a  strong  alkaline  reactioai 
and  decomposes  on  boiling,  giving  off  ammonia  and  depositing  CO|Os.  The  cU^ 
ride,  Co^Cls.oNlIs.lIO,  is  obtained  by  boiling  the  ammonio-chloride  of  cobah,or 
the  chlorine-compound  C02CI8O.4NH,  (p.4G4),  or  a  salt  of  oxycobaltiay  with  eU^ 
ride  of  ammonium  (Fremy). 

Genthf  and  F.  Claudet|  have  also  described  a  compound  which  appears  to  ki 

*  J.  pr.  Chem.  Wi.  491. 

t  Ann.  Ch.  Phann.  Uxx.  275 ;  Chem.  Gas.  1851,  266. 

t  PhiL  Mag.  [4],  iL  258;  Chem.  Soo.  Qo.  J.  iv.  86&. 
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the  same  as  Fremj's  hydrocblorato  of  roseocobaltia,  although  each  assigns  to  it  a 
different  formula.  When  sulphate  or  chloride  of  cobalt  is  mixed  with  a  large 
quantity  of  chloride  of  ammonium  and  an  excess  of  ammonia,  exposed  for  some 
time  to  the  air,  and  then  boiled  with  excess  of  hydrochloric  acid,  a  criiason  pow- 
der gradually  separates,  oxygen  is  evolved ,  and  the  liquid  becomes  colourless. 
This  compound  dissolves  in  244  parts  of  cold  water,  and  in  a  smaller  quantity  of 
boiling  water,  but  is  decomposed  by  continued  boiling,  unless  hydrochloric  acid  be 
added;  in  that  case  a  solution  is  obtained,  from  which  the  compound  crystallizes 
on  cooling  in  ruby-coloured  regular  octohcdrons.  Oenth  assigns  to  this  compound 
the  formula  C02O3.3NH4CI,  regarding  it  as  the  chloride  of  a  conjugated  radical 
Co203-3NH4.  Glaudct  finds  it  to  contain  8Cl,2Co,  5N  and  16H,  and  expresses  its 
composition  by  one  of  the  following  formulae :  — 

3Nn,Cl+2NH,Co;         Clj  NlIA?!^  l;         CInJ^^^J  +2C1n|5|jJ. 

According  to  the  two  latter  formulas,  the  compound  is  supposed  to  contain 
ammonium  in  which  part  of  the  hydrogen  is  replaced  by  NH4.  It  might  also  be 
regarded  as  the  Ji^drochlorate  of  pentacohaltosamine  N5H,3Co2.3HCl,  the  base 
being  formed  of  5  eq.  of  ammonia  in  which  2  eq.  of  hydrogen  are  replaced  by 
cobalt  Gregory*  assigns  to  it  the  formula  Co2Cls.5NlIs,  making  it  identical  with 
Fremy's  roscocobaltiacal  chloride. 

The  compound  heated  in  a  glass  tube  gives  off  ammonia  and  sal-ammoniac,  and 
leaves  CoCl.  When  the  aqueous  solution  is  boiled,  ammonia  is  evolved,  and  a 
precipitate  formed  probably  consisting  of  C03O4.3UO,  combined  with  nitride  of 
cobalt.  The  chlorine  compound  treated  with  recently  precipitated  oxide  of  silver, 
yields  the  oxygon-compound  of  the  same  radical;  and  by  double  decompositioa 
with  various  silver-salts,  the  other  salts  of  the  base. 

The  ammonia  in  all  these  compounds  is  in  a  peculiar  state,  not  exhibiting  its 
usual  basic  properties,  or  being  recoguisiible  by  the  usual  reagents  or  replaceable 
by  other  bases.  Claus  attributes  this  circumstance  to  the  ammonia  being  in  a 
passive  state,  which  is  merely  another  way  of  expressing  the  fact,  but  affords  no 
explanation.  Weltzion  supposes  the  compounds  in  question  to  contain  compound 
ammonium-molecules,  in  which  1  or  2  at.  hydrogen  arc  replaced  by  ammonium 
itself  (an  idea  first  suggested  by  3Ir.  Graham),  viz.,  ammo-cohaltammonium 

NHjAmCo,  and  hlammo-cohaltammoniinn  NIIAin^Cu  [the  symbol  Am  standing 
for  NII4].  Thus  the  ammoniocohaU  salts,  cuntainiiii:  ^Nllj,  may  be  regarded  as 
neutral  salts  of  ammo-cobaltammonium,  and  those  which  contain  3NH3  as  neutral 
salts  of  biammo-cobaltammonium :  thus  — 

CoC1.2Nn3  =  NII.AmCo.Cl ;  and 
CoBr.3NH3=  NHAm.Co.Br. 

The  fuscocohaliia-salts  may  be  regarded  as  basic  salts  of  the  sesquioxide  of 
ammo-cobaltammonium,  e.  g.  — 

CoA.2N05.4NH3==  (NH2AmCo)A.2N06. 

The  Jriteocchaltia'SsXt&y  as  neutral  salts  of  the  sesquioxide  of  biammo-cobaltam- 
monium, e,  g.  — 

Co,0,.3N05.6NH3  =  (NHAm2Co)A.3N05; 
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Tlie  rosf^ocolaltm-siilta  as  neutral  scsquisalts  containing  1  at.  of  eacli  of  Ae 
abovc-meutioucd  ammoniums^  thus  — 

,  NHgAmCol  p,  . 

NHAm.CoJ 

And  the  ox^cobaltiasalts  as  basic  salts  of  the  same  two  ammonium-molecule^ 
e.g. — 


NH,AmCc 
2CoO2.2SOs.5NH3  = 


NH,AmCo  L  .2S0,. 


NllAmgCoj 

ESTIMATION   OP   COBALT,   AND   METHODS  OP  SEPARATING   IT   FROM  THE 

PRECEDING   METALS. 

Cobalt  is  generally  precipitated  from  its  solutions  by  caustic  potash.  The  pre- 
cipitate Ls  bluish,  and  consists  of  a  basic  salt,  which,  however,  when  heated,  is 
converted  into  the  hydratcd  protoxide  of  a  dingy  rose  colour.  It  must  then  k 
washed  in  hot  water,  dried  and  ignited  in  an  atmosphere  of  hydrotren,  by  which 
it  is  reduced  to  the  metallic  state,  after  which  it  is  weighed.  According  to  Boeti,* 
the  reduction  to  the  metallic  state  may  be  dispensed  with,  an  accurate  result  being 
obtained  by  igniting  the  precipitated  oxide  till  it  no  longer  varies  in  weight,  iti 
composition  being  then  ICo-CogOa  or  Co^Ot;  but  the  reduction  by  hydrogen  is 
perhaps  the  surer  method. 

Cobalt  is  separated  from  the  alkalies  and  alkaline  earths  by  sulphide  of  ammo- 
nium, the  black  sulphide  of  cobalt  being  then  dbsolved  in  nitro-hydrochloric  aeid| 
and  the  oxide  precipitated  by  potash  as  above. 

From  matjncsia  it  may  also  be  separated  by  sulphide  of  ammonium^  suffieienK 
chloride  of  ammonium  being  added  to  hold  the  magnesia  in  solution. 

From  alumina  and  ylucina  it  is  separated  by  potash. 

The  separation  of  cobalt  from  mawjancsc  is  difficult.  It  is  best  effected  Vj 
heating  the  mixed  oxides  in  hydrochloric  acid  gas,  which  converts  them  inio 
chlorides,  and  then  lieatiug  the  chlorides  in  a  stream  of  hydrogen,  which  reduces 
the  cobalt  to  the  metallic  state,  but  leaves  the  chloride  of  manganese  andeeoa- 
posed  )  the  latter  is  then  dissolved  out  by  water.  Another  mode  of  separation  is 
to  digest  the  mixed  oxides  in  a  solution  of  pentasulphide  of  calcium,  which  & 
solves  the  sulphide  of  cobalt,  but  leaves  the  sulphide  of  manganese  undissoked-f 

Cobalt  is  separated  from  iron  in  the  same  manner  as  manganese  (p.  45$),  til, 
by  bringing  the  iron  to  the  state  of  sesquioxide,  then  adding  chloride  of  ammooiOr 
neutralizing  with  ammonia,  and  precipitating  the  iron  by  succinate  of  ammonia. 
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Eq.  29-57  or  3G9-6. 

This  nietal  reseiublcs  iron  and  cobalt  more  than  any  others,  and  is  as 
with  tliose  metals  in  niirteoritos,  and  in  most  of  the  terrestrial  minerab  which 
tain  it.     The  ]irincipal  ore  of  nickel  is  arsenical  nickel,  a  mineral  having  tte 
colour  of  met:)llic  copper,  to  which  the  Ucrman  miners,  having  attempted  in  Tii> 

*  Pugg.  Aiiu.  Ixi.  472.  t  ^^^^  J*  Phana.  £8»]  liL  U7. 
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to  extract  copper  from  it,  gave  the  name  Icvpfer-mchely  or  false  copper.  This 
mineral  was  found  by  Cronstcdt  of  Sweden,  in  1751,  to  contain  a  particular  metal, 
which  he  called  nickel.  Nickel  imparts  a  remarkable  whiteness  to  the  metallic 
alloys  which  contain  it,  on  which  account  it  has  come  of  late  to  be  valued  in  the 
arts,  boiuir  added  to  brass  to  form  the  well-known  imitations  of  silver. 

The  metal  Ls  prepared  from  the  native  arsenide,  or  from  an  artificial  arsenide 
called  sprisis^  which  contains  about  54  per  cent,  of  nickel,  and  has  been  observed 
bv  Wulilor  to  occur  in  octohedrons  with  a  square  base,  having  the  composition 
Ni^A^.  Spoi>'s  is  a  metallic  substance  which  collects  at  the  bottom  of  the  crucibles 
in  which  smalt  or  cobalt-blue  is  prepared.  In  that  operation,  a  mixture  of  qjiartzy 
sand,  pot.nshes,  and  the  roasted  ore  of  cobalt  is  fused.  The  previous  roasting  never 
b'incr  p«^*rtect,  a  part  of  the  metals  escapes  oxidation;  and  hence  when  the  mixture 
d<.'.seribrd  is  fused,  tlic  cobalt,  which  is  more  oxidablc  than  nickel  and  copper, 
reacts  upon  the  oxides  of  these  metals,  and  reduces  them,  while  it  is  itself 
oxidated  :  the  nickel  and  copper  concentrate  in  the  speiss,  while  the  smalt  contains 
scarcely  any  of  them.  A  salt  of  nickel  may  bo  obtained  by  treating  spciss  in  fine 
powder  with  an  equal  wciirht  of  sulphuric  acid,  diluted  with  four  or  five  times  its 
bulk  of  water,  and  irradually  adding  an  equal  weight  of  nitric  acid,  which  occa- 
siiULS  the  oxidation  of  both  the  nickel  and  the  arsenic.  The  green  solution  thus 
obtained,  when  cooled  and  allowed  to  stand  for  twenty-four  hours,  deposits  much 
arso'.iious  acid,  from  which  it  may  be  separated  by  filtration.  A  quantity  of  car- 
bonate of  potash,  equal  to  half  the  weight  of  the  spciss,  is  then  added  to  the 
solution,  which  is  concentrated  and  set  aside  to  crystallize.  The  double  sulphate 
of  111 jkcl  and  potash,  NiO.SOj  +  KCSOj  +  6110,  forms  easily,  and  may  bo 
obtained  free  from  arsenic  by  a  second  crystallization.  (Dr.  Thomson.)  The  perfect 
scpanitiun  of  small  quantities  of  cobalt  and  copper,  which  these  crystals  may  still 
contain,  requires  additional  processes.*  W'ith  the  view  of  obtaining  the  metal,  the 
ins'.ilublo  oxalate  of  nickel  may  be  precipitated  from  the  preceding  salt  by  oxalate 
of  ammonia,  washed,  dried,  and  ignited  gently  in  a  covered  crucible.  The  oxalic 
acid  reduces  the  oxide  of  nickel,  and  the  metal  remains  in  a  spongy  state.  It  is 
pyroplioric,  like  manganese  and  iron  prepared  in  the  same  manner,  if  the  tempera- 
ture of  reduction  has  been  low.  To  obtain  the  metal  in  a  solid  mass,  it  should  be 
fa-Ji^d  in  a  crucible  covered  with  pounded  glass.  The  oxide  of  nickel  is  very  easily 
Induced  both  by  carbonic  oxide  and  by  hydrogen. 

Niekel,  when  free  from  cobalt,  is  silver-white,  unalterable  in  air,  and  highly 
ductile.  Its  den.sity,  according  to  Richter,  is  8-279,  and  after  being  forged  8*666. 
Niekel  is  magnetic  nearly  to  the  same  extent  as  iron.  Magnets  composed  of  this 
metal  lose  their  polarity  at  6i]0^  (Faraday).  It  is  somewhat  more  fusible  than 
irt»n.  Nickel  forms  two  oxides  corresponding  with  the  protoxide  and  scsquioxide 
of  iron ;  but  the  double  compound  of  the  two  oxides  of  nickel,  corresponding  with 
the  black  oxide  of  iron,  has  not  been  observed. 

Protoxuh  of  niclcelf  NiO,  37*57,  or  4G9-6,  may  be  obtained  by  the  ignition  of 
the  carbonate  or  nitrate  of  nickel,  or  by  precipitation  from  its  salts  by  an  alkali, 
as  a  dark  ash-colourcd  powder,  or  as  a  bulky  hydrate  of  an  apple-green  colour, 
NiO  110.  Oxide  of  nickel  is  very  soluble  in  acids,  but  not  in  potash  or  soda. 
Ammonia  dissolves  it,  and  forms  an  azure-blue  solution,  from  which  oxide  of 
nickel  is  precipitated  by  potash,  baryta,  and  strontia,  having  a  considerable  tendency 
to  combine  with  salifiable  ba.ses.  The  solutions  of  its  salts  have  all  a  green  colour, 
much  more  intense  than  that  of  the  ferrous  salts.  They  are  not  precipitated  by 
hydrosulphuric  acid  when  a  strong  acid  is  present,  but  afford  a  black  sulphide  with 
alkaline  sulphides.  Carbonate  of  nickel  is  of  a  pale  green  colour  and  soluble  in 
carbonate  of  ammonia. 

Pvrowide  or  spsquioxirk  of  niclrl,  Ni203,  is  obtained  as  a  black  powder,  by  ex- 
P'.'&<ing  the  hydrated  protoxide  suspended  in  water  to  a  stream  of  chlorine  gas.     It 

*  Berzclius,  Trait6,  torn,  i.,  p.  48G ;  see  also  pp.  4G1M70,  of  this  volume. 
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doos  not  combine  with   acids,  and  in  other  respects   resembles  sesquioxide  of 

cobalt. 

Besides  ^  protosnlphide,  NiS,  a  suhiulpliide  of  nickel ,  Ni,S,  is  formed,  likctbat 
of  manj^nose,  by  decomposing::  the  ignited  sulphate  of  nickel  with  hydix^cn.  A 
hisulphuhi  of  nirh:I  also  exists  in  combination  as  a  constituent  of  the  ibiDenl 
nickel-glance,  NiSj.NiAs. 

Chloride  of  nickel  NiCl,  forms  a  solution  of  an  emerald-«2;reen  colour,  and  yicMs 
by  evaporation  a  hydrated  salt  of  the  same  colour,  which  becomes  yellow  when 
deprived  of  its  water  of  crystallization.  Chloride  of  nickel,  sublimed  at  a  liiA 
temperature  without  access  of  air,  forms  golden  scales  which  diff^^olYo  with 
difficulty. 

Sulphate  of  nickel j  crystallizes  from  a  strong  solution  in  slender  green  prisms, 
isomorphous  with  P]psom  salt,  of  which  the  composition  is  NiO.SO,  -f  7110.  At 
a  higher  temperature,  it  crjstallizes  with  G  eq.  of  water  NiO.SOj  +  OIIO,  like  the 
ma'xncsia  and  cobalt  salts,  and  in  the  same  form.  Mitscherlich  made  the  sinztilar 
observation,  that  when  the  crystals  containing  7  eq.  of  water  arc  exposed,  in  a 
close  glass  vessel,  to  a  day  of  sunshine,  or  kept  for  some  time  in  a  temperate  place, 
they  change  their  form,  becoming  a  mass  of  small  crystals,  of  which  the  form  is 
the  regular  octohedron.  The  original  crystals  become  opaque  from  this  chan;?*, 
but  lose  none  of  their  combined  water.  Sulphate  of  nickel  forms  the  usual  double 
salts  with  the  sulphates  of  potash  and  ammonia. 

Nickel  also  forms  ammonio-compouuds  analogous  to  the  am monio-cobalt  salts; 

e.g,  the  ammonio^hloride  =  ^^\\^.^\Q\  =  NHAmjNi.Cl;  ammonio-9\ilphatc  =. 

5NIT,.NiS0,  =  Nil  Am,  Ni.SOS  &c. 

The  useful  white  alloy  of  nickel,  German  silver  or  puckfonf/j  is  formed  by 
fusing  together  100  parts  of  copper,  60  of  zinc,  and  40  of  nickel. 

ESTIMATION  OF  NICKEL,  AND  METHODS  OF  SEPARATING  IT  FROM  THE  PRECEDISG 

METALS. 

Nickel  is  best  precipitated  from  its  solutions  by  caustic  potash,  which  tbro« 
down  an  apple-green  precipitate  of  the  hydrated  protoxide,  and  if  the  liquid  be 
heated,  leaves  not  a  trace  of  nickel  in  the  solution.  The  precipitate  mii«t  be 
washed  with  hot  water,  dried,  ignited,  and  weighed ;  it  then  corisi.sta  of  pure 
protoxide  of  nickel,  containing  78 '57  per  cent,  of  the  metal. 

In  separating  nickel  from  other  metals,  it  is  often  necessary  to  precipitate  it  bysaU 
phide  of  ammonium  ;  this  precipitation  is  attended  with  difficulties,  because  the  ral- 
phidc  of  nickel  is  somewhat  soluble  in  the  alkaline  sul]diide.  To  make  the  precipitatloa 
as  complete  as  po.^sible.  Rose  directs  that  the  solution  be  diluted  with  a  considerable 
quantity  of  water,  and  thi;n  treated  with  sulphide  of  ammonium,  as  uearly  c^looN 
less  as  it  can  be  obtained,  avoiding  a  large  excess  of  the  precipitant  and  likovise 
an  excess  of  ammonia ;  the  glass  is  then  to  be  covered  up  with  filtering  paper, 
and  left  in  a  warm  place.  Under  these  circumstances,  the  excess  of  sulphide  of 
ammonium  is  decomposed  by  the  oxygen  and  carbonic  acid  of  tho  air,  without  risk 
of  the  sulphide  of  nickel  being  oxidized.  As  soon  as  the  supernatant  liquid  Ka* 
lost  its  brown  colour,  the  precipitate  is  collected  on  a  filtc-r  and  washed,  xs  quickly 
as  possible,  with  water  containing  a  little  sulphide  of  ammonium.  It  must  thca 
be  dissolved  in  nitro-hydrochloric  acid,  and  the  nickel  precipitated  by  pota^  ■■ 
above. 

The  methods  of  separating  nickel  from  all  the  preceding  mctnls  except  cMh^ 
are  the  same  as  those  given  for  cobalt  (p.  4GG). 

The  separation  of  nickel  from  cobalt  itself  is  difficult.  The  best  method  if 
perhaps  that  given  by  II.  Rose,"^  depending  on  the  fact  that  protoxide  of  cobiltii 

*  Handbuch  dcr  Analytischen  Chernie  (Berlin,  1851),  iL  16i. 
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iolation  is  converted  by  chlorine  into  sesqnioxide,  whereas  with  nickel  this  change 
docs  not  take  place.  The  metals  or  their  oxides  being  dissolved  in  excess  of 
hydrochloric  acid,  the  solution  is  diluted  with  a  largo  quantity  of  water,  about  a 
pound  of  water  to  a  gramme  of  the  metals  or  their  oxides.  Ghlbrine  gns  is  then 
psscd  through  the  solution  for  several  hours,  till  in  fact  the  space  above  the  liquid 
.becomes  permanently  filled  with  the  gas;  carbonate  of  baryta  is  then  added  in 
excess,  the  whole  left  to  stand  for  12  or  18  hours,  and  shaken  up  from  time  to 
time.  The  precipitate,  consisting  of  sesquioxidc  of  cobalt  and  carbonate  of  baryta, 
is  then  collected  on  a  filter,  and  washed  with  cold  water.  The  filtered  linuid, 
which  has  a  pure  green  colour,  contains  all  the  nickel  without  a  trace  of  cobalt. 
The  precipitate  is  boiled  with  hydrochloric  acid  to  convert  the  sesquioxidc  of 
cobalt  into  protoxide,  and  dissolve  it  together  with  the  baryta;  the  latter  is  then 
precipitated  by  sulphuric  acid,  and  the  cobalt  from  the  filtrate  by  potash.  The 
nickel  is  also  precipitated  by  potash  after  the  removal  of  any  baryta  that  the  solu- 
tion may  contain  by  sulplmric  acid.  This  method,  if  properly  executed,  gives 
very  exact  results.  The  chief  precautions  to  be  attended  to,  are  to  add  a  large 
excess  of  chlorine,  and  not  to  filter  too  soon,  because  the  precipitation  of  6es([ui- 
oxide  of  cobalt  by  carbonate  of  baryta  takes  a  long  time. 

Liobig  has  given  several  methods  of  separating  these  two  metals,  founded  on 
the  difference  of  their  reactions  with  cyanide  of  potassium.  1.  The  oxides  of  tho 
two  metals  arc  troat(?d  witli  hydrocyanic  acid  and  then  with  potash,  and  the  liquid 
warmed  till  the  whole  is  dissolved  (pure  cyanide  of  potassium,  free  from  cyanato 
may  also  be  used  as  the  solvent).  The  reddish-yellow  solution  is  boiled  to  expel 
free  hydrocyanic  acid,  whereupon  the  cobaltocyanide  of  potassium  (KgCoCys)! 
formed  in  the  cold,  is  converted  into  cobalti cyanide  (KjCOiCyj),  while  the  nickel 
remains  in  the  form  of  cyanide  of  nickel  and  potassium  (KNiCya).  Pure  and 
finely-divided  red  oxide  of  mercury  is  then  added  to  the  solution  while  yet  warm, 
whereby  the  whole  of  the  nickel  is  precipitated  partly  as  oxide,  partly  as  cyanide, 
the  mercur}*  taking  its  place  in  the  solution.  The  precipitate  contains  all  the 
nickel,  together  with  excess  of  mercuric  oxide;  after  washing  and  ignition,  it 
yields  pure  oxide  of  nickel.  The  filtered  solution  contains  all  tho  cobalt  in  tho 
form  of  cobalti  cyanide  of  potassium.  It  is  supersaturated  with  aoetic  acid,  boiled 
with  sulphate  of  copper,  which  precipitates  the  cobalt  in  the  form  of  cobalticyanide 
of  copper  (CusCogCya-TIIO),  and  the  precipitate  retained  in  the  liquid  at  a  boiling- 
heat  till  it  has  lost  its  glutinous  character.  It  is  then  washed,  dried,  and  ignited, 
dissolved  in  hydrochloric  acid  mixed  with  a  little  nitric  acid,  the  copper  precipi- 
tated by  hydrosulphuric  acid,  and  the  filtrate,  after  boiling  for  a  minute  to  expe- 
the  excess  of  that  gas,  mixed  with  boiling  caustic  potash  to  precipitate  the  cobalt.* 
—  2.  Instead  of  adding  the  oxide  of  mercury,  the  solution  containing  the  mixed 
cyanides  may,  after  cooling,  be  supersaturated  with  chlorine,  the  precipitate  of 
C}'anide  of  nickel  thereby  produced  being  continually  rcdissolved  by  caustic  potash 
or  soda.  The  chlorine  produces  no  change  on  the  cobalticyanide  of  potassium, 
but  decomposes  the  nickel-compound,  the  whole  of  the  nickel  being  ultimately 
precipitated  in  the  form  of  black  scsquioxide."}" 

Liebig's  first  method  J  which  consisted  in  treating  tho  solution  of  tho  mixed 
cyanides  with  excess  of  hydrochloric  or  sulphuric  acid,  whereby  the  nickel  was 
precipitated  as  cobalticyanide  of  nickel,  leaving  a  solution  of  pure  cobalticyanide 
of  potassium,  has  been  found,  both  by  himself  and  others,  not  to  give  perfectly 
Batirsfactory  results.  The  method  by  oxalic  acid  (p.  466),  and  the  precipitation 
of  nickel  from  an  ammoniacal  solution  of  the  two  metals  by  potash  (p.  467)  are 
not  sufficiently  accurate  for  quantitative  analysis. 

F.  Claudet  proposes  to  separate  cobalt  from  nickel  and  other  metals  in  the  form 
of  the  ammonio-compound  described  on  page  465,  that  compound  being  very 

•  Ann.  Ch.  Pharm.  Ixr.  244.         f  Ann.  Ch.  Pharm.  IxxzriL  128.        t  ^^i^  ^-  ^^^' 
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.nsoluble,  while  corresponding  compounds  of  tlic  other  metak  do  not  appear  to  \» 
formed  under  the  same  circumstances. 

The  separation  of  cobalt  from  nickel  (also  from  zinc  and  the  previously  Josct11»oi1 
metals)  may  likewise  be  effected  by  means  of  St.  Evre's  yellow  compound,  ys\'m\ 
is  regarded  by  A.  Strom cyer  as  a  nitrite  of  cobaltic  oxide  and  potash  i  p.  40.). 
The  solution  containing  the  mixed  metals  is  diluted  with  water  till  about  ^J(.l'»  \>Ln^ 
of  water  arc  present  to  1  part  of  protoxide  of  cobalt;  a  somewhat  Ci'nciiitr.iiJ 
solution  of  nitrite  of  potash*  then  added,  and  a  sufficient  quantity  of  arctic  v.A  1 1  :■ 
redissolvc  any  precipitated  carbonates;  and  the  solution  left  to  stand  fur  1-  !■>  J-i 
hours  in  a  covered  vessel,  then  filtered  and  washed,  first  with  acetate  of  jh  t:i>:.. 
afterwards  with  alcohol.  The  precipitate  contains  all  the  cobalt  in  the  fona  ^i"  ili-: 
above-mentioned  salts,  and  none  of  the  other  metals.'j' 


SECTION  V. 

ZINC. 

32-52;  Zn.  or  ITj.  406G. 

The  principal  ores  of  zinc  are  calaminey  or  the  carbonate,  a  pulverulent  mineral 
generally  of  a  reddish  or  flesh  colour,  and  zinc-blnule,  a  massive  mineral  of  an 
adamantine  lustre,  and  often  black.  The  oxide,  from  the  carbonate  or  from  the 
calcined  sulphide,  is  mixed  with  about  |  of  its  weight  of  carbonactHms  matter, 
and  heated  to  a  low  white  heat  in  retorts,  or  similar  vessels  of  earthcnwaro  vt 
iron.  The  zinc  is  then  reduced  and  volatilized,  and  condenses  in  the  colder  pait 
of  the  apparatus. 

In  Silesia,  the  mixture  of  zinc-oxide  and  charcoal,  or  coke,  is  heated  in  mafflo«, 
(fig.  189)  3  feet  long  and  IS  inches  high,  six  of  which  are  laid  in  one  furnace 

Fia.  189. 


(fig.  190),  three  side  by  side.  The  evolved  raixturo  of  carbonic  oxide  and  linfr 
vapour  passes  from  the  upper  and  fore  part  of  the  mufiies  31,  through  a  knee- 
shaped  channel,  h  c  tfy  and  the  zinc  condenses  therein  and  drops  down  from  tbo 
lower  aperture  J  into  the  reservoirs  /  (fig.  190)  placed  beneath. 

Part  of  the  zinc-vapour,  and  likewise  some  cadmium-vapour,  escapes  uncoa- 
densed,  together  with  the  carbonic  oxide  gas,  and  burns  in  the  air,  produoiu!;  tbe 
substance  called  Sifrsian  zmv-Jlrjwers.  Silesia  furnishes  the  greater  part  of  Um 
zinc  used  in  the  arts. 

In  Belgium,  the  reduction  is  performed  in  earthenware  tubes,  laid  side  byade; 
and  the  zinc  as  it  condtMises  in  the  fore  part  of  these  tubes,  is  scraped  out  inm 
time  to  time  in  the  liquid  stiite. 

*  The  nitrite  of  potash  is  prepared  by  fusing  1  part  of  nitre  in  contact  with  2  ptiti  rf 
metallic  load,  first  at  a  low  and  then  at  a  bright-re^l  heat,  exhausting  tho  cooled  masi  wiA 
water,  precipitating  a  small  quantity  of  lead  by  carbonic  acid,  and  then  by  snlphidt  ef  i» 
moniuDi,  eraporating  to  drynesa,  and  heating  to  the  melting-point  to  dccompoM  wMf  kyft* 
sulphite  of  potash  that  may  have  been  formed. 

t  A.  Stromeyer,  Ann.  Gh.  Phann.  xori.  p.  218:  see  ftlso  Licbis  and  Koop't 
1854,  p.  867. 
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Fio.  191. 


In  Enj;bnd,  a  number  of  cnst-iroa  pots  arc  arranged  in  a  circle  in  the  farnace 
(fij*.  191.).  Through  the  bottom  of  each  of  these  pots,  there  yijisses  an  iron  tube 
t  f,  which  is  continuGil  downwards  through  an  aperture  in  the  bottom  of  the  fur- 
naeo.  The  upper  end  of  the  tube  is  stopped  with 
»  plug  of  wood,  which  is  charred  during  the  opcra- 
tioa,  and  becomes  sufficiently  porous  to  allow  the 
pai^iiage  of  the  xioc-vapour,  but  at  the  Baitie  time 
prevents  the  solid  matter  from  falling  through. 
Each  pot  is  fitted  with  a  cover  well  luted  with  clay. 
The  fire-place  F,  is  in  the  middle.  The  distilled 
sine  condenses  in  the  tubes  t  f,  and  foils  in  dropa 
into  a  receiver  u,  placed  beneath.  This  process  is 
called  detlillatio  per  deutntum. 

Zinc  may  be  purified  by  a  second  distillation  id 
a  purciilain  retort;  but  the  firet  portions  of  that 
metal  which  come  over  should  he  rejected,  as  they 
generally  contaio  cadmium  and  arsenic. 

Zinc  is  a  white  metal,  with  a,  shade  of  blue, 
capable  of  being  polished  and  then  assnming  a 
briirht  metallic  lustre.  It  is  usually  brittle,  and 
its  fracture  exhibits  a  crystalline  structure.  But  _ 
line,  if  pure,  may  be  hammered  into  thin  leaves, 
at  the  uiiual  temperature ;  and  commcrcinl  zinc, 
which  i.s  impure  and  brittle  at  a  low  temperature,  acqui 
between  210"  and  300":  it  may  then  be  laminated. 
consumed  in  the  form  of  sheet  linc  for  a  variety  of  useful  purposes.  At 
400°  it  again  becomes  brittle,  and  may  bo  reduced  to  powder  in  a  mortar  of 
that  temperature.  The  density  of  east  Bine  is  6'863,  but  it  may  be  in- 
creased by  forging  to  7'21,  Its  point  of  fusion  is  773°  (Daniell).  At  ■  red 
heat,  zino  rises  in  vapour  and  takes  fire  in  the  air,  burning  with  a  white  flame 
like  that  of  phosphorus;  the  white  oxide  produced  is  carried  up  mechant* 
cally  in  the  air,  although  itself  a  fixed  sub.<jtance.  Laminated  cine  is  a  valuable 
substance,  from  its  little  disposition  to  undergo  oxidation.  When  exposed  to  air 
or  placed  in  water,  its  surface  becomes  covered  with  a  grev  film  of  suboxide, 
which  docs  not  increase ;  this  film  is  better  calculated  to  rmiat  Dotb  the  mcohanical 
and  chemical  effects  of  other  bodies  than  the  metal  itself,  and  preserves  it.  Zinc 
dissolves  with  focility  in  dilute  hydrochloric,  sulphuric  and  other  hydrated  acids, 
by  Bubstitation  for  hydrogen.  In  contact  with  iron,  it  protects  the  latter  from 
oxidation  in  any  Balina  fiuid. 

Zinc  appetttfl  to  form  three  oxides,  the  suboxide  above  referred  to,  the  protoxide, 
■ad  a  pennid%  which  bat  is  produced  when  th«  hydrated  protoxide  is  aoted  upon 
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by  a  Rr»1ution  of  peroxide  of  hydrogen ;  but  of  these,  the  first  and  last  hvrt  not 
been  studied;  and  the  protoxide  is,  therefore,  the  only  well  known  oxide  of  unc. 

rrutox'ule  of  zinc ;  ZnO;  40*52  or  506*6.  —  This  oxide  maj  be  obtained, in 
the  form  of  an  anhydrous  white  powder,  by  the  combustion  of  the  metal  in  & 
stoiiowuro  crucible,  or  as  a  white  hydrate,  by  precipitation  from  its  salts  by  la 
alkali.  It  is  of  a  yellow  colour  at  high  temperatures,  but  becomes  colourless  a^a 
on  cooling.  By  the  oxidation  of  zinc  in  air  and  water,  without  access  of  carbonic 
acid,  a  hydrate,  3ZuO  +  110,  has  been  obtained  in  crystalline  needles  (MitscliGT- 
lich). 

Oxide  of  zinc  combines  with  acids  and  forms  salts,  which  arc  colourlcs^s,  like 
those  of  magnesia.  Caustic  alkalies  form  with  zinc-salts  a  white  gclatinou.^  pre- 
cipitate of  the  hydra  ted  oxide,  soluble  in  excess  of  the  alkali.  Carbonate  of 
potitsh  or  soda  throws  down  white  carbonate  of  zinc,  insoluble  in  excess;  ctirio' 
natc  of  ammonia  J  the  same  precipitate,  soluble  in  excess.  Ferrocf/anith  o/]-*t!*t^ 
sium,  and  the  alkaline  phosphates  and  arscniafcs,  also  form  white  preci])icatcs. 
Zinc-salts  containing  a  strong  acid  in  excess,  arc  not  affected  by  hydrusujphario 
acid,  but  give  a  white  hydmtcd  sulphide  with  alkaline  sulphides.  A  solution  of 
acetate  of  zinc  is  readily  decomposed  by  hydrosulphuric  acid. 

The  native  sulphide  of  zinc,  or  zinc-hlendcj  ZnS,  crystallizes  in  octohedroni. 
Its  colour  is  variable,  being  sometimes  yellow,  red,  brown,  or  black. 

Chloride  of  zinc ^  ZnCl,  is  produced  by  the  combustion  of  zinc  in  chlorine,  and 
by  dissolving  the  metal  in  hydrochloric  acid.  It  is  fusible  at  212°,  vulatilc  at  a 
red  heat,  and  perhaps  the  most  deliquescent  of  salts.  Chloride  of  zinc-ammo- 
nium,  NU3Zn.Cl,  is  obtiiiued,  according  to  Ritthauscn,  in  white  prismatic  crystals, 
when  zinc  and  copper,  or  zinc  and  silver,  are  placed  in  contact  in  a  sulution  of 
sal-ammoniac,  or  by  the  action  of  zinc  on  a  solution  of  sal-ammoniac  containing 
chloride  of  copper. 

Iodide  of  zinc  is  formed  by  digesting  iodine,  zinc,  and  water  together,  and 

resembles  the  chloride.  The  compound  ZnI.2NITs,  or  NiIj(NH4)Zn.I,  fomu 
crystals  belonging  to  the  rhombic  system  ^Rammelsberg). 

The  neutral  carbonate  of  zinc  forms  the  ore  called  calamine.  When  precipi- 
tated by  an  alkaline  carbonate,  the  salts  of  zinc,  like  those  of  magnesia,  y'w]d  the 
neutnil  carbonate  in  combination  with  hydrated  oxide,  2(ZuO.C02)-f  o(ZriO.llU). 
The  mineral  substance,  zinc-bloom^  is  of  the  same  composition.  I'rucipiuited  ia 
the  cold,  the  carbonate  is  ZnO.C02+2(ZnO.I10),  but  is  contaminated  with  sul- 
phate of  soda  (Mitschcrlich). 

Sulphate  of  zinc,  Whit*'  vitriol,  ZnO.SOj-f  7II0.  — This  salt  is  formed  by  the 
oxidation  of  the  native  sulpliidc  at  high  temperatures,  or  by  dissolving  the  luotil 
in  dilute  sulphuric  acid.  It  crystillizes  in  colourless  prismatic  crystals,  containing 
7  eq.  of  water,  the  form  of  which  is  a  right  rhombic  prism.  This,  like  all  the 
other  magnesia n  sulphates,  gives  up  6  eq.  of  its  water  at  about  212^,  while  the 
seventh  or  constitutional  ccjuivalent  recjuires  a  heat  of  400°  to  expel  it.  The 
crystals  are  soluble  in  2^  times  their  weight  of  water,  at  the  usual  temperature^ 
and  fuse  in  their  water  of  crystallization  when  heated.  The  salt  also  crv?ta!lizei 
above  80°,  with  6  eq.  of  water,  in  oblique  rhombic  prisms  (Mitschcrlich.) 
According  to  KUhn,  another  hydrate  is  formed  and  precipitated  as  a  white  pjwdcr 
containing  2  ecj.  of  water,  when  a  concentrated  solution  of  sulphate  of  zinc  il 
mixed  with  oil  of  vitriul.  Sulphate  of  zinc  forms  the  usual  double  salt  with  boI- 
phate  of  potash,  ZnO.SOj+KO.SOa  +  BIIO.  The  double  sulphate  of  zinc  and 
soda  contains  4  atoms  of  water,  ZnO.SO,  +  NaO.S03  +  4HO.  It  is  formed  bji 
singular  decomposition  (p.  183).  When  a  solution  of  the  sulphate  is  mixed  wilk 
a  quantity  of  alkali  less  than  sufficient  for  complete  precipitation,  a  tubtulpk^ 
of  zinc  precipitates,  which,  according  to  the  analyses  of  several  chemiata,  cootUBl 
4  eq.  of  oxide  of  zinc  to  1  eq.  of  sulphurio  acid,  besides  water.  A  concentntil 
solution  of  sulphate  of  zinc  dissolves  the  preceding  sabealty  and,  when  nionted^ 
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ins  a  compound  of  1  eq.  of  acid  and  2  eq.  of  base,  accordinpj  to  Schindler, 
Iocs  not  crystallize.     From  this  solution,  Schindler  obtained  the  fonncr  iiiso- 

subsalt  with  two  different  proportions  of  water,  in  long  crystalline  needles, 
ining  lOHO,  by  spontaneous  evaporation  of  the  solution,  and  in  brilliant 
alline  plates  containing  2H0,  which  were  deposited  on  boiling  the  solution, 
iluting  the  same  solution  with  a  large  quantity  of  water,  he  also  obtained 
icr  subsalt,  as  a  light  bulky  precipitate,  which  contained  1  eq.  of  acid,  8  eq. 
:idc  of  zinc,  and  2  eq.  of  water.     The  insoluble  matter,  which  precipitates 

sulphate  of  zinc-ammonium  (NH3Zn)0.S08  is  thrown  into  water,  is  con- 
3d  by  Kane  as  a  third  subsulphate  of  zinc,  containing  1  eq.  of  acid,  G  eq.  of 
!  of  zinc,  and  10  eq.  of  water.  All  these  subsulphatcs  afford  neutral  sulphate 
ic  to  water,  after  being  heated  to  redness ;  so  that,  whatever  their  constitu- 
may  be  when  hydrated,  it  is  certainly  different  from  what  it  is  in  their  anhy- 
1  condition. 

(ratn  of  zinc,  ZnO.NOs+CHO,  is  very  soluble  in  water,  and  moderately 
acsccnt. 

osplidfe  of  zinc  J  ZnOj.IIO.POs  -f  2IT0,  is  obtained  in  minute  silvery  plates, 
1  are  nearly  insoluble,  on  mixing  dilute  solutions  of  phosphate  of  soda  and 
ate  of  zinc. 

Uciitc  of  zinc  is  found  as  a  crj^stalline  mineral,  which  has  received  the  name 
e  electrical  oxide  of  zinc,  because  it  acquires,  like  the  tourmalin,  a  high 
e  of  electrical  polaritv  when  heated.  It  contains  water,  and  may  be  repro- 
d  by  the  formula  2(3Zn0.8i03)-f  3110. 

e  most  important  alhtt/s  of  zinc  are  those  with  copper,  which  form  the  varie- 
f  brass.  Zinc  also  combines  readily  with  iron,  and  is  contaminated  by  that 
,  when  fused  in  an  iron  crucible. 

IMATION  OF  ZINC,  AND  METHODS  OP  SEPARATING  IT  FROM  OTHER  METALS. 

ic  is  precipitated  from  its  solutions  by  carbonate  of  soda,  which,  when  added 
cess  and  boiled  with  the  solution,  throws  down  carbonate  of  zinc.  It  is  best, 
^^er,  to  pour  the  zinc-solution  into  the  hot  solution  of  the  alkaline  carbonate, 
ise,  in  that  case,  we  may  be  sure  of  not  forming  a  basic  salt.  If  the  zino- 
on  contains  ammoniacal  salts,  it  must  be  boiled  with  a  quantity  of  carbonate 
la  sufficient  to  decompose  those  salts ;  then  evaporated  to  dryness  \  the  resi- 
reated  with  a  large  quantity  of  water  to  dissolve  out  the  soluble  salts ;  and  the 
nate  of  zinc  collected  (mi  a  filter  and  well  washed  with  hot  water.  The  cva- 
ion  sliould  be  conducted  as  quickly  as  possible.  The  carbonate  of  zinc,  when 
and  ignited,  yields  oxide  of  zinc  cont:iining  80-26  percent,  of  the  metal, 
separating  zinc  from  other  metals,  it  is  often  necessary  to  precipitate  by 
ide  of  ammonium.  If  the  solution  is  acid,  it  must  be  previously  neutralized 
inionia.  The  precipitate  must  not  be  thrown  on  the  filter  immediately,  but 
)  settle  down  completely,  after  which  the  clear  liquid  must  first  be  piissed 
gh  the  filter,  and  then  the  precipitate  thrown  on  it.  If  this  precaution  bo 
sted,  the  sulphide  of  zinc  will  stop  up  the  pores  of  the  filter.  The  precipi- 
I  washed  with  water  containing  a  little  sulphide  of  ammonium ;  then  dissolved 
drochloric  acid ;  the  solution  boiled  to  drive  off  the  hydrosulphuric  acid ;  and 
nc  precipitated  by  carbonate  of  soda  as  above. 

ic  is  separated  from  the  alkalies  and  alkaline  earths  (baryta,  strontia,  and 
by  means  of  sulphide  of  ammonium.  In  the  case  of  the  alkaline  earths, 
rer,  great  care  must  be  taken  to  prevent  the  ammoniacal  liquid  from  absorbing 
i\c  acid  from  the  air,  as  that  would  occasion  a  precipitation  of  the  earth  in  tho 
[>f  carbonate.  For  this  purpose,  the  filtration  must  be  effected  as  quickly  as 
Ic,  and  the  liquid  well  protected  from  the  air.  The  separation  of  zinc  from 
I  may  also  be  effected  by  sulphuric  acid,  and  from  lime  by  oxalate  of 
nia. 
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From  magnesiOy  zinc  may  be  separated  by  sulphide  of  ammoDiam,  a  safficWnt 
quantity  of  chloride  of  ammoniuui  being  previously  added  to  prevent  the  precipi- 
tation of  the  magnesia.  Or  the  separation  may  be  effected  by  convertinj!  ine 
zinc  and  magnesia  into  acetates,  and  precipitating  the  zinc  as  suJpbide  by  ivdio* 
sulphuric  acid. 

The  separation  of  zinc  from  alumina  and  glucma  may  also  be  eifected  by  con- 
verting the  two  bases  into  acetates  and  precipitating  the  zinc  by  hydrcwiwlphuric 
acid ;  or  by  dissolving  in  potash,  and  precipitating  the  zinc  by  hydrosulpburic 
acid ;  but  the  former  method  is  to  be  preferred. 

The  conversion  into  acetates  and  precipitation  by  hydrosulphuric  acid  liki-wis 
Bcrv'cs  to  separate  zinc  from  zircon  la y  yttria^  thorina,  and  mawjanvsc.  The  ?q^a- 
ration  from  manganese  may  also  be  efTected  by  converting  the  two  mt'lals  into 
chlorides,  passing  chlorine  gas  through  the  solution  to  convert  the  manganese  iato 
bioxide,  and  completing  the  precipiUition  of  the  latter  by  carbonate  of  baiyta. 

From  iroHj  zinc  may  be  separated  by  ammonia,  or  better  by  succinate  of  ammO' 
nia,  the  same  precautions  being  used  as  in  the  separation  of  iron  from  niaD;raneM 
by  the  same  method  Tp.  458).  The  iron  (in  the  state  of  sesquioxide)  may  ak 
be  precipitated  by  carbonate  of  lime  or  carbonate  of  baryta. 

From  cohah  and  nicktl,  zinc  is  separated  by  dissolving  the  oxides  of  both  metak 
in  exccs»  of  acetic  acid,  and  precipitating  the  zinc  by  liydrosulphuric  acid.  NicW 
and  cobalt  are  completely  precipitated  by  hydrosulphuric  acid  from  the  neainl 
solutions  of  their  acetates,  but  not  when  a  considerable  excess  of  acetic  aciJ  is 
present.  But  in  separating  zinc  from  cobalt  and  nickel  in  this  manner,  a  smill 
quantity  of  the  latter  metals  is  generally  precipitated  with  the  zinc  towunls  the 
end  of  the  process,  the  precipitate  then  becoming  greyish  bluek.  In  that  ca«il 
must  be  redissolved  in  hydrochloric  acid,  the  chlurides  converted  into  act-'tttis.  ind 
the  precipitation  repeated.  Another  method  of  separation  is  to  convert  the 
metals  into  chlorides,  and  ignite  the  dry  chlorides  in  a  stream  of  hydn.>gcn  g&s: 
the  nickel  or  cobalt  Ls  then  reduced  to  the  mctiillic  state,  while  the  chloriilc  of 
zinc  remains  unaltered,  and  may  be  dissolved  out  by  water.  (For  the  sc^paratioo 
of  cobalt  from  zinc,  see  also  p.  470.) 

In  precipitating  zinc  from  its  acetic  acid  solution  by  hydrosulphuric  acid,  it  is  n^ 
cessary  that  the  solution  be  quite  free  from  inorganic  acids,  which  would  interfrfi 
with  the  precipitation.  This  may  be  eflfected  either  by  precipitating  the  lut-tifa 
with  carbonate  of  soda,  watshing  the  precipitate  and  dissolving  it  in  acvlic  aoid,or 
by  boiling  the  solution  with  excess  of  sulphuric  acid  to  drive  off  the  inur,pnifl 
acids  (if  volatile)  and  decomposing  the  sulphate  with  acetate  of  bar}-tx 
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CADMIUM. 

Eq.  65-74  or  69G-77 ;  Cd. 

This  metal  is  frequently  found  in  small  quantity,  associated  with  zinCyUl 
derives  the  name  cadmium,  applied  to  it  by  JStromcyer,  from  vafhniaj'a$iti»,^ 
denomination  by  which  the  common  ore  of  zinc  was  formerly  dc^iignated.  latk* 
process  of  reducing  ores  of  zinc,  the  cadmium  which  they  contain  comes  o** 
among  the  first  products  of  distillation,  owing  to  its  greater  volatility.  It  miiW 
bcpanited  from  zinc,  in  an  acid  solution,  by  hydrosulphuric  acid,  which  ihtWi 
down  cadmium  as  a  yellow  sulphide.  This  sulphide  dissolves  in  coDCcntnk' 
hydrochloric  acid,  affording  the  chloride  of  cadmium,  from  which  the  carbotfM 
may  be  precipitated  by  an  excess  of  carbonate  of  ammonia.  Carboiute  of  ^^ 
xuiom  is  converted  by  ignition  into  the  oxide;  and  the  latter  jidds  tbs 
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rhcn  Tiiixcd  with  onc-tcnth  of  its  weight  of  pounded  coal,  and  distilled  in  a  glass 
ir  porceluin  rcturt,  at  a  low  red  heat. 

CH(liiiiuiu  18  a  wliitc  metal,  like  tin,  very  ductile  and  malleable.  It  fuses  con- 
iderably  under  a  red  heat,  and  is  nearly  as  volatile  as  mercury.  The  density  of 
aduiiuin,  cast  in  a  mould,  is  8604,  after  being  hammered,  8*6944.  Cadmium 
lay  be  dissolved  in  the  more  powerful  acids,  by  substitution  for  hydrogen,  with 
he  aid  of  heat ;  but  nitric  acid  is  its  proper  solvent. 

Oxide  of  cadmium^  CdO;  63*74  or  796*77 The  only  known  oxide  of  cad- 

lium  is  obtained  by  the  combustion  of  the  metal,  or  by  the  ignition  of  its  carbo- 
ate,  as  a  powder  of  an  or:iuge  colour,  or  as  a  white  hydrate  by  precipitation  from 
Ls  salts  by  an  alkali.  Its  density,  in  the  anhydrous  condition,  is  8*183  (Ilera- 
•ath).  By  i<rniting  the  nitrate,  the  oxide  is  obtained  in  microscopic  octohedrons, 
rhich  arc  dark  bluish  black  by  reflected,  and  dark  brown  with  a  tinge  of  violet 
y  transmitted  light  (Schiller).  This  oxide  is  soluble  in  ammonia,  but  not  in  its 
arbonate  (differing  in  the  last  property  from  zinc  and  copper)  nor  in  the  fixed 
Ikalies.  Its  salts  are  white,  and  greatly  resemble  those  of  zino.  They  are  pre- 
ipitatcd  of  a  line  yellow  colour  by  hydrosulphuric  acid. 

Sulphide  of  cadmium  is  distinguished  from  sulphide  of  arsenic,  which  it  rc- 
3mblcs  in  colour,  by  being  insoluble  in  potash  and  in  sulphide  of  ammonium,  and 
y  sustaining  a  red  heat  without  subliming.  A  crystalline  sulphide  is  obtained 
y  fusing  1  part  of  the  precipitated  sulphide  with  5  parts  of  carbonate  of  potash 
ad  5  parts  of  sulphur ;  or  by  passing  dry  hydrosulphuric  acid  gas  over  strongly- 
eated  chloride  of  cadmium. 

Chloride  of  cadmium  forms  a  crystalline  hydrate,  containing  CdCl  +  2H0. 
1;  also  forms  crystalline  compounds  with  the  chlorides  of  ammonium,  potassium, 
)dium,  barium,  strontium,  calcium,  magnesium,  manganese,  iron,  cobalt,  nickel, 
id  copper.  A  solution  of  chloride  of  cadmium,  mixed  with  excess  of  ammonia, 
ields  by  spontaneous  evaporation  the  compound  NHgCdCl  (C.  v.  Hauer). 

The  same  ammoniacal  solution  treated  with  excess  of  hydrochlorio  acid  de- 
3sits  crystalline  crusts,  which,  according  to  Schiiler,  contain   CdCl.SNH,  or 

'II(Nll4)2Cd.Cl.  Sulphurous  acid  gas  passed  through  the  ammoniacal  solution 
irows  down  a  white  crj'stalline  precipitate  containing  CdO.SOj  +  NH40.S0a 
schiiler.) 

J'xJide  of  cadmium  forms  a  crystalline  compound  with  water. 

Uromidc  of  cadmium  mixed  in  equivalent  quantity  with  bromide  of  potassium 
I  solution,  yields  crystals,  first  of  2CdBr.K13r+2HO,  afterwards  of  CdBr.2KBr 
U.  V.  llauer). 

Sulj^haU'  of  cadmium  forms  efflorescent  crystals  containing  CdO.SOj  +  4110 
Btromcyer).  According  to  Kiihn  and  Von  llauer,  an  acid  solution  of  the  salt 
3nccntratcd  at  the  boiling  heat,  deposits  nodular  cr}'stals,  which  contain  CdO.SOa 
-IIO,  and  give  off"  their  water  at  212°.  The  crystals  obtained  by  evaporation  at 
rdinary  temperatures  contain  3(CdO.SOs)  +  8110,  give  off  nearly  3  eq.  water  at 
12°,  and  the  rest  at  a  low  red  heat  (C.  v.  Ilauer).  Sulphate  of  cadmium  forms 
ith  sulphate  of  potash  the  compound  CdO.SOs+  KO.SO3  +  6H0,  and  similar 
ouble  salts  with  the  sulphates  of  soda  and  ammonia. 

Several  definite  allot/s  of  cadmium  have  been  formed.  At  a  red  heat,  100 
arts  of  platinum  retain  117*3  parts  of  cadmium,  giving  a  compound  =  Cd^Pt : 
00  parts  of  copper  retain,  at  a  red  heat,  82  2  of  cadmium,  which  approaches 
early  to  the  proportion  of  CdCug.  Cadmium  forms  an  amalgam  with  mercury, 
hich  crystallizes  in  octohedrons,  and  consists  of  21*74  parts  of  cadmium,  and 
8-26  of  mercury,  CdHgj. 

Euimation  of  cadmium,  and  method  of  separating  it  from  the  preceding 
^eiaU. — Cadmium  b  best  precipitated  from  its  solutions  by  carbonate  of  soda;  it 
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is  tlicreby  obtained  aa  a  cnrbonate,  wliich  by  ignition  fields  tbe  biOWn  ondftcn- 
fciining  87-45  per  cent,  of  the  metal. 

Fruui  all  the  preceding  nietaU  cadmium  may  be  separated  bj  bydrcoilpliiuic 
ncid ;  the  sulphide  of  cadniiuin  being  then  dieaolved  by  Ditiic  acid,  and  tlu  ntui 
preeipitated  by  carbonate  of  swla  as  above. 


SECTION    VII. 


Eq.  SlOG  or  3957;  Cu  (ctyjrum). 

Copper,  if  not  the  most  ahundaut,  is  certainly  one  of  the  moEt  generally  diSdid 
of  the  nietuls.  Its  ores  are  often  accompanied  by  metallic  copper,  cr^-i-ialliied  in 
cubes  or  octuhcdroDS.  Very  lai^c  masses  of  native  copper  have  been  fnund  nctf 
Lake  Superior  in  North  America,  one  of  which  freighed  220U  pounds;  in  (te 
Cliff  mine,  on  the  Kngio  river,  a  mass  has  been  found  weighing  5iJ  tuns.  Natin 
copper  is  also  found  in  considerable  (juautities  in  the  deeoniposoii  basalt  of  Rh™- 
bri'itcnbacU,  near  Hccsk  in  Hungary,  and  near  Harleeh,  North  WaK'S.  Tit 
richest  mines  of  Britain  are  tliosc  in  Cornwall  and  Aiiglesea.  The  cohibim 
ore  of  this  metal  is  copiitr  jij/ritfn,  a  compound  of  suhsulphi<lc  uf  copper  and  ttt- 
quisulphidc  of  iron,  or  a.  sulpliur-salt,  Ou^+Fe,S„  but  in  which  the  two  sulpbido 
arc  also  found  in  other  proportions,  and  which  also  contains  an  admixture  uf  ttie 
bisulphide  of  iron.  Few  mctallurgic  processes  require  more  skill  and  ittentivs 
than  the  extraction  of  copper  from  this  ore.  The  ore  is  first  roasted  at  t  bi^ 
temperature  in  a  revcrberotory  or  flame-furnace,  (^fig.  I'JS),  wbcrcby  the  aulpbiu 
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of  iron  is  in  great  part  converted  into  oxide,  while  the  sulphide  of  copper  muiM 
unaltered.  The  product  of  this  operation  in  then  strongly  heated  with  lilidoH 
Band,  which  conibincs  with  the  oxide  of  iron,  forming  a  fusible  slag,  and  sepuiW 
from  the  heavier  copper  compound.  This  operation  is  performed  in  a  rcTcibe* 
tory  furnace  similar  to  tho  fonucr,  but  of  smaller  dimensions.  These  pr«<*> 
arc  several  tiiiicK  repeated,  whereby  the  ijuantity  of  iron  is  continually  diniinifhid, 
and  the  sulphide  of  copper  begins  to  decompose,  giving  it  up  its  sulphnr  and  i^ 
sorbing  oxygen ;  the  tcni[icrature  is  then  raised  high  enough  to  reduce  the  if- 
Bulting  oxide  by  the  aid  of  carbonaceous  m.itlcr.  Tlio  coarte  cpprr  thai  i^ 
tallied,  containing  from  80  to  ^0  per  cent,  of  copper,  is  then  melted  under  it 
action  of  a  strong  blast  of  air,  to  complcto  the  expulsion  of  vobtilc  matteT,ul 
the  copper  is  partially  oxidized.  Lastly,  to  free  it  from  oxide,  which  rentes  it  ' 
brittle,  it  is  again  melted  with  its  surface  well  covered  with  charcoal,  udaid)  j 
of  bircbwood  is  tJirust  into  it ;  this  causen  considerable  ebullition,  tbo  oxida  kiai 
reduced  by  the  carbonaceous  matter,  and  carbonic  aoid  eMxpii^.    ftimrlut  rf  thl  I 
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are  taken  ont  from  time  to  time,  and  tested  by  the  hammer,  the  process 
discontinued  as  soon  as  the  ricrht  doj^ree  of  tou<rhness  is  attained.  H  tlio 
f7  IS  continued  too  long,  the  copper  takes  up  carbon,  and  then  becomes  even 
brittle  than  in  its  former  oxidized  state  :  it  is  then  said  to  be  over-polcit y  and 
be  airain  melted  in  contact  with  the  air  to  burn  away  the  carbon.* 
pper  is  the  only  metal  of  a  red  colour.  The  crystals  of  native  copper,  and  of 
obtained  in  the  humid  way  by  precipitation  with  iron,  belong  to  the  regular 
n  ;  but  the  crystals  which  form  in  the  cooling  of  melted  copper  wore  found 
eboek  to  be  rhomboidal,  and  to  have  a  different  place  in  the  thermo-electric 
from  the  other  crystals.  The  density  of  copper  when  cast  is  abuut  8  83, 
rhen  laminated  or  forged  8  05  (Berzelius).  It  is  less  fusible  than  silver,  but 
so  than  gold,  its  point  of  fusion  being  100(3°  (Daniell).  It  is  one  of  the 
highly  malleable  metals,  and  in  tenacity  is  inferior  only  to  iron.  It  has  much 
ffinity  for  oxygen  than  iron,  and  decomposes  water  only  at  a  bright  red  heat, 
>  a  small  extent.  In  damp  air,  it  acquires  a  green  coating  of  subcarbonate 
•per,  and  its  oxidation  is  remarkably  promoted  by  the  presence  of  acids.  The 
T  acids,  such  as  acetic,  have  no  cfToct  upon  topper,  unless  with  the  concur- 
of  the  oxygen  of  the  air,  when  the  copper  rapidly  combines  with  that 
n,  and  a  salt  of  the  acid  is  formed.  Copper  scarcely  decomposes  the  hy- 
l  acids  by  displacing  liydrogen  ]  when  boiled  in  hydrochloric  acid,  it  disen- 
00 ly  the  smallest  traces  of  that  gas.  But  h)'drogen  does  not  precipitate 
ic  copper  from  solution.  Copper  acts  violently  on  nitric  acid,  occasioning 
composition,  with  evolution  of  nitric  oxide,  and  dissolving  as  a  nitrate. 
)xidr  t)f  vopptTj  Red  oxide  of  copper,  Cvprous  oxide,  Cu^O;  71  "32  or 
.  —  This  degree  of  oxidation  is  better  marked  in  copper  than  in  any  other 
of  the  magnesian  class.  The  dioxide  of  copper  is  found  native  in  octohc- 
rystals,  and  may  be  prepared  artificially  by  heating  to  redness,  in  a  covered 
'Ic,  a  mixture  of  5  ])arts  of  the  black  oxide  of  copper  with  4  parts  of  copper- 
.  It  is  a  reddish-brown  powder,  which  undergoes  no  change  in  the  air.  Tho' 
e  of  vessels  of  polished  copper  is  often  converted  into  red  oxide,  or  bronzed, 
ble  them  to  resist  the  action  of  air  and  moisture :  this  is  done  by  covering 
with  a  paste  of  sesquioxide  of  iron,  heating  to  a  certain  point,  and  afterwards 
ng  them,  to  remove  the  oxide  of  iron;  or  otherwise,  by  means  of  a  boiling 
m  of  acetate  of  copper. 

jte  acids  decompose  red  oxide  of  copper,  dissolving  the  protoxide,  and  leaving 
ic  copper.  Undiluted  hydrochloric  acid  dissolves  the  red  oxide,  without  de- 
sition,  or  rather  forms  a  corresponding  chloride  of  copper,  Cu^Cl,  which  is 
3  in  hydrochloric  acid.  The  hydrated  alkalies  precipitate  hydrated  cuprous 
from  that  solution,  of  a  lively  yellow  colour,  which  changes  rapidly  in  air 
bsorption  of  oxygen. 

trous  oxide  is  also  formed  when  copper  is  placed  in  a  dilute  solution  of  am- 
contaiuing  air,  and  is  dissolved  by  the  alkali.  If  the  ammonia  has  been 
up  in  a  bottle  with  copper  for  some  time,  the  liquid  is  colourless;  but  on 
g  it  out  in  a  thin  stream,  it  immediately  becomes  blue,  by  absorbing  oxygon, 
quid  may  be  again  deprived  of  colour  by  returning  it  to  the  bottle,  and 
:  it  up,  in  contact  with  the  metid.  Cuprous  oxide  is  also  readily  obtained 
5  reducing  action  of  glucose  (grape-sugar)  on  the  protoxide  or  its  salts. 
a  solution  of  1  part  of  common  sulphate  of  copper  and  1  part  of  glucose  is 
with  a  sufficient  quantity  of  caustic  potash  or  soda  to  redissolve  the  preci- 
fir>t  formed,  and  the  liquid  gently  warmed,  cuprous  oxide  is  abundajitly 
tatcd  in  the  form  of  a  yellowish-red  crystalline  powder.  Cane-sugar  pro- 
the  same  effects,  but  more  slowly,  apparently  because  it  must  first  be  con- 
into  irlucose. 

niuatc  account  of  the  j)roce.«».s  of  coppcr-sraelting  as  practised  at  Swansea,  has  lately 
ren  by  Mr.  Napier  in  tho  **  Philosophical  Magazine/'  4th  Scries,  vols.  iv.  and  v. 
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Compotinds  have  been  obtained  of  cuprous-oxide  with  several  acids,  particulariy 
with  sulphurous  acid,  the  sulphite  fonninp;  a  double  salt  with  sulphite  of  pobfb, 
Cu20.S02+2(KO.S02)  (>Iu8pratt);  also  with  hjposulphurous,  sulphunc.  car- 
bonic and  acetic  acids.  When  fiused  with  vitreous  matter,  cuprous  oxide  jrives  a 
beautiful  ruby-red  glass ;  but  it  is  dilHcult  to  prevent  the  cuprous  oxide  frum 
absorbing  oxygen,  in  which  case  the  glass  becomes  green. 

Ilf/dride  of  copper.  Cuprous  hi/ilridcj  CujH. — When  a  solution  of  cupric«ulphal» 
and  hypophosphorous  acid  is  heated  not  above  158°,  this  compound  is  dopKiti-d 
as  a  yellow  precipitate,  which  soon  turns  red-brown.  It  gives  off  hydrc»j:eu  vben 
heated,  takes  fire  in  chlorine  gas,  and  when  treated  with  hydrochloric  acid,  is  cvn- 
verted  into  dichloridc  of  copper,  with  evolution  of  a  double  quantity  of  hy'livz^Qi 
the  acid  in  fact  giving  up  its  hydrogen  as  well  as  the  copper  compound  ( WurtzJ : 

CuaH  +  nCl  =  CujCl  +  HH. 

This  action  is  very  remarkable,  inasmuch  as  metallic  copper  is  scarcely  acted  open 
by  hydrochloric  acid.  It  appears  to  arise  from  the  two  atoms  of  hydp?;jw?n  con- 
tained in  the  acid  and  the  hydftde  being  in  opposite  states,  the  former  boiriL:  ba?j- 
lous  or  positive,  the  latter  chlorous  or  negative,  and  so  disposed  to  comfitn*'  fo»7cfA'r, 
just  as  the  hydrogen  of  the  hydrochloric  acid  combines  under  similar  circum- 
stances with  the  oxygen  of  the  compound  CujO.  The  reduction  of  certain  metallic 
oxides  by  peroxide  of  hydrogen  affords  another  example  of  the  game  kind  of 
action. 

Disulphule  0/ copper y  Cuprous  tulphtdcy  Cu^S,  forms  the  mineral  copprr-^jfaiice, 
and  is  also  a  constituent  of  copper  pyrites.  It  is  a  powerful  sulphur-base.  Cupper- 
filings,  mixed  with  half  their  weight  of  sulphur,  unite,  when  heated,  with  iateoM 
ignition,  and  form  this  disulphidc. 

Dtrhhride  of  Cupper,  Cuprous  chloride,  CutCl,  may  be  prepared  by  heitin* 
copper-filings  with  twice  their  weight  of  corrosive  sublimate.  It  was  obtained  bj 
*  Mitscherlich  in  tetrahedrons,  by  dissolving  in  hydrochloric  acid  the  dichluiiJe  tf 
copper  formed  on  mixing  solutions  of  the  protochlorides  of  copper  and  tin.  and 
allowing  the  concentrated  solution  to  cool.  Dichloride  of  copper  so  prepanni  ii 
white,  insoluble  in  water,  soluble  in  hydrochloric  acid,  but  precipitated  by  dilatioa. 
It  is  dissolved  by  a  boiling  solution  of  chloride  of  pota.ssiura,  and  the  re^ultio; 
solution,  if  allowed  to  cool  in  a  close  vessel,  yields  large  octohedral  cr}*stal3  of  i 
double  chloride :  CU2CI.2KCI ;  they  are  anhydrous.  It  is  remarkable  that  tbe 
forms  of  this  double  salt,  and  of  both  its  constituents,  all  belong  to  the  regular 
system.* 

When  finely-divided  metallic  copper  is  boiled  in  a  saturated  solution  of  nl- 

ammoniac,  ammonia  is  evolved  and  a  white  salt  formed,  which  crystidlizeai  it 

rhombic  dodecahedrons :  it  contains  NHj.CugCl,  and  may  bo  regarded  as  a  dichloriiii 

NIICu) 
of  copper  and  cuprammoniura         'p    |-  CI.     A  solution  of  this  salt  exposed  to 

the  air  yields  blue  crystals  of  the  compound  NHj.CujCl  -h  NUjCuCl  -H  IIO;  ari 
the  mother-liquor,  after  further  exposure  to  the  air,  contains  the  salt  Nil,.  CuCIt 
NII4CI,  which  at  a  lower  temperature  crystallizes  in  large  cubes  (llitthausenX 

Diiu'ftdide  of  Copper,  Cuprous  iodide,  CujI,  is  a  white  insoluble  precipio^ 
obtained  on  mixing  a  solution  of  I  part  of  sulphate  of  copper  and  21  parts  tf 
protosulphate  of  iron,  with  a  solution  of  iodide  of  potassium. 

Dict/anide  of  copper.  Cuprous  cyanide,  CujCy.  —  Obtained  as  a  white  ciirh 
precipitate  on  adding  hydrocyanic  acid  or  cyanide  of  potassium  to  a  solution  « 
dichloride  of  copper  in  hydrochloric  acid,  or  to  a  solution  of  protochloridc  st 
copper  ii.ixcd  with  sulphurous  acid.  It  forms  a  colourless  solution  with  animodai 
and  a  y(?lIow  solution  with  strong  hydrochloric  acid,  from  which  it  Is  preci|»U<«' 
by  potash 

*  Mitscherlich  in  Poggendorff's  Annalen,  zHx.  401,  IMO. 
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Dicjanide  of  copper  unites  with  the  cyanides  of  the  alkali  and  carth-metals, 
od  with  the  cyanides  of  manganese,  iron,  zinc,  cadmium,  lead,  tin,  uranium,  and 
!lvcr,  forming  double  salts,  some  of  which  have  the  composition  MCy.CugCyi 
thers  BMCy.CujCy  (the  symbol  M  denotinj^;  a  metal). 

Citproso-cupric  cyanide,  CujCy  .  CuCy,  is  obtained  as  a  green  hydrate  by  adding 
ydrijcyanic  acid  or  ciiproso-potassic  cyanide,  KCy.CujCy,  to  sulphate  of  copper. 
t  forms  three  compounds  with  ammonia,  viz.,  NIl3.Cu3Cy2.IIO,  obtained  by 
iding  cyanide  of  ammonium  to  a  protosiilt.  of  copper,  and  the  compounds 
Nlla-Cujl^yj  and  SNHs.CujCya,  formed  by  the  action  of  ammonia  on  the  first 
3U1  pound. 

Cuprous  hyposulphite,  Cu20.3Sa02  +  2II0,  separates  in  microscopic  neodleSi 

aving  a  golden  lustre,  on  adding  a  saturated  solution  of  hyp<3sulphitc  of  soda  to 

concentrated  solution  of  cupric  sulphite,  till  a  deep  yellow  colour  is  produced. 

t  dissolves  in  aqueous  sal-am nioniuc,  and  the  solution  deposits  the  compound 

!Ui0.3h;A  +  NH3CUCI  4-  no.  (C.  V.  Ilauer). 

Cuproux  sulphitfi  is  said  by  some  chemists  to  be  obtained  in  a  definite  state  by 
he  action  of  sulphurous  acid  on  cupric  oxide ;  but  according  to  Rammclsborg 
nd  lYan  de  St.  Gilles,  it  exists  only  in  combination  with  cupric  sulphite,  forming 
he  compound  CuiO.SOa-f  CuO.SO^,  which  crystallizes  with  8  and  5  cq.  of  water, 
^and  with  the  sulphites  of  the  alkalies.  ]5y  treating  dichloride  of  copper  with 
xcess  of  sulphite  of  ammonia,  prisiuatic  crystals  arc  formed  containing  Cu20.S0g 
f-  7(^NIi40.S02)  +  10  Aq. ;  and  by  saturating  the  solution  of  this  salt  with 
ulpliurous  acid,  the  salt  CujO.SiOj  +  NII4O.8O3  is  obtained.  A  concentrated 
olution  of  sulphite  of  ammonia  and  cupric  sulphate  saturated  with  sulphurous 
cid  gas,  yields  light  green  crj'stals  containing  (CujO.SO^  +  NH4O  .  S0|)  + 
CujO  .  SO2  +  CuO  .  SO2)  +  5  aq.  Corresponding  double  salts  are  formed  by 
he  sulphites  of  potash  and  soda,  but  they  are  very  unstable. 

Protoxide  of  copper.  Black  oxide  of  Copper,  Cupric  oxide,  CuO ;  495*7  or  * 
19-60.  —  The  base  of  the  ordinary  salts  of  copper,  or  cupric  salts.  It  is  formed 
>j  the  oxidation  of  copper  at  a  red  heat,  but  is  generally  prepared  by  igniting  the 
I  it  rate  of  copper.  It  is  black  like  charcoal,  and  fuses  at  a  high  temperature. 
This  oxide  is  remarkable  for  the  facility  witli  which  it  is  reduced,  at  a  low  red 
leat,  by  hydio:zen  and  carbon,  which  it  converts  into  water  and  carbonic  acid.    It 

9  this  property  which  recommends  oxide  of  copper  for  the  combustion  of  organio 
ubstances,  in  close  vessels,  by  which  their  ultimate  analysis  is  effected. 

Oxide  of  copper  is  a  powerful  base.  Its  salts,  the  cupric  salts,  are  generally 
due  or  green,  when  hydrated,  but  white  when  anhydrous.  Although  neutral  in 
oiD position,  they  have  a  strong  acid  reaction.  They  are  poisonous;  but  their 
iffcct  upon  the  animal  system  is  counteracted  in  some  degree  by  sugar.  Liquid 
ilbumen  forms  insoluble  compounds  with  these  salts,  and  is  an  antidote  to  their 
>oisonous  action.  Copper  is  separated  in  the  metallic  state  from  its  salts  by  zino, 
roD,  lead,  and  the  more  oxidablc  metals,  which  are  dissolved,  and  take  the  place 
)f  the  former  metal. 

Potash,  or  soda,  added  to  the  solution  of  a  cupric  salt,  throws  down  at  first  a  blue 
jrocipitate  of  hydrated  cupric  oxide,  which,  however,  on  agitation,  takes  up  a 
portion  of  the  undccomposcd  salt,  and  forms  with  it  a  green  basic  salt.  An  excess 
>f  the  alkali  throws  down  the  hydrated  oxide  in  bulky  blue^kes,  which,  on 
joiling'the  mixture,  collect  together  in  the  form  of  a  black  powder,  consisting  of 
:lie  anhydrous  oxide.  This  reaction  is  greatly  modified  by  the  presence  of  fixed 
)rganic  substances,  such  as  sugar,  tartiiric  acid,  &c.  In  a  solution  of  sulphate  of 
50pper,  containing  such  substances  in  Jiufiicient  quantity,  potash  cither  produces 

10  precipitate,  or  one  which  is  quickly  ro-dii?solvcd,  forming  a  blue  solution ;  and 
:roni  this  solution,  when  boiled,  the  copper  is  sometimes  wholly  precipitated  as  red 
)r  yellow  cuprous  oxide,  as  when  grape-sugar  is  present,  —  or  partially,  as  with 
aue-sugar,  or  not  at  all,  as  with  tartaric  acid.     Ammonia^  added  by  degrees,  and 
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with  constant  apcitation,  to  the  solution  of  a  cupric  salt,  first  throws  down  a  «!reei 
basic  salt,  and  afterwards  the  blue  hydrate :  an  excess  of  amiuoniA  dissolves  th« 
precipitate,  forming  a  deep  blue  solution.     A  copper  solution,  dilated  so  far  u  to 
be  colourless,  becomes  distinctly  blue  on  the  addition  of  ammonia.     The  bine 
colour  thus  produced  is  still  visiole,  according:  to  Lassaigne,  in  a  solution  contain* 
ing  1  part  of  copper  in  100,000  parts  of  liquid.      Carbonatr  of  ytoiatih  nr  *>/a 
throws  down,  with  evolution  of  carbonic  acid,  a  greenish  blue  prccipit:itc  of » 
basic  carbonate  of  copper,  which  on  boiling  is  converted  into  the  black  oxide. 
Carhonate  of  ammonia  produces  the  same  precipiUitc,  but  when  added  in  cxc«», 
dissolves  it  abundantly,  forming  a  blue  solution.   Jli/drosufjthun'c  acid  and  Sdlutioni 
of  (tl/calinc  sulphides  throw  down  a  brownish  black  precipiuito  of  protosulpuido  of 
copper,  insoluble  in  sulphide  of  potassium  or  sodium,  slightly  soluble  in  sulphide 
of  ammonium.     Fcrrocyanide  of  potassium  forms  with  cupric  salts  a  deep  choco* 
late-coloured  precipitate  of  ferrocyanide  of  copper.     To  very  dilute  st>luiion5  it 
imparts  a  reddish  colour,  which  is  even  more  delicate  in  its  indications  than  the 
ammonia  reaction,  being  still  visible  in  a  solution  containing  I  part  of  c  ippiT  in 
400,000  parts  of  liquid,  according  to  Lassaigne,  and  in  1,000,000  parts,  atC'irilin;* 
to  Sarzeau.     Ferrocyanide  of  copper  dissolves  in  aqueous  annuoitia,  and  n*af«pcan 
when  the  ammonia  is  evaporated.     This  reaction  serves  to  detect  cxtremelv  small 
quantities  of  copper,  even  when  associated  with  other  metals.    Thus,  if  a  stlutioa 
containing  copper  and  iron  be  treated  with  excess  of  ammnnia,  a  few  drop*  uf 
ferrocyanide  of  potassium  added,  the  liquid  filtered,  and  the  filtrate  loft  to  crjp> 
rate  in  a  small  white  porcelain  capsule,  ferrocyanide  of  copper  will  be  left  bohiaJ, 
exhibiting  its  characteristic  rod  colour  (Warington).     Salts  of  copper  in^paii  i 
green  colour  to  flame.    The  black  oxide  of  copper  dissolves  by  fusion  in  a  vitnroni 
flux,  and  produces  a  green  glass.     Any  compound  of  copper  fused  with  borax  ia 
the  oxidizing  flame  of  the  blowpipe  forms  a  transparent  glass,  which  is  groou  while 
hot,  but  assumes  a  beautiful  blue  colour  when  cold.     In  the  reducing  flame,  the 
glass  becomes  opaque,  and  covered  on  the  surface  with  liver-coloured  streaL«  of 
cuprous  oxide,  or  met«Hic  copper.     This  last  reaction  is  somewhat  ditficuh  to 
obtain,  especially  when  the  quantity  of  copper  is  .small,  but  it  may  always  be 
ensured  by  fusing  a  small  piece  of  metallic  tin  in  the  bead.     Copper  salts  luixed 
with  carbonate  of  soda  or  cyanide  of  potassium,  and  heated  on  charcoal  before  the 
blowpipe,  yield  metallic  copper. 

Thenanl  obtained  a  higher  oxide  of  copper,  CuO^,  by  the  action  of  dilated 
bioxidc  of  hydrogen  on  the  hydratod  protoxide  of  copper. 

Chloride  of  copper,  cupric  chloride,  CuCI,  is  obtained  by  dissolving  the  black 
oxide  in  hydrochloric  acid.  Its  .solution  is  green  when  concentrated,  but  bine 
when  more  dilute,  and  the  salt  forms  blue  prismatic  cr}*stals,  containing  two  atom 
of  water.  It  combines  with  chloride  of  potassium,  and  more  readily  with  chloride 
of  ammonium,  forming  the  double  salts  KCl.CuCl  +  2II0,  NII^Cl.OuCl  -i-  2H0l 
Another  chloride  of  copper  and  ammonium,  containing  \II4Cl.2CuCl  -f  4110,  il 
obtained  in  fine  bluisli-green  crystals,  by  mixing  the  solution  of  I  cq.  sal-amuitfoitf 
and  2  eq.  chloride  of  copper. 

Chloride  of  copper  likewise  combines  with  ammonia,  forming  the  three  fitHowiaf 
compounds  :  — a.  SNHg.CuCl.  This  compound  is  obtained  by  saturating  dry  pi» 
tochloride  of  copper  with  ammoniacal  gas:  it  forms  a  blue  powder.  —  h.  iS^ 


absorption  of  the  gas;  and  the  resulting  solution  yields,  on  cooling,  suiJI  dtfk 
blue  octohedrons  and  square  prisms  with  four-sided  summits.  —  r.  NU^CbGI 
Obtained  by  heating  a  or  6  to  300°,  or  by  saturating  dry  chloride  of  copper,  il  • 
high  temperature,  with  ammoniacal  gas.  Forms  a  green  powder.  The  compMsi 
c  may  also  be  regarded  as  chloride  q/'ci/prammo/iium,NIisCu.CI,or  k^nckki^ 
ofcupramine,  NlltCu.UC],  the  base  being  ammonium  or  unmonia  in  wUcklH 
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fa  replaced  by  Ca.  Similarly,  b  may  be  regarded  as  a  haste  liydrockJorate  ofdicu' 
pramine,  NtH5Cu.HCl,  the  base  being  formed  by  the  union  of  two  atoms  of  am- 
monia into  one,  and  the  substitntion  therein  of  ICu  for  IH.  Lastly,  a  may  be 
regarded  as  basic  hjfdrochlorate  of  tricupramine,  NsHgCu.nCl;  or  again,  a  may 

be  regarded  as  NHAmaCu-Cl,  and  b  as  NIIjAmCu.CI. 

Carbonates  of  copper.  —  When  a  salt  of  copper  is  precipitated  by  an  alkaline 
carbonate,  a  hydratcd  suboarbonate  is  produced  containing  2  cq.  of  oxide  of  copper 
to  1  eq.  carbonic  acid.  It  is  a  pale  blue  bulky  precipitate,  which  becomes  denser 
and  green  when  treated  with  boiling  water.  It  is  used  as  a  pigment,  and  known 
B8  fnincral  yreen.  The  beautiful  native  green  carbonate  of  copper,  malachite^  is 
of  the  same  composition,  CuO.Coa  -|-  CuO.HO.  The  finely  crystallized  blue  copper 
ore  is  another  subcarbonatc.  It  may  be  represented  as  the  neutral  hydrated  car* 
bonatc  of  copper,  in  combination  with  a  similar  carbonate  of  copperi  in  which  the 
constitutional  water  is  replaced  by  oxide  of  copper : 

(CuO.COg+HO. 
tOuO.OOa+CuO. 

Id  the  green  carbonate,  the  constitutional  water  of  the  neutral  carbonate  of  copper 
is  replaced  by  hydrate  of  copper.  The  neutral  carbonate  of  copper  itself,  of  which 
the  formula  would  be  CuO.COj+HO,  is  unknown.  According  to  Thomson,* 
the  anhydrous  subcarbonatc  2CuO .  COj,  occurs  in  the  form  of  tnysortne,  which 
OODtains  also  ferric  oxide  and  silica. 

Sulphate  of  copper,  Cupric  sulphate.  Blue  vitriol,  CuO.SOs.HO  +  4H0; 
79*60  or  995-74-5G2-5.  —  This  salt  may  bo  formed  by  dissolving  copper  in  sul- 
phuric acid  diluted  with  half  its  bulk  of  water,  with  ebullition ;  the  metal  is  then 
oxidated  with  formation  of  sulphurous  acid.  But  the  sulphate  of  copper  is  more 
generally  prepared,  on  the  larjrc  scale,  by  the  roasting  and  oxidation  of  sulphide 
of  copper ;  or  by  dissolving  in  sulphuric  acid  the  oxide  formed  by  exposing  sheets 
»f  metallic  copper  to  air  at  a  red  heat.  It  forms  large  rhoniboidal  ciystals  of  a 
npphiro-blue  colour,  containing  5  eq.  of  water,  which  lose  their  transparency  in 
ixy  air  :  thoy  are  soluble  in  four  times  their  weight  of  cold,  and  twice  their  weight 
if  boiling  water.  Like  the  other  soluble  salts  of  copper,  the  sulphate  has  an  acid 
reaction ;  it  is  used  as  an  escharotic.  The  water  in  this  salt  may  be  reduced  to  1 
»q.  at  212°;  above  400**  the  salt  is  anhydrous  and  white.  Although  sulphate  of 
sopper  does  not  crystallize  alone  with  7H0,  yet,  when  mixed  with  the  sulphates 
if  magnesia,  zinc,  nickel,  and  iron,  it  crystallizes  along  with  these  isomorphous 
lalt?  in  the  form  of  sulphate  of  iron.    At  a  strong  red  heat  it  melts  and  loses  acid. 

The  anhydrous  sulphate  absorbs  2}  eq.  of  aniiuonia,  and  forms  a  light  powder  of 
i  deep  blue  colour  Til.  Hose.)  When  ammonia  is  added  to  a  solution  of  sulphate 
if  copper,  an  insoluole  subsulphate  is  first  thrown  down,  which  is  redissolved  as 
he  addition  of  ammonia  is  continued,  and  the  usual  deep  azure-blue  ammoniacal 
lolution  formed.  The  ammoniacal  sulphate  may  be  obtained  in  beautiful  indigo- 
ilae  crystals,  by  passing  a  stream  of  ammoniacal  gas  into  a  saturated  hot  solution 
if  the  sulphate  :  it  is  CUO.SO3.HO+2NH3  (Berzelius).  These  crystals  lose  1  eq. 
immonia  and  1  eq.  water  at  890°  (Kane),  and  are  converted  into  a  green  powder, 
i}ttO.S03  +  NII3,  or  (NII,CuO).S03;  by  the  cautious  application  of  a  heat  not 
ixcecdinj?  500^,  the  whole  of  the  ammonia  may  be  got  rid  of,  and  sulphate  of 
Mipper  quite  pure  remains  behind.  Sulphate  of  copper  forms  the  usual  double 
mis  with  sulphate  of  potash  and  with  sulphate  of  ammonia.  A  saturated  hot 
lolatioQ  of  the  double  sulphate  of  copper  and  potash  allows  a  remarkable  double 
tabealt  to  precipitate  in  crystalline  irrains,  KO.  SOs  +  3(CuO.  SOj)  -f  CuO. 
3O+3H0.  A  corresponding  seleniate  is  deposited,  below  the  boiling  point,  and 
ilwajs  in  crystals.  The  ammoniacal  and  double  salts  of  sulphate  of  copper  may 
M  represented  thus :  — 

'*  OutUnes  of  Mineralogy. 
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Sulphate  of  copper  (h\ne  vitriol) CuO.SO,,HO+4HO 

Sulphate  of  copper  and  potash CuO.S03,fKO.SOj)+6HO 

Ilydratcd  ammoniacal  sulphate  of  copper,  CuO.SOaiHO  +  2NH 

Preceding  salt  dried  at  300^ (NH,.CuO).SOa 

Hose's  ammoniacal  sulphate CuO.SO,+  (NIl3CuO)SO,+4NH, 

Do.  heated  to  350° CuO.SO,+CNH,CuO)SOa 

The  hydrated  ammoniacal  sulphate  may  also  be  regarded  as  Nfi|(5(inJCiLS0«; 
and  Hose's  ammouiacal  sulphate  as 

Several  svhmlphntes  of  copper  have  been  formed.  By  digestinp;  hydrated  oxide 
of  copper  in  a  solution  of  sulpliate  of  copper,  a  jrreen  powder  is  obtained,  of  wLich 
the  constituents  arc,  according  to  Berzelius,  3CuO.SO,  +  3HO.  The  bluish-grwB 
precipitate  which  falls  when  ammonia  is  added  to  sulphate  of  copper,  or  p^itub 
added  in  moderate  quantity  to  the  same  salt,  contains,  according  to  Kane's  lod 
Graham's  analyses,  -iCuO-SOj-f  4H0.  By  a  larger  quantity  of  potash,  Kane  pre- 
cipitated a  clear  grass-green  subsulphate,  containing  8CuO.SO,-h  12110.  TLe 
last  subsulphate  loses  exactly  half  its  water  at  300°.* 

Nitrate  of  copptry  CuO.NOs  -f  3110,  is  formed  by  dissolving  copper  in  nitric 
acid.  It  crystallizes  from  a  strong  solution  in  blue  prisms  which  contain  3  atoms 
of  water,  or  in  rhoniboidnl  plates  which  contain  G  atoms  of  water.  This  nltacll 
upon  granulated  tin,  with  nearly  as  much  energy  as  hydrated  nitrio  acid.  A 
crystallized  ammoniacal  nitrate  of  copper  is  obtained  by  conducting  a  stream  of 
ammoniacal  gas  into  a  saturated  solution  of  nitrate  of  copper.   It  is  anhydroiu,al 

contains  XOj.CuO  -f  2NH3  (Kane).  It  may  be  regarded  as  Nin(Sin)Cu.X(V 
Suinitrate  of  coppery  CuO.NOj  +  S(CuO  .  HO^,  according  to  the  analysei  rf 
Gerhardt,  Gladstone,*}*  and  Kuhn,;[  is  a  green  powder,  produced  by  the  action  d 
heat  upon  the  neutral  nitrate,  at  any  temperature  between  1G0°  and  600°;  urlf 
adding  to  that  salt  a  quantity  of  alkali  insufficient  for  complete  procipitaMi 
"When  oxide  of  copper  is  drenched  with  the  most  concentrated  nitric  lol 
(HO.NO5),  it  is  this  subsalt,  singular  as  it  may  appear^  which  is  formed,  ew 
when  the  acid  is  in  great  excess. 

Oxalate  of  copper  and  potault  is  obtained  by  dissolving  oxide  of  copper  a 
binoxalate  of  potash ;  it  crystallizes  with  2  and  with  4  eq.  of  water. 

Acetates  of  coppcr,—T\\ii  neutral  ore/ate,  CuO.(C4 1 lA)  +  HO,  orC*n\?tt(y  + 
no,  is  obtained  by  dissolving  oxide  of  copper  in  acetic  acid.  It  forms  fine  op 
tals  of  a  deep  green  colour,  containing  1  eq.  of  water,  which  lose  their  tru^ 
parcncy  in  air,  and  are  hulublc  in  5  times  tlieir  weight  of  boiling  water.  Bii 
salt,  when  it  separates  from  an  acid  solution  below  4U°,  also  forms  blue  erjMh 
containing  5II0  (Wiililcr).  The  green  salt  is  found  in  commerce  under  tlieir 
]>roper  name  of  distilM  irrdiyrii.  The  acetates  of  copper  and  potash  nolle  it 
single  equivalents,  and  form  a  double  salt  in  fine  blue  crystals,  containing  SBOl 
Vtrdif/ria  is  a  subacetate  of  copper,  formed  by  placing  plates  of  the  metal  iad^ 
tAct  with  the  fermenting  marc  of  the  grapC;  or  with  cloth  dipped  in  tii 
The  bluer  species,  which  consi.^ts  of  minute  crystalline  plates,  is  a  definite 
compound  of  1  eq.   acetic  acid,   2  eq.  oxide  of  copper,  and  0  eq.  of 


C4IISCUO4.CUO  +  Olio.  The  ordinar}'  green  species  is  a  mixture  of  the  Wp 
and  tribusic  acetates  of  copper,  with  the  preceding  bibasic  acetate.  Water  fr 
solves  out  from  verdigris  the  stst^ui basic  acetate,  which  presents  itself  OBcnp 

*  Transactions  of  the  Royal  Iritfh  Academy,  toI.  xix.  p.  1 ;  or  Ann.  Ch.  Phja.  L 
272. 
t  Chem.  800.  Mem.  ill.  480.  X  ^*^'  Pl»nL  [S.]»  I 
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rating  the  solntion,  sometimes  as  an  amorphous  mass,  and  sometimes  in  crystallino 
grains  of  a  pale  blue  colour.  The  sesquibasic  acetate  consists  of  2  eq.  of  acetic 
acid,  3  eq.  of  oxide  of  copper,  and  6  cq.  of  water;  it  loses  3  eq.  of  water  at 
212°.  The  trihasic  acetate  is  the  insoluble  residue  which  remains  after  the 
lixiviation  of  verdigris.  It  is  a  clear  green  powder,  which  loses  nothing  at  212°. 
It  contains  2  eq.  of  acetic  acid,  6  eq.  oxide  of  copper,  and  3  eq.  of  water 
(Berzelius). 

Acetate  of  copper  also  combines  with  acetite  of  lime,  and  with  several  other 
salts.  The  double  acetate  and  arsenite  of  copper  is  a  crj'stalline  powder  of  a 
brilliant  sea-green  colour,  which  is  used  as  a  pigment^  under  the  name  of 
Schweinfurt  green.  It  is  obtained  by  mixing  boiling  solutions  of  equal  parts  of 
arsenious  acid  and  neutral  acetate  of  copper,  adding  to  the  mixture  its  own  volume 
of  cold  water,  and  leaving  the  whole  at  rest  for  several  dajs.  It  is  a  highly 
poisonous  substance.  From  the  analysis  of  Ehrmann,  its  formula  is  C4H3CUO4  + 
SCCuO.AsOa). 

The  most  important  alloi/s  of  copper  are  those  which  it  forms  with  tin  and 
siQC : 

100  parts  of  copper  with  5  tin  (or  4  tin  +  1  zinc)  form  the  bronze  used  for 

coin. 
100  parts  copper  with  10  tin,  form  bronze  and  gun-metal. 
100  parts  copper  with  20  to  25  tin,  form  bell-metal. 
100  parts  copper  with  30  to  35  tin,  form  speculum-metal. 

A  little  areenic  is  generally  added  to  the  last  alloy,  to  increase  its  whiteness. 

The  different  varieties  of  brass  arc  prepared,  either  by  fusing  together  the  two 
metals,  copper  and  zinc,  or  by  heating  copper  under  a  mixture  of  charcoal  and 
calamine  —  an  operation  in  which  zinc  is  reduced  and  its  vapour  absorbed  by  the 
copper.  Two  or  three  parts  of  copper  to  one  of  zinc  form  common  brass.  The 
brass  known  as  Muntz's  white  metal,  which  resists  the  solvent  action  of  sea-water 
mach  better  than  pure  copper,  and  is,  in  consequence  largely  used  for  the  sheath- 
ing of  ships,  consists  of  60  parts  copper  to  40  parts  zinc,  and  appeare  to  be  the 
atomic  compound  CujZn.  Equal  parts  of  copper  and  zinc,  or  four  of  the  former 
and  one  of  the  latter,  give  an  alloy  of  a  higher  colour,  resembling  gold,  and  on 
that  account  called  similor, 

SSTIlfATION    OF    COPPER,    AND    METHODS    OF    SEPARATINQ    IT    FBOM    OTHER 

METALS. 

Copper  is  best  precipitated  by  caustic  potash,  which  when  added  to  a  boiling 
solution  of  a  cupnc  salt,  throws  down  the  protoxide  of  copper  in  the  form  of  a 
hetLTj  black  powder.  From  this  precipitate  every  trace  of  potash  may  be  removed 
by  washing  with  hot  water ;  and  the  washed  precipitate  may  then  be  dried  and 
ignited  in  a  platinum  or  porcelain  crucible.  It  must  be  weighed  immediately 
after  cooling,  with  the  cover  on  the  crucible,  because  it  absorbs  moisture  rapidly 
from  the  air.     It  contains  79*82  per  cent,  of  copper  (H.  Rose). 

Copper  is  often  precipitated  from  its  solutions  by  hydrosulphurio  acid.  In  that 
ease  the  precipitated  sulphide  must  be  washed  ns  quickly  as  possible  with  water 
eontuning  hydrosulphunc  acid,  to  prevent  oxidation;  the  precipitate  may  then  be 
dried,  and  the  filter  burnt  with  the  precipitate  on  it,  in  a  porcelain  basin ;  after 
wbich  the  precipitate  is  treated  with  concentrated  nitric  acid,  which  dissolves  it, 
irith  separation  of  sulphur,  and  the  copper  precipitated  from  the  filtered  solution 
Ij  potash  as  above.  The  chief  precaution  to  be  attended  to  in  this  process  is  to 
wash  the  precipitated  sulphide  quickly,  and  to  preserve  it  as  completely  as  possible 
irom  contact  with  the  air;  otherwise  the  sulphide  becomes  partially  oxidized  and 
converted  into  sulphate,  which  being  soluble,  runs  through  the  filter;  when  this 
takes  place,  the  filtrate  becomes  brown,  because  the  copper  thus  carried  through, 
is  again  precipitated  by  hydrosulphuric  acid 
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Volumetric  metJiods, — Copper  may  be  volumetrically  determined  by  mnn»ofi 
solation  of  permangaDato  of  potash,  by  a  process  founded  on  that  adopted  \n 
Margueritte  for  the  determination  of  iron  (p.  458).  The  copper  conipoand 
having  been  weighed  and  dissolved  in  acid,  is  mixed  in  a  porcelain  basiu.  iritb 
neutral  tartrate  of  potash  and  excess  of  caustic  potash,  and  then  heated  with « 
quantity  of  milk-sugar,  or  honey,  sufficient  to  precipitate  all  the  copper  a»  cupnnu 
oxide,  the  completion  of  the  precipitation  beins:  indicated  by  the  brown  ctiiloar 
which  the  liquid  then  acquires.  The  precipitated  cuprous  oxide  i^  then  filten'^i, 
washed  with  hot  water,  and  gently  heated,  together  with  the  filter,  with  a  uiixtnre 
of  pure  sesqui chloride  of  iron  and  dilute  hydrochloric  acid.  It  is  thereby  lii^ 
solved  in  the  form  of  protochloride  of  copper,  the  sesquichloride  of  iron  being  il 
the  same  time  reduced  to  protochloride : 

CuaO  +  FcgClj  +  HCl  =  2CuCl  -f  2FcCl  +  nO. 

In  the  filtered  liquid ,  diluted  to  a  convenient  strength  and  heated  to  about  S0^ 
the  quantity  of  iron  in  the  state  of  protochloride  is  determined  by  a  gradoited 
solution  of  permanganate  of  potash  in  the  manner  already  described  (p.  45**».  ind 
thence  the  equivalent  quantity  of  copper  is  readily  determined.  The  preeerjct-  of 
lead,  zinc,  bismuth,  manganese,  or  iron,  in  the  alkaline  solution,  does  not  irittrt'cre 
with  the  process ;  silver  or  mercury  must  be  separated  before  the  precipitaiivu  if 
the  cuprous  oxide. 

Another  method,  which  appears  to  give  very  exact  results,  is  to  treat  ibe 
copper-solution  with  iodide  of  potassium,  whereby  diniodido  of  copper  is  precipi- 
tated and  iodine  set  free : 

2(CuO.N05)  -f  2KI  =  Cua-f  1 4-  2(KO.N05), 

and  remove  the  free  iodine  by  means  of  a  standard  solution  of  hyposulphite  of 
soda,  whereby  iodide  of  sodium  and  tetrathionate  of  soda  arc  produced : 

2(NaO.SA)  +  I  =  Nal  +  NaO.SA. 

The  copper-compound,  if  solid,  an  alloy  for  example,  is  dissolved  in  nitric  acii; 
carbonate  of  soda  added  till  a  slight  precipitate  is  formed ;  and  this  precipitate  »- 
dissolved  in  acetic  acid  (free  nitric  acid  would  vitiate  the  result  by  docoDipc«iD|! 
the  iodide  of  potassium).  A  quantity  of  iodide  of  potassium  is  next  added,  eqnl 
to  at  least  six  times  the  weight  of  the  copper  to  be  determined,  and  thea  tie 
standard  solution  of  hyposulphite  of  soda,  in  sufficient  quantity  to  remove  tbd 
greater  part  of  the  free  iodine,  which  point  will  be  indicated  b}'  the  colour  of  lit 
liquid  changing  from  brown  to  yellow.  Lastly,  a  clear  solution  of  starch  is  ad(kd| 
and  the  addition  of  the  hyposulphite  of  soda  cautiously  continued  till  the  Un 
colour  of  the  iodide  of  starcii  is  completely  destroyed.  The  solution  of  hyponl- 
phito  of  soda  is  graduated  by  dissolving  a  known  weight  of  pure  electronp* 
copper  in  nitric  acid,  and  proceeding  as  above.  If  the  copper-compound  contiitf 
a  large  quantity  of  lend  or  iron,  these  metals  mu.st  be  removed  before  commeocifig 
the  determination,  because  the  yellow  colour  of  the  iodide  of  lead  and  the  ml  d 
the  acetate  of  iron  might  interfere  with  the  result  (E.  O.  Brown).* 

Pelouze's  method,  which  consists  in  treating  the  copper  solution  with  cxccarf 
ammonia,  and  precipitating  the  copper  as  oxysulphide,  CuO.oCuS,  by  adding  > 
graduated  solution  of  sulphide  of  sodium  till  the  blue  colour  is  complctelj  ^ 
stroyed,  appears,  from  3Ir.  Brown's  experiments,  to  be  liable  to  uncertainty  fna 
two  causes :  first,  because  the  oxysulphide  of  copper  reduces  a  portion  of  th«  p^  < 
oxide  of  copper  to  dioxide,  thereby  rendering  the  solution  colourless  before  4» 
precipitation  is  complete ;  and  secondly,  because  a  portion  of  the  sulphide  d 
sodium  is  oxidized  and  converted  into  hyposulphite  of  soda. 

Copper  is  separated  from  all  the  preceding  metals,  except  cadmianiy  by 


*  In  a  paper  read  before  the  Chemical  Society,  Not.  llthp  18GC,  and  to  bt  jiohBAii 
the  10th  Tolome  of  the  Society's  Journal.  ' 
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of  hydiosQlphurio  acid,  tlie  solutioii  being  previoosly  acidnlated  with  hydrochlorio 
or  solphurio  acid.  When  sinci  nickel,  or  cobalt  is  present,  a  considerable  cxooss 
of  acid  must  be  added,  otherwise  a  portion  of  these  metals  will  be  precipitated 
together  with  the  copper. 

From  cadmium  J  copper  may  be  separated  by  carbonate  of  ammonia,  which  dis- 
solves the  copper  and  leaves  the  cadmium.  The  deposition  of  the  cadmium  is 
DOt  complete  till  the  liquid  has  been  exposed  for  some  time  to  the  air.  The  sepa- 
ration is,  however,  better  e£fectcd  by  adding  to  the  solution  of  the  two  metals  a 
quantity  of  cyanide  of  potassium,  sufficient  to  redissolve  the  precipitate  first 
rormed,  and  then  passing  hydrosulphuric  acid  through  the  solution.  Sulphide  of 
cadmium  is  then  precipitated,  and  on  driving  off  the  excess  of  hydrosulphuric 
acid  by  heat,  and  adding  more  cyanide  of  potassium,  the  sulphide  of  copper 
remains  completely  dissolved.  The  copper  may  be  precipitated  as  sulphide  by 
mixing  the  filtrate  with  hydrochloric  acid :  but  it  is  better  to  boil  the  filtrate  with 
aqua-regia,  till  all  the  hydrocyanic  acid  is  expelled;  and  then  precipitate  the  copper 
bj  potash  (Haidlen  and  Fresenius). 


SECTION   VIII. 

LEAD. 

Eq.  103-56  or  1294-5;  Pb  {plumbum). 

Lead  was  one  of  the  earliest  known  of  the  metals.  A  considerable  number  of 
Its  compounds  are  found  in  nature,  but  the  sulphide,  or  galena,  is  the  only  one 
irhich  is  important  as  an  ore  of  lead.  The  reduction  of  the  metal  is  effected  by 
licating  the  sulphide  with  exposure  to  air  (or  roasting),  by  which  much  of  the 
nilphur  is  burned  and  escapes  as  sulphurous  acid,  and  a  fusible  mixture  of  oxide 
>f  lead  and  sulphate  of  lead  is  produced.  A  fresh  portion  of  the  ore  is  added, 
which  reacts  upon  the  oxide  of  lead,  the  sulphur  and  oxygen  forming  sulphurous 
icid,  and  the  lead  of  both  oxide  and  sulphide  being  consequently  reduced.  Lime 
ilso  is  added,  which  decomposes  the  sulphate  of  lead,  and  exposes  the  oxide  to  be 
reduced  by  the  fuel  or  by  sulphide. 

Lead  has  a  bluish  grey  colour  and  strong  metallic  lustre,  is  very  malleable,  and 
ID  soft;  when  it  has  not  been  cooled  rapidly,  as  to  produce  a  metsdlio  streak  upon 
paper.  Its  density  is  11*445,  and  is  not  increased  by  hammering.  Its  tenacity 
18  loss  than  that  of  any  other  ductile  metal.  The  melting  point  of  lead  is  612° ; 
ya  solidifying,  this  metal  shrinks  considerably,  so  that  bullets  cast  in  a  mould  are 
never  quite  round.  Lead,  like  most  other  metals,  assumes  the  octohedral  form  on 
nystallizing.  Lead  is  one  of  the  loss  oxidable  metals,  at  least  when  massive ;  itR 
surface  soon  tarnishes^,  and  is  covered  with  a  grey  p.ellicle,  which  appears  to  defend 
the  metal  from  further  change,  llain  or  soft  water  cannot  be  preserved  with  safety 
Ln  leaden  cLstcrns,  owing  to  the  rapid  formation  of  a  white  hydrated  oxide  at  the 
line  where  the  metal  is  exposed  to  both  air  and  water;  the  oxide  formed  is  soluble 
in  pure  water,  and  highly  poisonous.  But  a  small  quantity  of  carbonic  acid, 
irhich  spring  and  well  water  usually  contain,  arrests  the  corrosion  of  the  lead,  by 
DOQverting  the  oxide  of  lead  into  an  insoluble  salt,  and  prevents  the  contamination 
of  the  water. ^  Lead  is  not  directly  attacked  by  hydrochloric  and  sulphuric  acids, 
It  the  usual  temperature,  but  they  favour  its  union  with  oxygen  from  the  air.  Ita 
best  solvent  is  nitric  acid.  Besides  a  protoxide,  PbO,  which  is  a  powerful  base, 
lead  forms  a  suboxide,  Pb^O,  and  a  bioxide,  PbOg,  which  do  not  combine  with 
icids. 

Suboxide  of  leady  FbgO,  was  discovered  by  Dolong,  and  is  best  obtained  bj 

*  Br.  Cbriatiaon's  Treatise  on  PeiBonSi 
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hcatiug  the  oxalate  of  lead  to  low  redness  in  a  small  retort.  It  is  daric  grey,alm«l 
black,  and  pulverulent,  and  is  not  affected  by  metallic  mercuiy.  Aceor^ng  to  the 
analysis  of  Boussingault,  it  contains  1  eq.  of  oxygon  to  2  eq.  of  lead.  The  gicj 
pellicle  which  forms  upon  lead  exposed  to  the  air  is,  according  to  Beneliiu,  tlie 
same  suboxide. 

Protoxide  of  lead,  PbO,  111-56  or  1394*5 — ^When  a  stream  of  air  is  throwi 
upon  the  surface  of  melted  lead,  the  metal  is  rapidly  converted  into  the  protoude, 
of  a  sulphur-yellow  colour.  The  oxidated  skimmings  of  the  metal  are,  in  thii 
condition,  termed  massicot,  and  were  at  one  time  used  as  a  yellow  pigment.  Thii 
preparation  is  fused  at  a  bright  red  heat,  and  the  oxide  is  thus  separated  fraa 
some  metallic  lead,  with  which  it  is  intermixed  in  massicot.  The  fused  oxide,  on 
solidifying,  forms  a  brick-red  mass,  which  divides  easily  into  ciystalline  scales, 
tough  and  not  easily  pulverized ;  they  form  litharge.  The  protoxide  of  lead  ciB 
be  obtained  distinctly  crystallized  by  various  processes,  but  always  presents  itself 
in  the  same  form,  an  octohcdron  with  a  rhombic  base  (Mitscherlich).  By  i^Qiting 
the  subnitrate  of  lead,  the  protoxide  is  obtained  very  pure,  and  of  a  rich  lenMO- 
yellow  colour.     Its  density  after  fusion  is  9-4214. 

When  the  acetate,  or  any  other  salt  of  lead,  is  precipitated  by  potash,  the  prot- 
oxide falls  as  a  white  hydrate,  which  may  be  dried  at  212^  without  decompwitioa. 
It  contains  3}  per  cent,  water,  and  is,  therefore,  the  hydrate  2PbO.H0  (Mits- 
cherlich). Oxide  of  lead  likewise  crystallizes  anhydrous,  from  solution,  at  the 
usual  temperature,  when  precipitated  under  such  circumstances  that  it  cannot  fioi 
water  to  combine  with.  This  oxide  dissolves  in  above  12,000  times  its  weight  ol 
distilled  water,  which  acquires  thereby  an  alkaline  reaction,  but  not  in  water  con- 
taining any  saline  matter.  It  is  soluble  in  potash  or  soda ;  and  the  solutions,  whea 
evaporated,  yield  small  crystals  of  an  alkaline  compound.  A  compound  of  line 
and  oxide  of  lead  is  obtained  in  needles,  when  hydrate  of  lime  and  that  oxide  tn 
heated  together,  and  the  solution  allowed  to  evaporate  with  exclusion  of  air.  Thii 
solution  has  been  employed  to  dye  the  hair  black.  Oxide  of  lead  combines  readily 
with  the  earths  and  metallic  oxides  by  fusion,  and  when  added  to  the  materiiboi 
glass,  imparts  brilliancy  to  it  and  increased  fusibility. 

Oxide  of  lead  is  a  powerful  base,  resembling  baryta  and  strontia,  and  afforb  a 
class  of  salts  which  often  agree  in  form  and  in  general  properties  with  the  nltB  if 
these  earths.  Its  carbonate  occurs  in  plumhocalcitCj  in  the  form  of  carboute  rf 
lime,  an  isomorphism  by  which  the  protoxide  of  lead  is  connected  with  the  n^ 
nesian  oxides.  All  its  soluble  salts  are  poisonous,  although  no  salt  of  lead,  vitk 
the  exception  of  the  insoluble  carbonate,  is  highly  so  (Dr.  A.  T.  Thomson),  h 
a  case  of  accidental  poisoning  by  the  carbonate,  acetic  acid  proved  a  suffieiot 
antidote. 

Caustic  alkalies  precipitate  lead  from  its  solutions  as  a  white  hydrate,  solabli 
in  potash  and  soda,  insoluble  in  ammonia.  Alkaline  carbonates  throw  dovo  i 
white  precipitate  of  carbonate  of  lead,  insoluble  in  excess  of  the  reagent.  Bj/dt^ 
chloric  acid  and  soluble  chlorides  produce  in  moderately  strong  lead-sol atiotfi  > 
white  crystalline  precipitate  of  chloride  of  lead,  easily  soluble  in  potash,  insoliUl 
in  ammonia,  soluble  in  a  considerable  quantity  of  water;  in  dilute  solutions (f.^ 
in  a  solution  of  1  part  of  nitrate  of  lead  in  100  parts  of  water)  no  prccipitafti  > 
formed.  Sulphuric  acid  and  sfjluble  sulphites  throw  down,  even  from  veiy  dihf* 
solutions,  a  white,  pulverulent  prccipitiite  of  sulphate  of  lead,  easily  solable  it 
potash,  soluble  also,  though  slowly,  in  hydrochloric  and  nitric  acid ;  but  by  tMiif 
a  considerable  excess  of  sulphuric  acid,  lead  may  be  completely  precipitated  «*ti 
from  solutions  containing  hydrochloric  or  nitric  acid.  According  to  LasBaigat,! 
part  of  oxide  of  lead  (in  the  form  of  nitrate)  dissolved  in  25,000  parts  of 


gives  an  opalescence  with  sulphate  of  soda,  after  a  auarter  of  an  hoar.  iMrt' 
sulphuric  acid  and  alkaline  sulphides  produce  a  blaclc  precipitate  of  nlpUit^ 
lead,  insoluble  in  sulphide  of  ammonium.  In  veiy  dilate  eolationSi  oolj  a*  ~ 
coloaring  ia  producedi  the  limit  of  the  reaction  bung  attained| 
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iaigDe,  with  1  part  of  oxide  of  lead  (in  the  form  of  nitrate)  dissolved  in  350,000 
parts  of  water.  If  the  solution  of  the  lead-salt  contains  free  hydrochloric  acid, 
the  precipitate  is  red  or  yellow,  and  a  large  excess  of  hydrochloric  acid  prevents 
it  altogether.  Iodide  of  potassium  produces  a  bright  yellow  precipitate  of  iodide 
of  lead,  which  dissolves  in  boiling  water  and  separates  again  on  cooling  in  crys- 
talline spangles,  exhibiting  a  beautiful  play  of  colours.  Chromate  and  bichromate 
of  potash  throw  down  yellow  chromate  of  lead,  easily  soluble  in  caustic  potash. 
The  limit  of  this  reaction  is  attained  with  1  part  of  oxide  of  lead  (in  the  form  of 
nitrate)  dissolved  in  70,000  parts  of  water  (Ilarting).  Iron  and  zinc  throw  down 
metallic  lead.  If  a  mass  of  zinc  be  suspended  in  a  solution,  made  by  dissolving 
one  ounce  of  acetate  of  lead  in  two  pounds  oC  distilled  water,  the  lead  is  preci« 
pitated  in  beautiful  crystalline  plates,  which  are  deposited  not  only  in  metallic  con« 
tact  with  the  zinc,  but  extend  from  it  to  a  considerable  distance  in  the  liquid, 
forming  what  is  called  the  lead-tree.  Lead-salts,  mixed  with  carbonate  of  soda  or 
nranide  of  potassium,  and  ignited  on  charcoal  before  the  blow-pipe,  yield  a  malle« 
able  button  of  lead.  The  oxides  of  lead  are  reduced  by  simply  heating  them  with 
the  blow-pipe  flame  on  charcoal. 

Sesquiifxide  of  lead,  I^bgOj.  —  Hypochlorite  of  soda  throws  down  from  lead- 
salts  a  reddish-yellow  mixture  of  scsquioxide  and  chloride  of  lead.  The  sesquioxide 
may  be  obtained  free  from  chloride  by  supersaturating  a  solution  of  nitrate  of  lead 
with  potash,  in  quantity  sufficient  to  redissolve  the  precipitated  hydrate,  and  then 
treating  it  with  hypochlorite  of  soda.  The  sesquioxide  is  converted  by  aoids  into 
bioxide  and  an  oadinary  salt  of  lead  (Winkelblcch). 

Bioxide  or  peroxide  of  lead ^  PbOsf  may  be  obtained  in  the  same  manner  as  the 
peroxides  of  cobalt  and  nickel,  by  exposing  the  protoxide  suspended  in  water  to  a 
stream  of  chlorine ;  also  by  fusing  protoxide  of  lead  with  chlorate  of  potash  at  a  tem- 
perature short  of  redness ;  or  by  digesting  the  following  intermediate  oxide,  minium, 
in  diluted  nitric  acid,  which  dissolves  the  protoxide  of  lead,  decanting  off  the 
nitrate  of  lead,  and  washing  the  powder  which  remains  with  boiling  water. 
Wohler  precipitates  a  solution  of  4  parts  of  acetate  of  lead  with  a  solution  -of  8 
parts  or  rather  more  of  crystallized  carbonate  of  soda,  and  passes  chlorine  gaa 
through  the  resulting  thin  pulpy  mass,  till  the  whole  of  the  carbonate  of  lead  is 
converted  into  brown  bioxide,  amounting  to  2}  parts,  which  may  then  be  washed. 
No  chloride  of  lead  is  formed  in  this  reaction,  the  whole  of  the  chlorine  combining 
with  the  sodium,  while  acetic  and  carbonic  acid  are  set  free.  Bioxide  of  lead  is 
of  a  dark  earthy-brown  colour.  It  loses  half  its  oxygen  by  ignition;  absorbs 
snlphurous  acid  with  great  avidity,  and  becomes  sulphate  of  lead;  and  affords 
chlorine  when  digested  in  hydrochloric  acid. 

Minium  or  red  had  is  formed  by  heating  massicot  or  protoxide  of  lead,  which 
lias  not  been  fused,  to  incipient  redness  in  a  flat  furnace,  of  a  particular  construe- 
tion,  and  directing  a  current  of  air  upon  its  surface.  Oxygen  is  absorbed,  and  an 
oxide  formed  of  a  fine  red  colour,  with  a  shade  of  yellow.  It  is  not  constant  in 
composition.  The  proportion  of  oxygen,  when  the  absorption  is  least  considerablei 
approaches  that  of  a  compound  containing  3PbO.PbO';  and  such  was  the  compo- 
sition of  a  crystallized  compound  of  a  fine  red  colour,  formed  by  accident  in  % 
minium  furnace,  and  analyzed  by  Houton-Labillardidre.  But  when  the  absorption 
is  favoured  by  time  and  most  considerable,  it  approaches  but  never  exceeds  2*4 
per  cent,  of  the  original  weight  of  the  protoxide.  This  result  agrees  with  the 
formula  Pb,04,  and  accordingly  minium  may  be  regarded  as  a  compound  of  prot- 
oxide and  bioxide  of  lead,  2PbO.PbOa,  or  of  protoxide  and  sesquioxide,  PbO.PbfOf 
A  ssmple  of  minium  analyzed  by  Longcharops  contained  5PbO.PbOfl.  The  finest 
jniniom  is  obtained  by  calcining  oxide  of  lead  from  the  carbonate,  at  about  600^. 

Minium  is  not  altered  by  being  heated  in  a  solution  of  acetate  of  lead,  which  is 
cnpftble  of  dissolving  free  protoxide  of  lead.  When  heated  to  redness,  it  loses 
tKjgen,  and  leaves  the  protoxide.  It  does  not  combine  with  aoids,  but  is  resolved 
ly  a  strong  acid  into  bioxide  of  lead  and  protoxide,  the  latter  oombining  with  the 
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acid.  When  minium  is  treated  with  coDcentrated  acetic  ocid,  it  first  b-^romii 
wliite,  and  then  dissolves  entirely  in  a  new  quantity  of  acid  without  culuunuirit 
I>ut  the  solution  gradually  decomposes,  and  bioxide  of  lead  separates  from  it  uf  % 
blackish -brown  colour  (Berzelius). 

FrotoKulphtde  of  lead j  PbS,  is  thrown  down  from  salts  of  lead,  by  ]i\<lr(iwtil. 
phuric  acidf,  as  a  black  precipitate,  which  is  insoluble  in  diluted  acids  or  in  ulkulics. 
It  forms  also  the  ore  galena,  which  crystallizes  in  the  cube  and  other  fum^«  of  the 
regular  system ;  its  density  is  7*585.  Sulphide  of  lead  is  decomposed  f:i>ily  bj 
nitric  acid,  and  converted  into  nitrate  and  sulphate  of  lead,  with  separatiuu  iif  a 
little  sulphur.  The  more  concentrated  the  nitric  acid,  the  greater  is  the  rjuaDtity 
of  sulphate  produced,  lleccntly  precipitated  sulphide  of  lead  may  be  coiupk-tdy 
dissolved  in  the  form  of  nitrate  by  boiling  with  dilute  nitric  acid.  Concentntc4 
and  boiling  hydrochloric  acid  dissolves  sulphide  of  lead,  with  disengagement  oi 
hydrosulphunc  acid  gas.  Galena  may  be  united  by  fu.sion  with  more  lead,  and 
gives  the  subsulphides  l^S,  and  Pb|S.  When  a  solution  of  persulphide  ut*  p<.>tu- 
sium  is  added  to  a  salt  of  lead,  a  blood-red  precipitate  appears,  which  is  a  jx^rgul- 
phide  of  lead,  but  is  almost  immediately  changed  into  the  black  protosulphide  of 
lead  and  free  sulphur. 

Chloride  of  lead,  PbCl,  18006  or  1738-25.  — Lead  dissolves  slowly  in  byJw. 
chloric  acid,  by  substitution  for  hydrogen,  forming  the  chloride  of  lead,  but  ooly 
when  assisted  by  the  action  of  the  air.  The  same  compound  is  obtniocd  by 
digesting  oxide  of  lead  in  hydrochloric  acid,  and  also  fulls  as  a  white  pnvipitate, 
when  a  salt  of  lead  is  added  to  any  soluble  chloride.  The  chloride  of  lead  ii 
soluble  in  135  times  its  weight  of  cold  water,  and  more  so  in  hot  water,  fran  ' 
which  it  crystallizes  on  cooling  in  long  flattened  acicular  crystals,  which  are  aobj* 
drous.     It  is  very  fusible,  and  may  be  sublimed  at  a  higher  tempcniture. 

Oxifvldoride  nfleud.  —  Chloride  of  load  combines  in  five  different  pn-iportieni 

with  tlic  protoxide,  forming  the  following  compounds:  —  a.  3PbCl  rbO.     Ki-ur 

•  parts  of  chloride  of  lead  ignited  with  1  part  of  litharge  yield  a  fused,  Inminar, 

pearl-grey  mixture,  which,  when  triturated  with  water,  swells  up  to  a  bulky  masA 

having  the  above  composition  (Vauquelin).     The  same  substance  is  obtained  by 

Mr.  Pattinson,  by  decomposing  carbonate  of  lead  with  lime-water,  and  us'.d  aa  i 

white  pigment.  —  h,  PbCl.l'bO.     Formed  by  igniting  chloride  of  lead  in  n>iiurt 

with  air  till  it  no  longer  fumes,  or  by  fusing  chloride   and  carbonate  i»f  kad 

together.     Carbonic  acid  is  then  set  free,  and  a  compound  formed  which  is  of  t 

deep  yellow  colour  while  fused,  but  as  it  cools  assumes  a  lemon-yellow  colour,  and 

becomes  nacreous  and  crystalline  (Dobereiner). — r.  l*bCl  2PbO.     This  cunijK>ttnd 

forms  the  mineral  Mnuh'pU**j  found  at  Mendip,  in  Somersetshire,  when?  it  «vctui 

in  yellowish-white,  right  rhombic  prisms,  which  are  Harder  than  gypsum.  trani'lB' 

cent,  and  have  an  adamantine  lustre  (Berzelius).     It  also  occurs,  and  in  a  «t3t6 

of  greater  purity,  at  Brilon,  near  Stadlbergen,  in  Westphalia;  the  crystal:*  ibfrt 

found  arc  white,  translucent,  and  have  a  mother-of-pearl  lu.strc  on  the  cleai"*^ 

surfaces.* — d,  l*bC1.3Pbo.     Obtained  by  fusing  1  e<j.  chloride  of  lead  with  S*^. 

of  the  protoxide;  also  in  the  hydruted  state,  PbC1.8PbO  +  HO  or  4PbO.IJaby 

decomposing  chloride  of  lead  with  ammonia;  by  precipitating  subacetate  uf  Ind 

with  common  salt;  and  by  dec(miposing  a  solution  of  commou  salt  with  pnttuiidl 

of  lead.     The  hydrate  is  a  white  flocculent  mass,  and  when   fused   yields  tb< 

anhydrous  compound,  which  is  a  greenish-yellow  laminated  mass,  forming  a  u-lK>v 

powder.  —  c.  PbC1.5PbO.     Obtained  by  fusing  1  eq.  chloride  of  lead  with  h  cij. 

of  the  protoxide.     Orange-yellow  substance,  yielding  a  deep  yellow  powder.  — / 

PbC1.7PbO,  is  produced  on  fusing  by  heat  a  mixture  of  10  parts  of  pure  oxid«  of 

lead  and  1  part  of  pure  sal-ammoniac,  a  portion  of  the  lead  being  at  the  name  tiai 

reduced.     The  surbasic  chloride  wlien  fused  affords  cubic   crystals  on  cooli^ 

slowly.     It  forms  in  that  state  a  beautiful  yellow  pigment,  koowo  as  Tano^l 

*  Bhodios,  Ann.  Ch.  Phann.  IziL  878.  ^ 
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yellow  in  this  country,  and  Cassel  yellow  in  Germany.  It  was  prepared  in  £»<;• 
land  by  diprcsting  litharp;e  with  half  its  weight  of  common  salt,  a  portion  of  which 
is  converted  into  canstio  soda,  and  afterwards  washing  and  fusing  the  oxychloride 
formed.  But  it  is  sufficient  to  use  1  part  of  salt  to  7  parts  of  oxide  of  lead  in  this 
decomposition. 

Birhloruh  ofhady  PbCV  — Bioxido  of  lead  dissolves,  without  evolution  of  gas, 
in  cold  dilute  hydrochloric  acid,  forming  a  ro-sc-coloured  liquid,  from  which  alkalies 
throw  down  the  bioxide  in  its  original  state.  The  rose-coloured  acid  solution, 
evaporated  in  vacuo  over  strong  potash-ley,  yields  cr3'stals  of  chloride  of  lead,  PbCl| 
together  with  crystals  of  a  different  character,  which  appear  to  consist  of  PbCl^y 
(Rivet,  Beudant,  and  Daguin). 

Bromide  ctflead,  PbBr,  is  much  less  soluble  in  water  than  the  chloride;  hence, 
in  a  liquid  containing  hydrochloric  and  hydrubromic  acids,  if  the  bromine  be  pre- 
cipitated by  acetate  of  lead,  the  filtered  liquid  will  still  contain  chlorine,  wliioh 
may  then  be  detected  by  adding  nitrate  of  silver  (il.  Rose). 

ItHlide  of  Uady  Pbl,  229*92  or  2874.  —  Appears  as  a  beautiful  lemon-yellow 
powder,  when  iodide  of  potassium  is  added  to  a  salt  of  lead.  It  is  soluble  in  104 
parts  of  boiling  water,  and  in  1235  parts  of  water  at  the  usual  temperaturo,  and 
may  be  obtained  from  solution  in  brilliant  hexagonal  scales  of  a  golden-yellow 
colour.  A  cumpound  of  a  paler  yellow,  which  appears  in  dilute  solutions  and 
when  the  suit  uf  lead  is  in  excess,  is  a  basic  iodide.  M.  Denot  finds  three  oxy- 
iodides  of  lead,  containing  1  eq.  of  iodide  of  lead  to  1  eq.,  2  eq.,  and  5  eq.,  of 
oxide  of  lead,  and  always  1  eq.  of  water,  which  last  they  do  not  lose  below  a  tem- 
peraturo of  about  400**. 

Neutral  i«xiide  of  lead,  Pbl,  is  decomposed  by  metallic  chlorides,  yielding,  when 
the  iodide  is  in  excess,  compounds  which  may  be  regarded  as  iodide  of  lead,  in 
which  part  of  the  iodine  is  replaced  by  chlorine.  »Ses<|uichloride  of  iron  and  pro- 
tochloridc  of  copper  separate  free  iodine  (A.  Engelhardt). 

Cj/anide  of  had ^  PbOjr,  is  a  white  insoluble  powder,  obtained  by  precipitation. 

Carhonat*'  of  lead,  ceruse,  tchile.  lead;  PbCCO^j  133*50  or  1000*5.-— Occurs 
in  nature  W(;ll  crystallized,  in  the  form  of  carbonate  of  baryta.  It  is  precipitated 
as  a  white  powder,  of  which  the  grains,  although  very  minute,  arc  crystallinei 
when  an  alkaline  carbonate  is  added  to  the  acetate  or  nitrate  of  lead.  The  pro- 
oipitate  is  anhydrous.  When  oxide  of  lead  is  left  covered  with  water  in  an  open 
vessel,  it  absorbs  earbi^ic  acid,  and  becomes  white,  forming  the  subcarbonate, 
PbO.CO.-fPbOHO. 

Carb<jnute  of  lead  is  invaluable  as  a  white  pigment,  from  its  great  opacity,  which 
gives  it  that  property  called  boflt/  by  painters,  and  enables  it  to  cover  well.  As 
precipitated  by  an  alkaline  carbonate,  it  is  deficient  in  body,  owing  to  the  trans- 
parency of  the  crystalline  grains  composing  the  precipitate.  It  is  also  a  neutral 
carbonate,  as  thus  prepared,  and  differs  iu  composition  from  the  ceruse  of  com- 
merce, which  3Iulder  finds  always  to  contain  hydrated  oxide  of  lead  in  combina- 
tion with  the  carbonate  of  lead.  The  result  of  Mulder's  analyses  of  numerous 
Bpecimens  of  white  lead,  is,  that  there  are  three  varieties  of  that  substance^  the 
composition  of  which  is  expressed  by  the  three  following  formuke :  — 


2(PbO.CO,)+PbO.IIO;  - 
5(PbO.COa)+3(Pb0.1IO); 
3(PbO.CO,)-|-PbO.IIO. 


and 


Mr.  J.  A.  Phillips  has  also  examined  several  specimens  of  white  lead  prepared  by 
the  Dutch  process.  Four  samples  gave  by  analysis  the  formula,  2(PbO.C02)4- 
PbO.IIO;  one  gave  3(PbO.COj)+Pb0.nO;  another,  SCPbO.COO  +  PbO.HC* 
Jt>r.  T.  Richardson  also  found  that  varieties  of  white  lead  contain  a  portion  of 
oxide  of  lead,  in  addition  to  the  carbonate,  and  so  fai  confirms  the  conclusions  of 
Maider. 

*  Chem.  Soc  Qu.  Ft  iv.  p.  166. 
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la  the  old  or  Dutch  mode  of  preparing  white  lead,  which  is  still  exteuiTdj 
practised,  thin  sheets  of  the  uietal  are  placed  over  gallipots  containing  weak  acetic 
acid  (water  with  about  2}  per  cent,  dry  acid),  tbcmaelycs  imbedded  in  fenncDting 
tan,  the  temperature  of  which  varies  from  140^  to  150^.   The  action  is  often  vcij 
rapid,  and  the  metal  disappears  in  a  few  weeks  to  the  centre  of  the  sheet.    In 
this  process,  from  2  to  21  tons  of  lead  (4480  to  5600  pounds)  are  converted  into 
carbonate,  by  a  (quantity  of  vinegar  which  docs  not  contain  more  than  the  small 
quantity  of  50  pounds  of  dry  acetic  acid.     Hence  the  mc^al  is  certainly  noithvr 
oxidized  nor  curbouutcd  in  this  process,  at  the  expense  of  the  acetic  acid.    The 
oxygon  must  be  derived  from  the  air,  and  the  carbonic  acid  from  the  fcnncntic; 
tan.    In  the  newer  process,  litharge,  without  any  preparation,  is  mixed  with  water 
and  about  1  per  cent,  of  acetate  of  lead,  and  carbonic  acid  gas  passed  over  it ;  the 
oxide  of  lead  is  rapidly  converted  into  excellent  ceruse.    There  can  be  little  doubt 
that  all  the  oxide  of  lead  is  successively  dissolved  by  the  acetate,  and  presented 
to  the  carbonic  acid  as  a  soluble  subacet;ite :  a  compound  which,  it  i.-*  knuWD, 
abiorbs  carbonic  acid  with  the  greatest  avidity,  and  allows  its  excess  of  oxiJo  to 
precipitate  as  carbonate  of  lead.     The  new  process  supplies  likewise  the  theory  of 
the  old  one,  the  function  of.  the  acetic  acid  being  manifestly  the  same  in  b.lli 
processes.     Nitrate  of  lead  has  been  substituted  for  the  acetate,  with  other  thxwp 
the  same  as  in  the  last  process. 

Sulphate  of  lead ;  PbO,  SO,;  151-56  or  1804-5.— This  salt  is  proiipitatoJ 
when  sulphuric  acid  or  a  soluble  sulphate  is  added  to  a  solution  of  acetate  *^ 
nitrate  of  lead,  as  a  white,  dense,  insoluble  precipitate,  which  appear^  bv  the 
microscope  to  be  composed  of  minute  crystals.  It  is  also  formed  by  the  action  *<( 
strong  nitric  acid  on  sulphide  of  lead.  Sulphate  of  lead  contains  in  lUO  parts 
2(5*44  sulplmric  acid  and  To -50  oxide  of  lead,  and  may  be  ex]xjsed  to  a  retl  heit 
without  decomposition.  Dr.  llichardson  finds  that  this  salt  acquires  considcnble 
opacity,  and  may  be  substituted  for  ceruse,  when  prepared  in  a  mode  anakvji.'a.4  to 
the  new  process  for  that  substance ;  namely,  by  supplying  sulphuric  acid,  in  a 
gradual  manner,  to  a  thick  mixture  of  litharge  and  water  couUiiuing  a  small  pr> 
portion  of  acetate  of  lead.  In  this  manner  the  sulphate  of  lead  may  be  obtaiiiei 
united  w^ith  any  desirable  excess  of  oxide  of  lead. 

Nitrate  of  lead;  PbO.>(Oj;  105-56  or  2009-5.  — Obtained  by  dissoWing 
litharge,  at  the  boiling  point,  in  slightly  diluted  nitric  acid,  which  should  bcftte 
from  hydrochloric  and  sulphuric  acids.  The  neutral  nitrate  crystallizes  in  bi9 
octohedrous,  with  the  secondary  faces  of  the  cube,  sometimes  transpan^ 
although  generally  white  and  opaque.  The  cr}'Stals  are  anhydrous ;  they  iM 
soluble  in  7i  times  their  weight  of  cold,  and  in  a  much  smaller  quantity  of  IwCy 
water.  Nitrate  of  lead  is  decomposed  by  an  incipient  red  heat,  3*ielding  a  luixtoit 
of  oxygen  gas  and  peroxide  of  nitrogen  (which  is  prepared  in  this  way),  ftod 
leaving  the  yellow  oxide  of  lead.  When  a  small  quantity  of  ammonia  is  added  10 
nitrate  of  lead,  or  when  a  dilute  solution  of  the  neutral  salt  is  boiled  with  osidi 
of  lead  in  tine  powder,  a  soluble  libasic  nitrate  of  had  is  formed,  l*bO.NUs  + 


added  in  very  slight  excess  to  a  solution  of  nitrate  of  lead.  Its  constituents  in 
2(3PbO.NU5)+i>i:10  (lierzclius).  It  is  a  white  powder,  which  is  soluble  to  • 
small  extent  in  pure  water.  When  nitrate  of  lead  is  digest<,'d  with  a  cousidcnUi 
excess  of  ammonia,  the  decomposition  stops  at  the  point  at  which  0  eq.  uf  oxidi 
of  lead  are  combined  with  1  eq.  of  nitric  acid.  The  tcxUisic  nitrate  ojk^ 
contains  2(0rbO.NOi  +  3110  (Berzelius). 

Nitrite  of  lead.  —  When  a  solution  of  100  parts  of  nitrate  of  lead  iff  hoW 
with  78  parts  of  metallic  lead  in  thin  turnings,  the  lead  is  dissolved,  and  a  Gttk 
nitric  oxide  is  evolved,  in  consequence  of  a  partial  decompositioa  of  nitroai  icil 
provionsly  formed.    The  solution  is  alkaline  and  yellow;  aud  giveii  on  eoolBii 
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brilliftnt  ciystalliDe  plates  of  a  golden  yellow  colour,  wHich  consists  of  tHe  hihasic 
nitrite  of  had^  2PDO.NO9.  By  dissolving  100  parts  of  this  salt  in  water  at 
167^  (75^C.)y  and  then  mixing  with  the  solution  35  parts  of  oil  of  vitriol,  pre- 
viously diluted  with  four  times  its  weight  of  water,  one  half  of  the  oxide  of  lead 
is  precipitated  as  sulphate  of  lead,  and  a  solution  is  obtained  of  a  deep  yellow 
colour,  from  which  the  neutral  nitrite  of  lead ^  PbO.NOs+HO,  crystallizes.  This 
salt  gives  yellow  crystals,  resembling  the  nitrate  in  form.  Its  solution  absorbs 
oxycren  from  the  air,  and,  like  all  the  nitrites,  gives  off  nitric  oxide  at  176 
(80°C.),  while  a  subnitrite  of  lead  precipitates.  Bcrzclius,  to  whom  we  are  in- 
debted for  the  preceding  facts,  also  formed  a  quadrihasic  nitrite  of  Uady  con- 
taining N03.4PbO  +H0,  by  boiling  1  part  of  nitrate  of  lead,  and  1}  parts  or 
more  of  metallic  lead,  in  a  long-necked  flask  for  12  hours,  then  filtering  and  leaving 
the  solution  to  crystallize  by  cooling:  it  thus  yields  pale,  flesh-coloured^  silky 
needles,  or,  if  rapidly  coolod,  a  white  powder. 

The  nitrites  of  lead  have  also  been  examined  by  other  chemists,  who  have 
obtained  results  differing  from  those  of  Bcrzclius.  Thus,  P6ligot  and  others  found 
that  Berzclius's  bibasic  nitrite  contains  the  elements  of  2  eq.  of  oxide  of  lead,  1 
eq.  of  hyponitric  acid,  NO4,  and  1  eq.  of  water.  Glerhardt  tnerefore  regards  it  as 
a  compound  of  bibasic  nitrate  and  bibasic  nitrite  of  lead :  — 

2(PbO.N04)  =  2PbO.NO,  +  2PbO.NO,. 

and  expresses  its  formation  by  the  equation :  — 

2(PbO.N05)  +  2Pb  =  2PbO.N05  +  2PbO.NO,. 

If  the  action  of  the  metallic  lead  be  further  continued,  a  fresh  portion  of  nitrate  is 
deoxidized,  and  the  result  is  an  orange-coloured  salt,  containing  7Pb0.2N04  (P6li- 
got),  which  Gerhardt  regards  as  a  double  salt  more  basic  than  the  former : 

7Pb0.2N04  =  4PbO.NO,+  SPbO.NOj. 

Finally,  by  the  continued  action  of  the  lead,  the  subnitrate  contained  in  these  two 
salts  is  likewise  reduced,  and  a  subnitrite  is  formed,  viz.,  either  Berzelius's  quad- 
robasic  salt,  4PbO.N03,  or  a  bibasic  nitrite  2PbO.N03,  obtained  by  Bromeis. 
The  last  salt  crystallizes  in  long  golden-yellow  needles  containing  1  eq.  of  water.* 

Phosphate  of  lead, — On  mixing  nitrate  of  lead  with  ordinary  phosphate  of  soda, 
a  precipitate  is  formed  containing  the  two  salts  SPbO.POs  and  2rbO.HO.POi. 
The  latter  is  obtained  pure  by  precipitating  a  boiling  solution  of  nitrate  of  lead 
with  pure  phosphoric  acid.  This  salt  dissolves  in  nitric  acid  and  fixed  alkalies, 
but  very  sparingly  in  acetic  acid  ;  ammonia  converts  it  into  8PbO.PO«.  It  fuses 
readily  before  the  blow-pipe,  and  crystallizes  on  cooling  in  well  defined  polyhe- 
drons. When  strongly  ignited  with  charcoal,  it  gives  off  phosphorus  and  carbonio 
oxide,  and  leaves  metallic  lead. 

Chlorite  of  leadj  PbO.ClO,,  is  obtained  in  sulphur-yellow  crystalline  scales  by 
precipitating  nitrate  of  lead  with  an  excess  of  chlorite  of  baryta  containing  free 
chlorous  acid.  It  decomposes  at  259^  with  a  kind  of  explosion,  and  sets  fire  to 
flowers  of  sulphur  triturated  with  it.  'Sulphuric  acid  diluted  with  an  equal  weight 
of  water,  decomposes  it,  especially  between  104°  and  122°,  evolving  pure  chlorous 
acid  gas,  and  leaving  88.75  per  cent,  of  sulphate  of  lead  (Millon). 

Chlorate  of  lead,  PbO.ClOj  +  HO,  is  obtained  by  cooling  a  hot  solution  of 
oxide  of  lead  in  aqueous  chloric  acid,  in  rhomboidal  prisms  belonging  to  the 
oblique  prismatic  system,  and  isomorphous  with  the  analogously  constituted  crys- 
tals of  chlorate  of  baryta.  These  crystals,  when  heated,  leave  the  yellow  oxychlo- 
ride,  Pb0.2PbCl  (Vauquelin,  Wachter,  Vogel). 

Perehlorate  oflead^  PbO.ClO,. — The  solution  of  oxide  of  lead  in  warm  aqueous 

*  For  a  more  detailed  account  of  the  nitrates  and  nitrites  of  lead,  see  Gmelin's  Handbook, 
granilation,  t.  162—167. 
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perchloric  acid,  yields  small  prisms  having  a  sweet  but  highly  astrinccnt  tastf, 
bolubic  in  their  own  weight  of  water,  but  not  deliquescent  (Serullas).  Bv  boilio^ 
a  concentrated  solution  of  this  salt  with  carbonate  of  lead,  a  solution  of  a  Lasic  Si\i 
is  obtained,  which  if  the  excess  of  base  is  very  largo,  yields  by  cvaroratiun,  doll, 
indistinct  crystals,  which  arc  resolved  by  water  into  a  solution  of  bibas>ic  salt,  and 
a  white  insoluble  residue.  When  the  excess  of  base  is  less,  or  when  the  fohxvm 
of  the  bibasic  salt  is  left  to  evaporate,  crystals  of  two  different  forms  are  obuiiavd; 
both,  however,  containing  2PbO.ClO,  +  -HO  (Marignac). 

Chlorophosphate  of  had,  PbCl  +  3(3PbO.P05,  occurs  as  pyromor^Jiite  ami 
(jrecn  and  hrown  lead-ore.  The  crj'stals  belong  to  the  hexagonal  syst'-m.  and 
have  the  hardness  of  apatite.  It  fuses  readily,  and  on  cooling  s<.ilidiiies  with  vivid 
incandescence  into  an  angular  crystalline  mass.  In  some  of  these  ores,  the  chlo- 
ride of  lead  is  partly  replaced  by  fluoride  of  calcium,  and  the  triphosphate  of  lead 
by  the  triphosphate  of  calcium  or  trisarseniate  of  lead.  The  calwirttiuH  ore?  may 
bo  regarded  as  mixtures  of  apatite  and  pyromorphite.  The  same  c-onipiniiid  c-n- 
taining,  however,  an  atom  of  water,  is  formed  artificially  on  pouring  a  bttilinpr  soh- 
tion  of  chloride  of  lead  into  a  boiling  solution  of  phosphate  of  soda,  the  latter 
being  in  excess  (Ileintz).  When,  on  the  contrary,  a  boiling  polution  uf  phos- 
phate of  soda  is  poured  into  an  excess  of  chloride  of  lead,  a  precipitate  is  funacd, 
which,  according  to  Ileintz,  is  2(3PbO.P04)  +  PbCl,  but,  accordini;  to  Morhardt, 

2PbO.I10.POs+  PbCl. 

Acctafe  of  lead,  PbO.(C4ll305)  +3H0.— This  salt  is  met  with  well  ery«tjllizti 
and  in  a  state  of  great  purity,  in  commerce.  It  is  generally  pn'|»ared  by  •Jis.*<  It- 
ing  litharge  in  the  acetic  acid  procured  by  the  distillation  of  wood.  It  ery^ta^ 
lizes  in  flattened  four-sided  prisms;  has  a  taste  which  is  first  sweet  and  then 
astringent;  is  very  soluble  in  water,  100  parts  of  water  dissolving  oO  uf  the  wh 
at  G0°  ;  and  dissolves  in  8  parts  of  alcohol.  It  effloresces  in  air,  and  Is  apt  tol^e 
partially  decomposed  by  the  carbonic  acid  of  the  air,  and  thas  to  beeume  ]uLrtiaI!j 
insoluble.  It  loses  the  whole  of  its  water  when  dried  at  the  usual  temperature  ia 
vacuo.  M.  Payen  crystallized  the  anhydrous  acetate  from  solution  in  absolute 
alcohol. 

Trihasic  gvhacetatc  of  lead,  PbO.(C4H30,)  f2PbO,  is  formed  by  dij^>stiag 
oxide  of  lead  in  a  solution  of  the  neutral  SJilt,  till  it  is  stronglv  alkaline.  This 
salt  does  not  crystallize  when  so  prepared,  but  may  be  dried,  and  then  contains  do 
water.  It  is  very  soluble,  but  must  be  dissolved  in  distilled  water,  as  the  car- 
bonic, hydrochloric  and  other  acids  in  well  water  precipitate  its  oxide  of  lead.  M. 
Payen  has  obscr\'ed  that  the  tribasic  subacetate  crystallizes  readily,  in  fine  pri*- 
matic  needles,  when  formed  by  adding  ammonia  to  a  moderately  strong  s«.dut:i)n 
of  the  neutral  acetate.  The  crystals  contain  1  cq.  of  water,  which  they  l-feo  at 
212°.  The  acetate  of  ammonia,  formed  at  the  same  time,  appears  to  give  .^.tability 
to  the  subacetate  of  lead  in  solution,  and  prevents  an  excess  of  a  whole  ot^uivalcac 
of  ammonia  from  throwing  down  any  oxide  of  lead  from  the  solution.  This  aniici> 
niacal  solution  of  the  subacetate  of  lead,  prepared  without  an  excess  of  ammoDia,ii 
a  convenient  form  in  which  to  apply  that  salt  as  a  reagent.* 

Sciiqnibasic  acetate  of  lead,  3Pb0.2(C4ll3*Oj)  +  HO.— Tliis  salt  was  nbtaiwd 
by  Payen  by  adding  1  eq.  of  the  neutral  acetate  to  a  concentratt^d  and  boiling 
solution  of  1  eq.  of  the  tribasic  acetate.  It  is  also  produced  when  the  neutral  aoi 
anhydrous  acetate  of  lead  is  liented  in  a  retort  or  porcelain  capsule,  till  the  whole, 
after  being  liquid,  becomes  a  white  and  porous  mass.  The  sesquibasic  actiite  if 
then  formed  by  the  decomposition  of  3  eq.  of  neutral  acetate  of  k*ad,  from  which 
there  separate  the  elements  of  1  eq.  of  acetic  acid,  in  the  form  of  carbonic  acid  vA 
acetone  (Matteucci  and  Wohler).  This  basic  salt  is  very  soluble,  and  crystallitti 
in  plates  of  a  pearly  lustre.     Another  method  of  obtaining  it  is  to  digest  an  aqueoa 

*  M^moires  wax  les  Acetates  et  le  Protoxide  de  Plomb,  par  M.  Payen»  An.  da  Chbk  il  ^ 
Phys.  t  IxTL  p.  87. 
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solution  of  2  eq.  of  the  neutral  acetate  with  1  cq.  of  protoxide  of  lead  free  from 
carbonate,  till  it  dissolves,  and  evaporate  the  filtrate  in  vacuo  over  oil  of  vitriol. 

A  srjbaaic  acetate  of  lead,  6PbO.(C4ll303),  is  formed  on  dropping  a  solution 
of  the  neutral,  or  of  tribasic  acetate  of  lead,  into  excess  of  ammonia.  It  is  a  white 
precipitate,  which  when  examined  by  the  microscope,  has  a  crystalline  aspect.  It 
contains  a  little  water,  which  it  loses  when  dried  in  vacuo. 

A  hiha&ic  acetate  of  hatl^  2PbO.(C4ll303),  is  also  formed,  according  to  Dobe- 
reiner  and  Schindlcr,  by  boiling  1  cq.  of  neutral  acetate  of  lead  with  1  cq.  of  tho 
protoxide. 

The  common  extractum  Saturni  of  the  pharmacopoeias  appears  to  consist  chiefly 
of  bibasic  acetate,  containing  more  or  less  of  the  tribasic  and  sesquibasic  salts. 

Affof/x  o/Irdd.  —  Lead  and  tin  may  be  fused  together  in  all  proportions.  M. 
Rudbcrg  tinds  that  these  metals  combine  in  certain  definite  proportions,  having 
fixed  points  of  congelation  :  — 

1  atom  of  load  and  3  atoms  of  tin,  congeal  at  3G8.G°. 

1  atom  of  lead  and  1  atom  of  tin,  at  464°. 

2  atoms  of  lead  and  1  atom  of  tin,  at  518*^. 

3  atoms  of  lead  and  1  atom  of  tin,  at  536°. 

A  thcrmomotcr  placed  in  a  fluid  alloy  of  1  atom  of  lead  and  2  atoms  of  tin, 
becoTucs  Ptationar}'  when  the  temperature  falls  to  392° ;  a  portion  then  solidifies, 
and  a  more  fasible  alloy  separates ;  the  temperature  again  falls,  and  afterwards 
becomes  stationary  at  368  6°,  the  crystallizing  point  of  the  alloy  composed  of  1 
atom  of  load  and  3  atom  of  tin.  If  the  alloy  contains  so  much  tin  that  its  point 
of  Ci»mi»lote  congelation  is  below  368-6°,  the  last  compound  always  separates  from 
it  at  that  point,  and  the  thermometer  remains  stationary  for  a  time,  whatever  may 
be  the  proportion  of  the  metals  in  the  alloy.*  Fitie  snhltr  is  an  alloy  of  2  parts 
of  tin  and  1  of  load ;  it  fuses  at  about  360°,  and  is  much  employed  in  tinning 
copper.  Coarse  sftider  contains  one-fourth  of  tin,  and  fuses  at  about  500°;  it  is 
the  substance  employed  for  soldering  by  plumbers. 

Lead,  as  reduced  from  the  native  sulphide,  always  contains  a  little  silver.  The 
latter  is  separated  by  allowing  two  or  three  tons  of  tlie  melted  metal  to  cool  slowly  in 
a  hemisjiherical  iron  pot,  when  the  lead,  as  it  solidifies,  separates  in  crystals,  which 
can  be  rakod  out.  The  silver  remains  almost  wholly  in  the  more  fusible  portion, 
or  what  may  be  looked  upon  as  the  mother-liquor  of  those  crystals;  so  that  by  this 
openition  the  argentiferous  alloy  is  greatly  concentrated.  This  mode  of  separation 
was  discovon^  by  31r.  Pattinson  of  Newcastle.  To  separate  the  remaining  lead, 
much  of  it  is  converted  into  massicot,  by  the  action  of  air  upon  its  surface,  in  the 
shallow  furnace  used  for  that  preparation  j  and  the  last  portions  of  lead  are  removed 
by  continuing  the  oxidation  upon  a  porous  bason  or  ctijicl  of  bone-earth,  which 
imbibes  the  fused  oxide  of  lead,  while  the  melted  silver  is  found  in  a  state  of 
purity  upon  the  surface  of  the  cupel,  not  being  oxidable  at  a  high  temperature. 

ESTIMATION   OF  LEAD,   AND   METHODS   OF  SEPARATING  IT  FROM  THE  PRE- 
,  CEDING   METALS. 

Lead  may  be  estimated  either  as  protoxide  or  as  sulphate.  For  the  former 
mode  of  estimation,  it  is  best  to  precipitate  by  oxalate  of  ammonia,  the  solution 
being  neutral  or  rendered  very  slightly  alkaline  by  ammonia.  The  oxalate  of  lead, 
after  being  washed  and  dried,  is  then  to  be  ignited  in  an  open  procelain  crucible, 
whereby  it  is  converted  into  protoxide.  As  lead  is  very  easily  reduced  by  carbo- 
naceous matter  at  a  red  heat,  the  precipitate  must  not  be  ignited  in  contact  with 
the  filter ;  but  the  filter,  after  the  greater  part  of  the  precipitate  has  been  removed 
from  it,  must  be  held  on  the  point  of  a  fine  platinum  wire  above  the  crucible,  and 
set  on  fire,  so  that  the  ashes  may  drop  in ;  the  precipitate  may  then  be  added,  and 

*  Rudberg,  An.  Cb.  Phys.  [2],  xlviii.  303. 
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the  ignition  completed.  The  protoxide  contains  92*S3  per  cent,  of  metallic  lead. 
Lcad'^  may  also  be  precipitated  by  carbonate  of  ammonia,  to  which  a  little  fret 
aminoDia  has  been  added^and  the  carbonate  of  lead  treated  as  above. 

In  precipitating  lead  as  sulphate,  if  the  solution  be  neutral,  the  precipitation  is 
best  eifected  by  sulphate  of  soda ;  the  sulphate  of  lead  may  then  be  washed  on  a 
filter,  dried  and  ignited ;  but  if  the  solution  contains  free  nitric  acid,  it  is  best  to 
precipitate  by  excess  of  sulphuric  acid,  then  evaporate  to  dryness,  and  ignite  till 
all  excess  of  acid  is  driven  off;  treat  the  residue  with  water  to  dissolve  out  any 
soluble  salts  that  may  be  present ;  wash  the  sulphate  of  lead  on  a  filter,  and  then 
dry  and  ignite  it,  burning  the  filter  separately  as  above.  The  sulphate  coDtaioi 
68-32  per  cent,  of  lead. 

From  the  alkalies  and  earthfy  and  from  mangancney  iron^  cobalt,  nirlrl  and 
et»r,  lead  is  easily  separated  by  hydrosulphuric  acid,  the  solution  being  pnTiou»ly 
acidulated  with  nitric  acid.  The  precipitated  sulphide  is  washed  and  dried,  thca 
plac<M,  together  with  the  filter  (which  should  be  as  small  as  possible),  in  a  poa^e- 
lain  dish,  covered  over  with  a  glass  plate  or  a  funnel,  and  treated  with  fuming 
nitric  acid,  added  cautiously  and  by  small  portions  at  a  time.  Violent  action  takes 
place,  and  the  sulphide  of  lead  is  converted  into  sulphate.  A  portion  may,  hov- 
ever,  be  converted  into  nitrate,  with  separation  of  sulphur :  hence,  to  insure  com- 
plete conversion  into  sulphate,  it  is  necessary  to  add  a  few  drops  of  string  sul- 
phuric acid.  The  product  must  then  be  strongly  ignited  to  drive  off  the  eiccat 
of  sulphuric  acid,  and  burn  away  the  remaining  organic  matter  of  the  filter. 
From  cadmium  and  copper,  lead  is  easily  separated  by  sulphuric  acid. 
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OTHER  METALS  PROPER  nAVING   ISOMORPHOUS  RELATIONS  WITH  THE 

MAGNE8IAN  FAMILY. 

SECTION  I. 

TIN. 

Fq.  58-82  or  785-25;  Sn  (stannum). 

Tin  does  not  occur  native,  but  its  common  ore  is  reduced  by  a  simple  proctfs, 
and  mankind  appear  to  have  been  in  possession  of  this  metal  from  the  earliest 
ages.  The  most  productive  mines  of  tin  are  those  of  Cornwall,  from  which  tb« 
ancients  appear  to  have  derived  their  principal  supply  of  this  zuctJil,  and  thoM 
of  the  peninsula  of  Malacca,  and  island  of  Banca,  in  India. 

The  only  important  ore  of  tin  is  the  bioxidc,  which  is  found  in  Corownll,  bo(k 
in  veins  traversing  the  primary  rocks,  and  in  alluvial  deposits  in  their  neighbour* 
hood.  In  the  latter  case,  the  ore  presents  itself  in  rounded  gniins  of  irreatcror 
less  size,  which  form  together  a  bed  covered  by  clay  and  gravel.  This  ore  his 
evidently  been  removed  from  its  original  situation,  and  the  gniins  rounded  by  tlx 
action  of  water,  which  has  at  the  same  time  divested  it  of  the  other  metallic  ani 
with  which  it  is  accompanied  in  the  vein ;  these  being  softer  are  more  eanh 
reduced  to  powder,  and  have  been  carried  away  by  the  stream.  This  ore,  eilM 
stream  tiUy  is  easily  reduced  by  coal,  and  gives  the  purest  tin.  The  metal  froB 
the  ore  of  the  veins  is  contaminated  with  iron,  copper,  arecnic,  and  antimoifi 
from  which  a  portion  of  it  is  partially  purified  by  liquation.  Ban  of  the  inifVi 
metal  arc  exposed  to  ft  moderate  heat^  by  which  the  pure  tin  is  fint  melledi  wJL 
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paratcs  it  from  a  less  fusible  alloy  containinp;  the  foreign  metals.  The  purer 
;rtion  is  called  grain  tiuj  and  the  other,  ordinari/  tin  or  block  tin.  The  mass 
'  grain  tin  is  heated  till  it  becomes  brittle,  and  then  let  fall  from  a  height.  By 
lis  it  splits  into  irregular  prisms,  somewhat  resembling  basaltic  columns.  This 
ilitting  is  a  mark  of  the  purity  of  the  tin,  for  it  does  not  happen  when  the  tin  is 
mtaminated  by  other  metals. 

Pure  tin  is  white,  with  a  bluish  tinjije,  very  soft,  and  so  malleable,  that  it  may 
J  boiiten  into  thin  leaves,  tinfoil  not  being  more  than  1-lOOOth  of  an  inch  in 
lickncss.  When  a  bar  of  tin  is  bent,  it  emits  a  grating  sound,  which  is  charac- 
ristic ;  and  when  bent  backwards  and  forwards  rapidly,  several  times  in  succession, 
jcoines  so  hot  that  it  cannot  be  held  in  the  hand.  At  the  t<?mperature  of  boiling 
atcr,  tin  can  be  drawn  out  into  wire,  which  is  very  .soft  and  flexible,  but  deficient 

tenacity.  The  density  of  pure  tin  is  7*285,  or  7'293  after  being  laminated; 
at  of  the  tin  of  commerce  is  said  to  vary  from  7  56  to  7  6.     Its  point  of  fusion 

442°,  according  to  Crichton  and  Rudberg;  4456°,  according  to  Kupffer.  Tin  is 
)latile  at  a  very  high  temperature.  The  brilliancy  of  the  surface  of  tin  is  but 
3wly  impaired  by  exposure  to  air,  and  even  in  water  it  is  scarcely  acted  upon, 
encc  the  great  value  of  this  metal  for  culinary  vessels,  and  for  covering  the  more 
cidable  metals,  such  as  iron  and  copper,  when  employed  as  such.  Three  oxides 
■  tin  are  known,  the  protoxide,  SiiO,  scsquioxidc,  SuaOs,  and  binoxide,  RnOg. 

Frotoiriile  of  tin,  Stannous  oxide;  SnO,  6682  or  835-25.  Tin  disbolves  in 
adihitod  hydrochloric  acid,  at  the  boiling  temperature,  by  substitution  for  hydro- 
3n,  and  forms  the  protochloride  of  tin.  From  this  the  protoxide  is  precipitated 
Y  an  alkaline  carbonate,  as  a  white  hydrate,  which  may  be  washed  with  tepid 
ater  and  dried  at  a  temperature  not  exceeding  176°.  It  does  not  contain  a  trace 
'  carbonic  acid.  This  white  powder  dried  more  strongly  in  a  retort  filled  with 
irbonic  acid,  and  heated  to  redness,  gives  the  anhydrous  oxide  as  a  black  powder, 
le  density  of  which  is  6-666.  In  this  state,  the  oxide  is  permanent;  but  if  a 
>dy  at  a  red  heat  is  brought  in  contact  with  it  in  open  air,  it  takes  fire  and  burns, 
id  is  entirely  converted  into  bioxide.  If  hydrated  stannous  oxide  be  boiled  with 
quantity  of  pota.sh  not  sufficient  to  dissolve  it  entirely,  the  undissolved  portion  is 
mverted  into  small,  hard,  shining,  black  crystals  of  anhydrous  stannous  oxide, 
hich,  when  heated  to  ol)2°,  decrepitate,  swell  up,  fall  to  pieces,  and  are  converted 
ito  an  olive-green  powder,  consisting  also  of  the  anhydrous  protoxide.  Again, 
Q  evaporating  a  very  dilute  solution  of  sal-ammoniac,  in  which  hydrated  stannous 
lide  is  diflfuscd,  that  compound  is  converted,  as  soon  as  the  sal-ammoniac  crystal- 
zes,  into  anhydrous  stannous  oxide,  having  the  form  of  a  cinnabar-coloured 
owdcr.  There  are,  therefore,  three  modifications  of  stannous  oxide,  black,  olive- 
reen,  and  red  (Fremy).  The  red  modification  is  also  obtained  by  digesting 
loroughly  washed  hydrated  stannous  oxide  at  a  temperature  of  133°,  in  a  slightly 
cid  .solution  of  stannous  acetate,  having  a  density  of  1-06  (Roth). 

Protoxide  of  tin  dissolves  in  acids,  and  with  more  facility  when  hydrated  than 
fker  being  ignited.  This  oxide  is  also  dissolved  by  potash  and  soda,  but  the  solu- 
ion  after  a  time  undergoes  decomposition;  metallic  tin  is  depo.sited,  and  the 
ioxide  is  found  in  solution.  The  solution  of  a  stannous  salt,  and  of  a  stannio 
tit  also,  is  apt  to  undergo  decomposition,  when  largely  diluted  with  water,  and  to 
eposit  a  subsalt.  Stannous  salts  absorb  oxygen  from  the  air,  and  have  a  great 
ffinity  for  that  element ;  they  convert  the  sesquioxide  of  iron  into  protoxide,  and 
hrow  down  mercury,  silver  and  platinum  in  the  metallic  state  from  their  solutions. 
7/iAyriV//'  iff  gnld  produces  a  purple  precipitate  in  a  stannous  salt,  consisting,  it  is 
lelieved,  of  the  bioxide  of  tin  in  combination  with  protoxide  of  gold,  a  test  by 
rliich  the  protoxide  of  tin  may  always  be  distinguished.  IL/drosidphuric  acid 
jroduccs  in  neutral  or  acid  solutions  of  stannous  salts,  a  brown-black  precipitate 
f  protosulphide  of  tin,  which,  when  gently  heated  with  a  considerable  quantity 
f  sulphide  of  ammonium  containing  excess  of  sulphur,  is  converted  into  the 
dsnlphide  and  dissolved ;  acids  added  in  excess  to  this  solution  precipitate  the 
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yellow  bisulphide.  Caxutic  alkalies  and  alkaline  rarlxmnteg,  added  to  i^tsnnfmi 
salts,  throw  down  a  white  precipitate  of  bydrated  stannous  oxide,  wluble  in  cau-ilc 
potash  or  soda,  but  not  in  ammonia.  Ferrocyanide  €*/ jiotassium  prxKiuecs  a  white 
precipitate,  soluble  in  hydrochloric  acid. 

Frotomtphide  of  tin,  SnS,  is  formed  when  sulphur  is  mixed  with  tin  bo&ted 
above  its  melting  point ;  it  is  also  obtained  in  small  dark  ^rcy  crystalline  Uoiinae, 
of  sp.  gr.  4-973,  by  adding  the  hydrated  sulphide  precipitat<.>d  from  a  stannous 
salt  by  hydrasulphuric  acid,  to  anhydnius  protochloride  of  tin  in  the  melted  state, 
and  removing  the  excess  of  the  prutochloridc  with  dilute  h^'drochloric  acid.  Itil 
deeoui posed  by  dilute  hydrochloric  acid,  with  evolution  of  h^'drusulphuric  acid. 

Pfi»turhlori(ic  of  tin,  Salt  of  tin;  SnCl This  salt  may  be  obtained  in  ite 

anhydrous  state  by  gradually  heating  a  mixture  of  equal  weights  of  caluuiol  and 
tin,  and  finally  distilling  the  protochloride  at  a  strong  red  heat.  The  fused  niasi 
on  cooling  forms  a  grey  solid,  of  considerable  lustre,  and  haviDg  a  vitret.»u«  fnc- 
ture.  The  hydrated  chloride,  known  in  commerce  as  salt  of  tin,  is  procun^d  bj 
evaporating  the  solution  of  tin  in  concentrated  hydrochloric  acid  to  the  p^iiat  d 
crystallization.  It  is  thus  obtained  in  needles,  or  in  larger  four-sided  prismatic 
crystals  containing  2  eq.  of  water.  They  fuse  between  100**  and  lOo^.  The 
BiKJcific  gravity  of  the  crystals  is  U-710  at  00°;  that  of  the  fused  uias^  at  100*,  is 
2-588  (Penny).  The  salt  parts  with  the  greater  portion,  if  not  the  whole  of  iu 
water  at  212°,  but  if  distilled  at  a  higher  temperature,  l»>se.s  liydrochluric  acid 
also,  and  leaves  an  oxychloride  of  tin.  It  dissolves  completely  in  a  small  quiDtlty 
of  water;  but  when  treated  with  a  large  quantity,  is  parti}'  docompcsed,  hjdn> 
chloric  acid  being  dissolved,  and  a  light  milk-white  powder  separating,  which  is  a 
basic  chloride,  or  oxychloride,  SnCl.SnO  +  2110.  Both  tho  crysuls  and  th« 
solution  absorb  oxygen  from  the  air,  and  then  a  busic  salt  of  the  si'S^jui'.'xidc  is 
formed  which  is  also  insoluble  in  water.  From  both  these  causes,  a  complete  tod 
clear  solution  of  the  salt  of  tin  is  rarely  obtained,  unless  the  water  is  previuusly 
acidulated  with  hydrochloric  acid.  This  salt  is  entirely  soluble  in  c:iusiie  alkalii 
but  the  solution  is  liable  to  an  ulterior  change  already  mentioned.  C>ne  pan  of 
crystallized  protochloride  of  tin  dissolved,  together  with  3  parts  of  tartaric  acid,  in 
a  sufficient  quanlity  of  hot  water,  and  carefully  neutralized  with  pota^ih,  furms  t 
clear  solution,  which  may  be  boiled  and  mixed  with  any  quantity  of  water  wlthoal 
becoming  turbid  :  the  white  precipitate  which  forms  in  it  on  the  addition  of  a  litlli 
more  potash,  especially  on  heating,  is  re-dissolved  by  a  larger  quantity  of  potibh. 
(R.  Schneider). 

When  protochloride  of  tin  is  heated  with  a  mixture  of  hydrochloric  and  nl- 
phurous  acids,  a  yellow  precipitate  of  bisulphide  of  tin  is  formed  :  GSnCl  -h2S0i+ 
41101  =  SuSg  +  5SnCl2-r  AUO.  This  reaction  serves  as  a  test  for  feulphuiuu 
acid. 

The  protochloride  of  tin  is  used  in  calico-printing,  not  only  as  a  mordant,  Int 
also  as  a  deoxidizing  agent,  particularly  to  deoxidize  indigo,  and  to  reduce  to  i 
lower  state  of  oxidation  and  dbchargo  the  scsquioxides  of  iruQ  and  mangMen 
fixed  upon  cloth. 

Prutochloriilc  of  tin  and  potassium;  SnCl.KCl.  —  Protochloride  of  tin  forti 
a  double  salt  with  chloride  of  potassium,  and  also  with  chloride  of  ammoniaBi 
which  compounds  crystallize  in  the  anhydrous  state,  and  also  with  3  cq.  of  witcfr 
or,  according  to  Ilammelsberg,  with  only  1  equivalent. 

Anhydrous  protochloride  of  tin  fused  in  ammoniacal  gas,  absorbs  half  an  vpi' 
valent  of  that  gas,  according  to  Persoz,  forming  2SnCl.NIIs,  or  rather  pexlufi 
SnCl.(NII,.Sn)Cl. 

Protiodidt:  of  tin,  SnI,  is  formed  by  heating  a  mixture  of  granulated  tin  ui 
iodine.  It  is  obtained  in  beautiful  shining  yellowish  red  prisms  by  gently  bviliig 
concentrated  hydrlodic  acid  with  strips  of  tinfoil  in  a  long  glass  tube  for  a  daj,4r 
more  readily  by  heating  the  acid  with  the  tin  in  a  scaled  glass  tube  to  a  uapA 
turo  of  248°^  or  at  most  302°  for  an  hour;  after  coolings  the  romaiaiDg  poitiai 
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of  tin  is  found  to  be  covered  with  dystals.  When  tinfoil  and  iodide  of  amjl 
were  heated  together  in  a  sealed  tnbe  for  a  day  to  356^,  the  tinfoil  became  covered 
with  yellowish-red  quadratic  octohedrons  at  the  part  where  the  tnbe  cooled  most 
qnicklj ;  but  at  the  part  which  was  immersed  in  the  oil-bath^  and  therefore  cooled 
more  slowly,  the  metal  was  covered  with  sulphur-yellow  prisms^  which  became 
yellowish -red  when  taken  out  (W8hler).  Stannous  iodide  was  found  by  Boullay, 
Jan.,  to  form  double  salts  with  other  iodides,  particularly  with  the  iodides  of  the 
alkaline  and  earthy  metals,  in  which  two  atoms  of  the  stannous  iodide  are  com- 
bined with  one  of  the  other  iodide. 

Carbonic  acid  does  not  combine  with  either  of  the  oxides  of  tin. 

ProtosuJphate  of  tin,  SNO.SO3. — Tin  dissolves  in  sulphuric  acid,  concentrated 
or  a  little  diluted,  yielding  a  saline  mass,  which  forms  a  brown  solution  in  water 
and  deposits  small  crystalline  needles  on  cooling. 

Protonitrate  of  tin^  SNO.NOj,  is  obtained  by  dissolving  hydrated  protoxide  of 
tin  in  nitric  acid ;  the  solution  cannot  be  concentrated  and  is  easily  altered. 

Tartrate  of  potash  and  tin,  KO.SnO.CCgH^O.o)  or  CsH^CKSn)^^.  —  Bitartrate 
of  potash  dissolves  protoxide  of  tin,  and  forms  a  very  soluble  salt  of  potash  and 
tioy  which,  like  most  of  the  tartrates,  is  not  precipitated  cither  by  caustic  alkalies 
or  by  alkaline  carbonates.  An  addition  of  bitartrato  of  potash  is  occasionally 
made  to  the  solution  of  tin  used  in  dyeing. 

Sesquioxide  of  tin,  SngOs. — Was  obtained  by  M.  Fuchs,  by  diffusing  recently 
precipitated  sesquioxide  of  iron  in  a  solution  of  protochloride  of  tin  containing  no 
excess  of  acid,  and  afterwards  boiling  the  mixture.  A  double  decomposition 
occurs,  in  which  sesquioxide  of  tin  precipitates,  and  protochloride  of  iron  b  re- 
tained in  solution : 

2SnCl  +  FeA  =  SnA  +  2FeCl. 

The  sesquioxide  thus  obtained  is  a  slimy  grey  matter,  and  usually  yellow  from 
adhering  oxide  of  iron.  Ammonia  dissolves  it  easily,  and  without  residue,  a  cha- 
racter which  distinguishes  tliis  oxide  from  the  protoxide  of  tin,  the  latter  being 
insoluble,  or  nearly  so,  in  that  menstruum.  Sesquioxide  of  tin  is  dissolved  by 
concentrated  hydrochloric  acid ;  the  taste  of  the  solution  is  not  metallic.  It  is 
distinguished  from  a  salt  of  the  bioxide  of  tin,  by  producing  the  purple  precipi- 
tate with  chloride  of  gold.  A  scsquisulphide  exists,  corresponding  with  this 
oxide.     The  salts  of  sesquioxide  of  tin  have  not  been  examined. 

dioxide  of  tin,  Stannic  oxide,  Sn02,  74*82  or  935-25.  — This  constitutes  the 
oommon  ore  of  tin,  which  is  generally  crystallized.  The  crystals  of  tin-stone  are 
Bometinies  brownish-yellow  and  translucent,  at  other  times  diirk  brown  and  almost 
black,  and  contain  small  quantities  of  the  protoxides  of  iron  and  manganese. 
Their  primitive  form  is  an  obtuse  octohedron  with  a  square  base ;  their  density 
from  6'92  to  6'96.  Bioxide  of  tin  in  this  state  does  not  dissolve  in  acids,  unless 
previously  ignited  with  an  alkali.  Anhydrous  stannic  oxide  may  be  obtained  in 
oolonrless  crystals  derived  from  a  right  rhomboidal  prism,  which  scratch  glass,  and 
have  a  density  of  5*72,  by  decomposing  vapour  of  bichloride  of  tin  with  water  at 
a  led  heat.  These  crystals  are  isomorphous  with  one  of  the  native  varieties  of 
titanic  acid  (brookite),  whereas  the  crystals  of  native  tin-stone  are  isomorphoua 
with  another  variety  of  titanic  acid  (rutilc). 

Bioxide  of  tin  is  susceptible  of  two  modifications  called  stannic  and  metastan- 
nie  acid,  distinguished  from  one  another  by  the  proportions  of  water  and  metallic 
oxide  with  which  they  combine. 

Stannic  acid,  or  Jfydrated  stannic  oxide,  SnOt.HO,  is  obtained  by  decom- 
posing bichloride  of  tin  with  water,  or  by  precipitating  a  soluble  stannate  with  an 
acid.  It  is  white,  gelatinous,  insoluble  in  water,  but  dissolves  readily  in  dilute 
acids.  A  moderate  heat  converts  it  into  metastannic  acid.  At  a  red  heat,  it 
gives  off  all  its  water,  and  becomes  very  hard. 

SolntioDS  of  stannic  oxide  in  acids  (the  hydrated  bichloride  for  example),  are 
82 
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If  the  retort  in  which  the  action  takes  place  is  connected  with  a  recciTcr  8a^ 
rounded  with  ice,  a  pasty,  yellowish  mass  collects  in  the  receiver,  and  an  amor- 
phous white  body  remains  in  the  retort.     On  heating  the  yellowish  mass  to 
between  212°  and  250°,  dichloride  of  sulphur  escapes,  and  there  remains  a  mixttiTe 
of  pentachloride  of  phosphorus  with  the  double  chloride,  identical,  in  heXj  with 
the  amorphous  white  mass  in  the  retort.     On  heating  this  mixture  to  a  tempciv 
turo  between  28-4°  and  320°^  the  pentuchloride  of  phosphorus  is  also  driven  off, 
leaving  the  double  chloride,  which  sublimes  between  3U2°  and  ^2S°,  in  highly 
lustrous   colourless   needles,  which,    however,  soon   crumble   to   an   anK)rphL>iu 
powder,  even  when  kept  in  close  vessels.     The  compound  fumes  strongly  in  the 
air,  and  rapidly  absorbs  water,  being  thereby  converted  into  transparent  colonrlesi 
crystals  containing  water  of  crystallization.* 

Bichloride  of  tin  tcith  Oxychhriile  of  phosphorus^  2SnCli  +  POiCl,.  —  Ob» 
tained  by  the  action  of  oxychloride  of  phosphorus  on  bichloride  of  tin ;  if  an  ex- 
cess of  either  substance  is  present,  the  compound  separates  in  large  isolated  cnrs- 
tals.  It  has  a  peculiar  odour,  melts  at  131°,  and  boils  at  356°,  and  distils  with- 
out alteration  if  kept  from  contact  with  moist  air.  It  fumes  in  the  air  and  is 
decomposed  by  water.  When  oxychloride  of  phosphorus  comes  in  contact  ia  i 
close  vessel  with  the  compound,  SnCl2'2SCl2,  the  whole  dissolves,  formiof:  t 
yellowish  liquid,  from  which,  after  a  while,  the  compound  2SnCla.P0|Clj  cmttl- 
lizes )  and  above  the  crystals  there  remains  a  yellow  liquid,  probably  SClj  (Casscl- 
maun). 

Bichloride  of  tin  tcith  Phosphnrcttcd  hydrogen^  3SnCla.PIIj. — These  two 
bodies  unite  without  production  of  hydrochloric  acid;  the  compound  is  solid 
(Rose). 

Bichloride  of  tin  tcith  potassium,  SnClg-KCl. — The  solution  of  bichloride  of 
tin,  when  mixed  with  an  equivalent  quantity  of  chloride  of  pota£«ium  and  oripo- 
rated,  yields  this  double  salt  in  anhydrous  regular  octohedrons  having  a  vitrcuoi 
lustre.     A  similar  double  salt  is  formed  with  chloride  of  ammonium. 

A  sidphate  and  nitrate  of  hioxidc  of  tin,  have  been  crystallized;  this  bast 
forms  no  carbonate. 

])oth  the  sulphide  and  hisxdphide  of  tin  act  as  sulphur-acids,  combining  with 
alkaline  sulphides.  The  bisulphide  of  tin  dissolves  with  digestion  in  sulphide  \l 
sodium,  and  the  concentrated  solution  yields  fine  crystals  of  the  salt,  2NaS.SD^ 
-f  12H0.  By  gradually  adding  tin  to  melted  pentasulphide  of  sodium,  titatiif 
the  resulting  mass  with  water,  and  then  filtering  and  evaporating,  yellowish  ocfa^ 
hedral  crystals  are  obtained,  containing  NaS.SuSj  +  2II0.'|'  The  bisulphide  of 
tin  is  found  combined  with  the  subsulphidcs  of  copper  and  iron,  forming  fis 
pyrites,  a  rare  mineral,  2Fe,S.SnS2  +  2Cu2S.SnSa. 

Alhys  of  tin, — Tin  alloyed  with  small  quantities  of  antimony,  copper,  and  bis- 
muth, forms  the  best  kind  of  pewter,  possessing  the  peculiar  whiteness  of  metallic 
tin.  The  most  fusible  compound  of  tin  and  bismuth  is  that  of  an  atom  of  each 
metal,  Bi.Sn;  it  melt^  at  2i^9•4°  (Rudberg).  When  the  metals  are  mixed  in 
other  ratios,  a  portion  first  congeals  at  a  higher  temperature,  separating  from  the 
compound  mentioned,  which  remains  liquid  till  the  temperature  falls  to  2^04^ 
Although  tin  precipitates  co])pcr  frum  its  solutions  in  acids,  yet  it  is  posssible  to 
precipitate  tin  upon  copper,  and  to  cover  the  latter  with  ti^,  as  is  proved  by  the 
tinning  of  pins.  Tin  is  difrsulved  in  a  mixture  of  1  part  of  bitartrate  of  potash, 
2  of  alum,  2  of  common  salt,  and  a  certain  quantity  of  water,  and  the  pins,  which 
consist  of  brass  wire,  are  introduced  at  the  boiling  temperature.  The  pins  undei^  . 
DO  change  in  this  liquor,  supposing  it  to  contain  no  undissolved  tin,  bat  th« 
moment  a  fragment  of  tin  touches  the  pins,  all  those  in  contact  with  <»ch  other 
are  tinned.  Dr.  Odliug  finds  that  pure  copper  boiled  in  a  modentclj  dilutfi  taA 
ruther  acid  solution  of  stannous  chloride,  also  becomes  coated  with  Ud.^ 

*  Casaelmann.  Ann.  Ch.  Pharm.  Ixxxiii.  257. 

t  KiUm,  Pogg.  Ann.  Ixxxv.  298.  }  Chen.  Soo.  Qo.  J.  ii.  29L 
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X8TIMATI0N  OF  TIK^  AND  USTHODS  OF  SEPABATINQ  IT  FBOM  THE  PBECEDINO 

METALS. 

Tin  is  estimated  in  the  state  of  bioxide,  a  compound  which  contains  78 'G2  per 
cent,  of  the  metal.  If  the  tin  is  united  with  other  metals  in  the  form  of  an  alioj^ 
the  alloy  must  be  treated  with  nitric  acid  of  sp.  er.  about  1*3.  The  tin  is  then 
converted  into  bioxide,  while  the  other  metals  (with  the  exception  of  antimony) 
are  dissolved  bj  the  acid.  The  oxide  of  tin  must  then  bo  thoroughly  washed, 
afterwards  dried,  ignited,  and  weighed.  To  insure  complete  oxidation,  the  alloy 
should  be  finely  divided. 

When  the  tin  is  in  solution  in  hydrochloric  acid  (which  is  its  usual  solvent)  it 
must  first  be  precipitated  as  a  sulphide  by  hydrosulphuric  acid,  and  the  sulphide 
then  converted  into  bioxide  by  roasting  in  an  open  porcelain  crucible,  a  small 
quantity  of  nitric  acid  being  added  to  insure  complete  oxidation. 

Precipitation  by  hydrosulphuric  acid  serves  also  to  separate  tin  from  all  metals 
which  are  not  thrown  down  by  that  reagent  from  their  acid  solutions. 

From  cadmium,  coppery  and  lead,  tin  may  be  separated  by  treating  the  solution 
with  a  slight  excess  of  ammonia,  and  then  adding  sulphide  of  ammonium  con- 
taining excess  of  sulphur.  AH  the  metals  are  thereby  converted  into  sulphides; 
but  the  sulphide  of  tin  dissolves,  while  the  others  are  left  undissolved. 

Volumetric  estimation  of  tin. — The  following  method  of  estimating  the  amount 
of  tin  in  the  commercial  protochloride  is  given  by  Dr.  Penny  :*  it  is  based  on  the 
conversion  of  protochloride  of  tin  into  bichloride  by  the  action  of  chromic  acid  in 
presence  of  free  hydrochloric  acid : 

3SnCl  +  K0.2CrO,  +  7HC1  =  SSnClH  KCl  +  Cr^Cl,  +  7H0. 

The  solution  of  the  tin-salt  is  mixed  with  a  sufficient  quantity  of  hydrochloric 
acid  and  gently  heated,  and  a  solution  of  bichromate  of  potash  gradually  added, 
till  a  drop  of  the  liauid  added  to  acetate  of  lead  (a  solution  of  1  part  of  that  salt 
in  8  parts  of  water  being  scattered  in  large  drops  on  a  porcelain  plate)  produces  a 
faint  vellow  colour;  or  till  the  liquid  produces  a  dark  brown  or  red  colouring  in 
an  acidulated  mixture  of  sulphocyanidc  of  potassium  and  a  pure  protosalt  of  iron. 
With  the  commercial  solution  of  the  protochloride  of  tin,  the  contrary  method  is 
adopted ;  that  is  to  say,  the  tin  solution,  diluted  and  reduced  to  a  definite  volume, 
is  poured  into  a  solution  of  bichromate  of  potash  containing  a  known  weight  of 
that  salt.  Penny  finds,  by  direct  experiments,  that  83*2  parts  of  pure  bichromate 
of  potash  correspond  to  100  parts  of  tin. 


SECTION    II. 

TITANIUM. 

JSTj.  24-33  or  303-7;  Ti. 

This  metal  was  discovered  in  1791,  by  Mr.  Gregor  of  Cornwall,  and  afterwards 
by  Klaproth,  who  gave  it  the  name  titanium.  In  the  form  of  titanic  acid  it  con- 
stitutes several  minerals,  as  rutile,  anatase,  menachanite,  &c. ;  and  as  titanate  of 
protoxide  of  iron,  it  forms  ilmenite  and  other  species. 

When  titaniferous  iron-ores  are  smelted  in  the  blast  furnace,  small  cubic  crystals 

of  a  bright  copper  colour  are  found  on  the  slag  which  adheres  to  the  lower  part  of 

the  furnace.     These  crystals  were  long  supposed  to  be  metallic  titanium;  but 

Wohlcrf  has  shown  that  they  also  contain  carbon  and  nitrogen,  being,  in  fact,  a 

■  ■    ■   I 
*  Chem.  Soo.  Qa.  J.  iy.  249. 
t  Ann.  Ch.  Pbarm.  Ixziii.  84 ;  Chem.  Soc.  Qa.  J.  iL  852. 
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compound  of  cyanide  of  titanium  with  nitride  of  titanium.  CyTi.l 
titanium  is  obtained  by  heating  the  double  fluoride  of  pi)ta£«ium 


,ZyT\y    Pare 
and  tiuuium 
witli  putassium  in  a  covered  crucible.     The  metal  is  then  set  free  wiih  vivid  in- 
candescence, and  the  fluoride  of  potassium  may  bo  removed  by  wajihiu;^  wiih 
water.     Titanium  thus  obtained  is  a  dark  green,  heavy,  amorphous  jnjwdcr,  wi.icli 
does  not  exhibit  any  shade  of  copper  colour,  even  after  pressure  ;  undt-r  the  niicr> 
ecope  it  appears  as  a  cemented  mass,  havintr  the  colour  and  lustre  i-f  i:on.    M»^ 
tallic  titanium  is  also  obtained  by  mixing  titanic  acid  with  one-sixth  of  in  wt.j:.t 
of  charcoal  and  exposing  it  to  the  strongest  licat  of  a  wind-furnace.     It  w.i«  ilas 
obtained  in  the  form  of  a  copper-coloured  or  gold-coloured  powder  by  VnuijUiTia, 
Lampadius,  and  others;  but  possibly  the  charcoal  which  the}*  used  may  h:i\c  CvD- 
tained  niti*ogen,  and  that  element  united  with  the  reduced  metal. 

Pure  titanium  (prepared  from  the  double  fluoride)  burns  with  great  splimLur 
when  heated  in  the  air,  and,  if  sprinkled  into  a  flame,  is  consumed,  with  lri!I:^:.t 
scintillations,  at  a  considerable  distance  above  the  point  of  the  flame.  WYxn 
heated  to  redness  in  oxygen-gas,  it  burns  with  a  splendour  resembling  a  disoli-i.ve 
of  electricity.  In  chlorine-gas  it  exhibits  similar  phenomena,  rtijuiring  uIjm.^  the 
aid  of  heat  to  set  it  on  fire.  jNlixed  with  red  lead  and  heated,  it  burn*  with  fioh 
violence  that  the  mass  is  thrown  out  of  the  vessel,  with  loud  dct<)nati«.«n.  Tit-iiiiua 
does  not  decompose  water  at  ordinary  temperatures,  but  on  lioating  the  Wutor  t) 
the  boiling  point,  hydrogen  begins  to  escape.  Warm  hydrochK»ric  acid  dixv-kes 
titanium  with  brisk  evolution  of  hydrogen.  Ammonia  added  to  the  sulntii.a 
throws  down  a  black  oxide ;  and,  on  heating  the  lifpiid,  hydrogen  is  evolved,  asd 
the  precipitate  first  turns  blue,  and  is  afterwards  converted  into  whito  titanic  acid. 

Titanium  fonns  three  compounds  with  oxygen:  viz.,  the  j)roto:ri\if  ^  TiO,  wh.i*e 
composition  is,  however,  doubtful ;  the  srsiqutoxiJ':,  TijOaj  and  (it'inic  wiK  TiO,. 

Protoxiile  of  titanium j  TiO,  32  33  or  4U3'7  —  is  formed  when  tiuinie  acil  ii 
exposed  in  a  charcoal  crucible,  to  the  highest  temperature  of  a  wind-furiu."-. 
Where  the  acid  was  in  contact  with  the  charcoal,  a  thin  coating  of  metallic  lica- 
nium  is  formed;  but  within,  it  is  changed  into  a  black  m:L<s,  which  is  in««^luMt'  ia 
all  acids,  and  not  other\vise  aflected  by  them,  and  is  oxidated  with  difl[iculty  whcQ 
heated  in  contact  with  air,  or  by  fusion  with  nitre.  Protoxide  of  titanium  i?  i^s*) 
obtained  by  the  moist  way,  in  the  fonn  of  a  deep  jmrplc  ]>owder,  when  a  fngictnt 
of  zinc  or  iron  is  introduced  into  a  solution  of  titanic  acid  in  hvdn^ehlurio  aoil; 
but  it  alters  so  quickly  by  absorption  of  oxygen,  that  no  opportunity  has  \tt  era 
obtained  of  studying  its  properties.  The  composition  assigned  ti.>  it  above  L*, 
therefore,  hypothetical.  The  blue  powder  is,  perhaps,  a  compound  uf  pri.«toxiie 
of  titanium  with  oxide  of  zinc  or  iron. 

AS't^Quioxide  of  titanium  J  TigOj.  —  AVhen  anhydrous  titanic  acid  is  stroilj 
ignited  in  a  current  of  hydrogen  gas,  it  becomes  black  and  l«.'Si\**  eonsider.My  ia 
weijrht.  From  a  doternnnation  of  the  actual  loss  of  weiirht,  Kbelmeu  oiiuiuici 
that  sesciuioxidc  of  titanium  is  produced.  The  residue  is  not  acted  upt-n  by  nitnc 
or  hydrochloric  acid,  but  dissolves  in  sulphuric  acid,  funning  a  viulet  .•^■►lutijn.' 

Titanic  avid,  TiOj,  40o3  or  rj(j3-7. — Jn  th«^  mineral  rutile,  titanic  aii  \  is  ctt5- 
tallized  in  the  form  of  tinstone,  the  link  by  which  tin  is  connected  with  liraLsuifl. 
Again,  ilmenite  and  other  varieties  of  titauate  of  iron,  reO.Ti(.)2  are  is.innrphoos 
with  sesquioxide  of  iron;  and  thus  tin  conus  to  be  connected  thmuijh  tita&iaai 
with  the  last  order  of  metals.  13ut  titanic  acid  is  dimorphous,  and  cry?iallizt?,  in 
anatase,  in  an  unconnected  form.  The  best  method  of  obtaining  pure  titnnio  &M 
is  to  fuse  titanate  of  iron,  reduced  to  powder  and  levigated  with  sulphur.  Tit 
sulphur  has  no  action  upon  the  titanic  acid,  but  converts  the  protoxide  of  ir« 
into  a  sulphide  of  iron,  which  is  dissolved  by  hydrtwhloric  acid.  If  iron  i*  i^ 
retained  by  the  titanic  acid,  the  latter  is  heated  iu  a  stream  of  hydrosulpharic  »eA 

*  Ann.  Gh.  Phys.  [3.]  xx.  885. 
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m,  bj  which  every  particle  of  iron  is  conycrted  into  sulphide,  and  then  removed 
by  hydrochloric  acid. 

Titanic  acid  is  a  white  powder,  which  acquires  a  yellow  tint  by  exposure  to  a 
high  temperature ;  it  is  infusible  and  insoluble  in  wutcr.  Titanic  acid  is  consi- 
derably analogous  in  properties  to  silica ;  like  that  acid  it  has  a  soluble  modificii- 
tion,  formed  by  igniting  titanic  acid  with  an  alkaline  ciirbonatc,  which  is  soluble 
in  dilute  hydrochloric  acid.  The  acid  solution  of  titanic  acid  gives  an  orange-red 
precipitate  with  an  infusion  of  gall-nuts,  which  is  characteristic  of  titanic  acid. 
On  neutralizing  the  acid  solution  with  ammonia,  the  soluble  modification  of  titanic 
acid  is  thrown  down  as  a  white  gelatinous  precipitate.  When  this  precipitate  is 
dried  and  heated,  it  glows,  and  the  titanic  acid  is  then  no  longer  soluble  in  acids. 
When  a  solution  of  bichloride  of  titanium,  or  of  the  sulphate  of  titanic  acid  in 
water,  is  boiled  for  some  time,  titanic  acid  precipitates  in  the  insoluble  modifi- 
cation. 

Titanic  acid  mixed  with  borax,  or  better  with  phosphorus-salt,  forms  in  the  outer 
blowpipe-flame  a  colourless  glass,  but  in  the  inner  fiame,  a  glass  which  is  yellow 
while  hot,  but  assumes  a  violet  colour  on  cooling.  The  same  character  is  exhibited 
by  those  salts  of  titanic  acid  whose  bases  do  not  themselves  impart  any  colour  to 
the  bead.  If  the  titanic  acid  contains  iron,  the  colour  of  the  bead  is  brown-red 
or  blood-red  in.stead  of  viulet.  Many  titanates  yield  the  blue  colour  only  with 
phosphorus-salt,  not  with  borax.  The  colour  is  produced  more  readily  by  heating 
the  substance  on  charcoal  than  on  platinum  wire.  The  above  characters  sufiice  to 
distinguish  titanic  acid  from  all  other  substances. 

Bisulphide  of  titanium,  TiSj,  was  discovered  by  Rose,  who  formed  it  by  passing 
the  vapour  of  bisulphide  of  carbon  over  titanic  acid,  in  a  porcelain  tube  main- 
tained at  a  bright  red  heat. 

Bichloride  of  titanium,  TiClj,  was  formed  by  Mr.  George,  of  Leeds,  by  trans- 
mitting chlorine  over  metallic  titanium  at  a  red  heat.  It  is  a  transparent  colour- 
less liquid,  resembling  bichloride  of  tin,  and  boiling  a  little  above  212^.  The 
density  of  its  vapour  is  (vGlo  (Dumas).  Bichloride  of  titanium  combines  with 
ammonia,  and  forms  a  white  saline  mass,  TiCl^.^NUg.  Metallic  titanium  is  most 
easily  ubtaiucd  by  heating  this  compound  to  redness.  Bichloride  of  titanium  also 
absorbs  phosphurettcd  hydrogen,  and  forms  a  dry  brown  powder.  From  this 
compound  when  heated,  a  lemon-yellow  sublimate  rises,  which  Rose  found  to  con- 
tain S  atoms  of  bichloride  of  titanium,  combined  with  1  atom  of  a  compound  of 
phosphurettcd  hydrogen  and  hydrochloric  acid,  analogous  to  sal-ammoniac,  but 
which  could  not  be  isolated.  Bichloride  of  titanium  combines  with  the  alkaline 
chlorides,  forming  double  salts,  which  are  colourless  and  capable  of  crystallizing. 
It  also  combines  with  chloride  of  cyanog«*u,  forming  a  yellow  crystalline  compound 
containing  CyC1.2TiCl2i  and  with  anhydrous  hydrocyanic  acid,  forming  the  com- 
pound IICy.TiClj,  a  yellow  pulverulent  substance  which  sublimes  below  212°,  in 
transparent,  shining,  lemon-yellow  crystals. 

Bromide  of  titaninm,  TiBrj,  is  obtained  by  passing  bromine  vapour  over  an 
intimate  mixture  of  titanic  acid  and  carbon,  heated  to  bright  redness,  and  distilling 
the  resulting  brown  liquid  with  excess  of  mercury  to  remove  free  bromin  J.  It  is 
an  amber-yellow  crystalline  body  of  specific  gravity  2G.  It  melts  at  102°,  and 
boils  at  fS5G°.  It  attracts  moisture  with  the  greatest  avidity,  and  is  converted  into 
titanic  and  hydrobromic  acids  (F.  B.  Duppa). 

A  volatile  hijiuoride  of  titanium,  TiFg,  was  obtained  by  Unverdorben,  by  dis- 
tilling titanic  acid  in  a  platinum  apparatus  with  fluor  spar  in  powder  and  fuming 
snlphuric  acid. 

A  definite  sulphate  of  titanic  acid,  TiOj  .  SOj,  is  obtained  by  dissolving  titanio 
acid  in  sulphuric  acid,  and  evaporating  to  dryness  at  a  heat  below  redness. 

Nitrides  of  titanium,  —  H.  Hose,  by  heating  the  double  chloride  of  titaninm 
and  ammonium  in  ammoniacal  gas,  or  by  heating  the  ammonio-chloride  of  titanium, 
2NH3 .  TiClf,  with  sodium,  obtained  a  copper-coloured  substance  which  he  supposed 
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to  be  metallio  titanium,  but  which  Wohler  has  shown  to  ooosist  of  nitride  of 
titanium,  TijNg,  or  more  probably  TieN4  =  3TiN  .  TisN ;  it  contains  28  per  «at 
of  iiitrogCD.  This  compound  is  redder  than  the  cubic  crystals  of  the  blast* 
furnaces,  which  have  a  tinge  of  yellow.  Another  nitride  of  Utaoiuin,  TiN,  ia 
produced  when  titanic  acid  is  strongly  heated  in  a  stream  of  ammoniaoal  gai».  Iti 
powder  is  dark  violet,  with  a  tinge  of  copper-colour ;  in  small  pieces  it  exhibit  % 
violet  copper-colour  and  metallic  lustre.  A  third  nitride,  Ti,X,,  or  more  probUj 
2TiN  .  TijN,  is  formed  when  Hose's  titanium  is  subjected  to  the  action  of  ■  etraia 
of  hydrogen  at  a  strong  red  heat.  It  has  a  brassy  or  almost  gold-yellow  oolov 
and  a  metallic  lustre.  It  is  also  obtained  (mixed  however  with  carbon)  vhea 
titanic  acid  is  heated  to  redness  in  a  stream  of  cyanogen  gas  or  hydrocyanic  acid 
vapour;  no  cyanide  of  titanium  is  formed  in  this  reaction.  All  these  three 
nitrides  of  titanium  sustain,  without  decomposition,  a  temperataro  at  least  ct^ual  to 
that  of  melting  silver.  Mixed  in  the  state  of  powder  with  the  oxides  of  cupper, 
lead,  or  mercury,  and  heated,  they  emit  a  lively  sparkling  flame,  and  reduce  the 
oxides  to  the  metallic  state.  When  fused  with  hydrate  of  potash,  they  give  of 
ammoniacal  gas  (Wohler). 

Nitrocyanide  of  titanium^  C2NTi  .  3TisN.  —  This  is  the  coppcr-colourcd  im- 
pound already  spoken  of  as  occurring  in  the  iron  furnacos,  and  formerly  misuki.D 
for  metallic  titanium.  Its  formation  appears  to  be  connected  with  that  of  cyini'le 
of  potassium,  so  constantly  observed  in  the  blast-furnaces.  It  sometimes  ocean 
in  very  largo  masses ;  in  a  furnace  at  llubeland  in  the  Hartz,  a  mass  of  it  ma 
found,  weighing  80  pounds.  This  compound  forms  cubic  crystals  harder  tkaa 
quartZy  and  of  specific  gravity  5*3.  It  contains  18  per  cent,  of  nitrogen  and  4  of 
carbon.  In  its  chemical  characters,  it  resembles  the  nitrides  just  described,  giriog 
off  ammonia  when  heated  with  potjish,  and  reducing  the  oxides  of  lead,  copper, 
and  mercury,  when  heated  with  them.  A  similar  product  may  bo  formed  bj 
placing  a  mixture  of  titanic  acid  and  ferrocyauido  of  potassium  in  a  well  ckaed 
crucible,  and  exposing  it  for  an  hour  to  a  heat  sufficient  to  melt  nickel  (Wohler). 

ESTIMATION  OF  TITANIUM,  AND   METHODS  OF  SEPARATING  IT  FROM  THE  FU- 

OEDINQ   METALS. 

Titanium  is  always  estimated  in  the  form  of  titanic  acid.  This  compoand  if 
best  precipitated  from  its  solutions  in  acids  by  ammonia,  which  throws  it  dovo  ii 
the  form  of  a  very  bulky  precipitate,  resembling  hydrato  of  alumina.  A  p«l 
excess  of  ammonia  must  be  avoided,  as  it  would  re-dissolve  a  small  portion  of  thi 
titanic  acid.     The  precipitate  after  ignition  contains  GO  per  cent,  of  titanium. 

If  the  titanic  acid,  after  precipitation  by  ammonia,  is  to  be  rcdissolved  in  icidii 
which  is  sometimes  necessary  in  order  to  separate  it  from  other  metals,  gn»t  can 
must  be  taken  in  the  precipitation  to  avoid  all  rise  of  temperature,  and  the  pi^ 
cipitatc  must  be  washed  with  cold  water,  because  heat  has  the  effect  of  rcoderiaf 
titanic  acid  more  or  less  insoluble  in  acids. 

Titanic  acid  may  also  in  some  cases  be  separated  from  its  acid  sdutioaa  \ff 
bJilingf  from  the  solution  in  sulphuric  acid,  complete  precipitation  is  eflfeetod  bj 
this  method ;  but  when  hydrochloric  acid  is  the  solvent,  a  small  portion  of  tttaais 
acid  always  remains  in  solution  after  boiling. 

Protoxide  of  titanium  is  precipitated  from  its  solutions  by  ammonia,  and  tbi 
precipitate,  after  standing  from  24  to  36  hours,  is  converted,  with  evolution  rf 
hydrogen,  into  titanic  acid,  in  which  form  it  may  be  estimated. 

From  the  alkalies  and  alkaline  earths,  titanic  acid  may  be  separated  by  ammooiii 
the  solution  in  the  latter  case  being  carefully  excluded  from  toe  air.  Baiyta  09 
also  be  separated  by  sulphuric  acid. 

Titanic  acid  is  separated  from  magnesia  by  boiling,  if  the  two  are  dinolTed  Vk 
sulphuric  acid,  and  by  precipitation  with  carbonate  of  baryta,  whea  hydraeUm 
acid  is  the  solvent. 
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The  separation  from  alumina  and  ghtcina  is  also  effected  by  boiling  tbe  sulpliiirio 
add  solution. 

From  the  metals  which  are  precipitated  as  sulphides  by  sulphide  of  ammoniumi 
Tiz.y  manganese^  iron,  cobalt,  nickel,  and  zinc,  titanic  acid  is  separated  by  mixing 
the  acid  solution  with  tartaric  acid  and  excess  of  ammonia  (which  then  forms  no 
precipitate),  and  adding  sulphide  of  ammonium^  which  precipitates  everything  but 
the  titanic  acid.  The  filtered  solution  is  then  evaporated  to  dryness,  and  the 
residue  ignited  in  a  platinum  crucible  to  expel  ammoniacal  salts  and  burn  away  the' 
earbon  of  the  tartaric  acid.  As  this  curbonaceous  matter  is  very  difficult  to  burn, 
the  ignition  should  either  be  performed  in  a  muffle  furnace,  or  a  stream  of  oxygen 
should  be  ¥ery  gently  directed  into  the  crucible.  The  residue  consists  of  titanio 
acid,  which  may  then  be  weighed. 

From  cadmium,  copper,  lead,  and  (in,  titanium  is  easily  separated  by  hydro- 
sulphuric  acid. 

SECTION  III. 

CHBOMIUM. 

Eq.  26-8  ar  335 ;  Cr. 

This  metal,  so  remarkable  for  the  variety  and  beauty  of  its  coloured  preparations, 
was  discovered  by  Vauquelin  in  1797,  in  the  red  mineral  now  known  as  chroinate 
of  lead.  It  has  since  been  found  in  other  minerals,  more  particularly  chrome-iron 
(FeO  .  CrgOs),  a  mineral  which  many  countries  possess  in  considerable  quantitv. 
It  is  from  this  ore  that  the  compounds  of  chromium,  used  in  the  arts,  are  actually 
derived.  The  metal  may  be  procured  by  the  reduction  of  its  oxide,  in  the  usual 
way;  but  the  reduction  is  as  difficult  as  that  of  manganese.  Chromium  is  a 
greyish- white  metal,  of  density  5*9,  very  difficult  to  fuse,  and  not  magnetic.  It 
does  not  undergo  oxidation  in  the  air.  It  dissolves  in  hydrofluoric  acid  with 
evolution  of  hydrc^n.  Chromium  is  also  obtained  as  a  brown  powder,  when 
eesquichloride  of  chromium  is  heated  in  ammoniacal  gas  (Liebig). 

Chromium  forms  several  compounds  with  oxygen ;  viz.  protoxide  of  chromium, 
or  chromous  oxide,  CrO,  isomorphous  with  ferrous  oxide,  &c. ;  sfsquioxide  of 
chromium,  or  chromic  oxide,  CrgOs,  isomorphous  with  ferric  oxide  and  alumina; 
and  chromic  cuid,  CrO,,  isomorphous  with  sulphuric  acid ;  also  a  chromoso-chrf/mic 
oxide,  Crfi^,  or  CrO.CrgOs,  and  four  oxides  intermediate  between  chromic  oxide 
and  chromic  acid^  which  may,  in  fact,  be  regarded  as  chromates  of  chromic  oxide ; 
▼is.  monochromate  of  chromic  oxide,  or  Cr20j.CrOs  =  CrjOfl;  the  bichromate, 
Cr,Oa.2CrOa  =  Cr409 ;  the  neutral  chromate,  Cr,0a.3Cr0j  =  CrjOw,  and  the  acid 
chromate,  Cr,0s.4Cr0s  =  Cr^Oij. 

Prf/toxide  of  chrr/mium,  Chromous  oxide,  CrO;  34*8  or  435.  —  This  oxide 
probably  exists  in  chrome-iron,  and  in  pyropc.  It  is  precipitated  in  the  form  of  a 
hydrate  by  the  action  of  potash  on  a  solution  of  the  protochloridc.  The  anhy- 
drous protoxide  has  not  yet  been  obtained.  The  hydrate  is  very  unstable,  decom- 
poses water,  even  at  ordinary  temperatures,  and  if  the  air  be  not  excluded  by  fill- 
ing the  apparatus  with  hydrogen  is  converted,  almost  as  soon  as  formed,  into 
chromoso-chromic  oxide,  Cr,04,  with  evolution  of  hydrogen  (Pdligot).  It  is  yellow 
when  recentlv  precipitated,  brown  when  dry,  and  may  be  preserved  unaltered  in 
dry  air.  When  ignited  it  gives  off  hydrogen,  and  the  oxygen  thereby  liberated 
converts  the  remaining  protoxide  into  sesquioxide  (Moberg). 

Hydratcd  chromous  oxide  is  insoluble  in  dilute  acids,  but  dissolves  slowly  in 
strong  acids.  The  chromous  salts  are  best  prepared  by  mixing  a  solution  of  tho 
pmtochloride  with  the  corresponding  potash  or  soda  salts,  access  of  air  being  care- 
folly  prevented.     They  are  generally  of  a  red  colour,  sometimes  inclinbg  to  blue; 
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dissolve  but  sparingly  in  cold  water,  but  more  readily  in  hot  water.  ISkt  Umm 
salts,  they  dissolve  largo  quantities  of  nitric  oxide,  fonuinfr  dark  brown  solatioBi. 

Frotochloride  of  chromium^  chromouz  chioride,  CrCl ;  62-3  or  778  "5. — (K^ 
taincd  by  passing  hydrogen  gas  over  perfectly  anhydrous  sesqnichloride  of  chi» 
mium  very  gently  heated,  as  long  as  hydrochloric  acid  gas  continues  to  CMape. 
The  hydrogen  must  be  previously  freed  from  all  traces  of  oxygen  by  pa««in;  ik 
through  a  solution  of  protochloride  of  tin  in  caustic  potash,  then  through  tubei 
containing  sulphuric  acid  and  chloride  of  calcium,  and  lastly  over  red-hot  ueul&B 
copper.  The  protochloride  is  also  formed  by  passing  diy  chlorine  gas  over  a  ret 
hot  mixture  of  charcoal  and  chromic  oxide.  The  first  method  yields  tho  pK>tt^ 
chloride  in  the  form  of  a  white,  velvety  substance,  retaining  the  form  of  thesei- 
quichloride  from  which  it  has  been  formed ;  the  second  method  yields  it  in  Soe 
white  crystals,  usually  mixed,  however,  with  chromic  oxidc^  chromic  chloride,  and 
charcoal. 

Protochloride  of  chromium  dissolves  in  water,  with  evolution  of  heat,  forming  t 
blue  solution,  which  rapidly  turns  green  when  exposed  to  the  air  or  to  chluriDe  ju. 
With  jHttafih  it  forms  a  dark  brown  precipitate  (yellow,  according  to  Moberj:,  if 
the  air  be  completely  excluded)  of  hydrated  chromous  oxide,  which,  buwtrvcr, 
quickly  changes  to  light  brown  chromoso-chromic  oxide,  with  evolution  of  hydro- 
gen. Ammonia  forms  a  greenish  white  precipitate,  without  evolution  uf  livdn)- 
gen.  With  ammonia  and  sal-ammoniac,  a  blue  liquid  is  foniied  which  tunu  red 
on  exposure  to  the  air.  Sulphide  of  ammonium  or  2x^(^1  *sium  forms  a  black  pre- 
cipitate of  chromous  sulphide.  The  solution  of  protochloride  of  chromium  is  om 
of  the  most  powerful  deoxidizing  agents  known.  With  a  solution  of  mon*tckromuti 
of  j^jtashj  it  forms  a  dark  brown  precipitate  of  chromoso-chromic  oxide,  wkich, 
however,  disappears  on  the  addition  of  an  excess  of  the  protochloride,  and  fintft 
green  solution.  It  precipitates  adomel  from  a  solution  of  corrosive  subliutatc 
With  ctipric  salts,  it  forms  at  first  a  white  precipitate  of  cuprous  chloride;  bat 
when  added  in  excess  throws  down  red  cuprous  oxide.  It  instantly  conrerti 
Uiiujstic  acid  into  blue  oxide  of  tungsten,  and  precipitates  goid  from  the  solotki 
of  the  chloride. 

Chromous  carbonate  is  formed  by  adding  a  solution  of  the  chloride  to  carbooaii 
of  potiish ;  its  precipitate  is  red  or  red-brown,  if  the  alkaline  solution  is  hot,  bat 
in  the  form  of  dense  yellow  or  bluish  green  flakes,  if  it  is  cold ;  the  prcci]Mtilc 
appears,  however,  to  have  the  same  composition  in  all  cases  (Moberg). 

Chromous  sulphite  is  obtained  by  double  decomposition  in  the  form  of  a  brick- 
red  precipitate,  which  becomes  bluish  green  on  exposure  to  the  air  (Mober^). 

Chromous  suljdiatc When  the  metallic  powder  obtained  by  treating  setqai- 

chloride  of  chromium  with  potassium  is  treated  with  dilute  sulphuric  acid,  hydnh 
gen  is  evolved,  and  s^  solution  obtained  which  exhibits  the  characten  of  a  ehr^ 
mous  salt  (Peligot). 

Chromo»o-chr*nnic  oxide,  Crfi^  =  CrO.Cr,Oj.  — Formed  when  the  proUuUl 
comes  in  contact  with  water,  and  consequently  at  the  moment  of  its  precipiutioa 
by  potash,  from  a  solution  of  the  protochloride.  After  washing  with  water  ul 
dr}'ing  in  vacuo,  it  has  the  colour  of  Spanish  tobacco.  It  is  but  feebly  attackfl 
by  acids.  The  hydrate  is  composed  of  Cr,04.nO;  when  heated,  it  is  cuoveital 
into  chromic  oxide  with  evolution  of  hydrogen. 

Si'squioxidc  of  chromium,  Chromic  oxide,  77*6  or  970.  —  This  oxide  exiitiii 
chrome-iron,  but  is  not  immediately  derived  from  that  mineral.  When  chroBitf 
of  mercury,  the  orange  precipitxite  obtained  on  mixing  nitrate  of  mercoiy  ail 
chromate  of  potash,  is  strongly  ignited,  chromic  oxide  remains  as  a  powder  of  ■ 
good  green  colour.  Chromic  oxide  is  also  obtained,  by  deoxidizing  the  chnB* 
acid  of  bichromate  of  potash  in  various  ways;  by  ignition  with  salphor,  ki 
instance,  or  by  igniting  together  1  part  of  bichromate  of  potash  with  1|  paM  if 
aal-ammoniac  and  1  part  of  carbonate  of  potash,  whereby  chloride  of  puliwiW 
and  Besquioxide  of  chromium  are  formed,  tho  ohnmiio  icid  losing  hilf  iia  9gjfh 
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vliich  18  converted  into  water  by  the  hydrogen  of  the  ammonia.  Another  pro- 
oefiSy  interesting  from  affording  the  oxide  in  the  state  of  crystals,  is  to  pass  the 
Tftpour  of  chlorochromio  acid  rCrOgCl)  through  a  tube  heated  to  whiteness,  when 
oxygen  and  chlorine  gases  arc  aiscngaged,  and  chromic  oxide  attaches  itself  to  the 
sarmce  of  the  tube.  The  crystals  have  a  metallic  lustre,  and  arc  of  so  deep  a  green 
■8  to  appear  black ;  they  have  the  same  form  as  specular  iron  ore,  a  density  of  5'21| 
and  are  as  hard  as  corundum  (Wohler).  The  ignited  oxide  is  not  soluble  in  acids ; 
heated  with  access  of  air,  and  in  contact  with  an  alkali,  it  absorbs  oxygen,  and  is 
converted  into  chromic  acid.  Fused  with  borax  or  other  vitreous  substances,  ses- 
quioxide  of  chromium  produces  a  beautiful  green  colour ;  it  is  the  colouring  matter 
oif  the  emerald,  and  is  employed  to  produce  a  green  colour  upon  earthenware. 
Sesquioxidc  of  chromium  (and  not  chromic  acid)  is  also  the  colouring  matter  of 
pink  colour  applied  to  stoneware.  This  substance  is  formed  by  strongly  igniting 
a  mixture  of  100  parts  of  bioxide  of  tin,  33  parts  of  chalk,  and  not  more  than  one 
part  of  sesquioxidc  of  chromium.* 

To  obtain  the  same  oxide  in  the  hydratcd  state,  a  solution  of  bichromate  of  pot- 
ash is  brought  to  the  boiling  point,  and  hydrochloric  acid  and  alcohol  added  alter- 
nately in  small  quantities,  till  the  solution  passes  from  a  red  to  a  deep  green  colour, 
and  no  longer  effervesces  from  escape  of  carbonic  acid  gas,  on  addition  of  either 
{he  acid  or  alcohol.  In  this  experiment,  the  chromic  acid  liberated  by  the  hydro- 
chloric acid,  is  deprived  of  half  its  oxygen  by  the  hydrogen  and  carbon  of  the 
alcohol,  and  the  resulting  sesquioxidc  of  chromium  is  dissolved  by  the  excess 'of 
hTdrochloric  acid  present,  and  in  fact  converted  into  the  corresponding  sesquichlo- 
nde  of  chromium.  Many  other  organic  substances  may  be  used  in  place  of  alco- 
hol in  this  experiment,  such  as  sugar,  oxalic  acid,  &c.  The  reduction  may  also  be 
effected  by  hydro-sulphuric  acid  or  even  by  hydrochloric  acid  alone,  if  added  in 
Bufficient  excess ;  in  this  last  case,  scsquichloride  of  chromium  and  chloride  of 
potassium  are  then  formed,  and  part  of  the  chlorine  escapes  as  gas ;  thus : 

K0.2CrO,  +  7HC1  =>.KCI  +  CrjCla  +  7H0  +  8C1. 

The  oxide  of  chromium  is  precipitated  from  the  green  solution  by  ammonia,  and 
falls  as  a  pale  bluish-green  hydrate.  The  same  oxide  is  obtained  more  directly, 
when  to  a  boiling  solution  of  bichromate  of  potash  a  hot  solution  of  pontasulphido 
o   potassium  is  added,  the  chromic  acid  then  ^ving  half  its  oxygen  tc  the  sulphur. 

Hydrated  chromic  oxide  is  soluble  in  acids,  and  forms  salts.  Ii  is  also  dis- 
BOlved  by  potash  and  soda,  but  not  to  a  great  extent  by  ammonia.  Ils  salts  have 
a  sweet  taste,  and  are  poisonous.  The  oxide  itself  becomes  of  a  greener  colour 
when  dried,  and  loses  water.  A  moderate  heat  affects  its  relations  to  acids,  the 
Bulphate  of  the  heated  (or  green)  oxide  not  forming  a  double  salt,  for  instance, 
with  sulphate  of  potash.  When  heated  to  redness,  it  glows,  or  undergoes  the 
aame  change  as  zirconia,  bioxide  of  tin,  and  many  other  hydratcd  oxides  when 
made  anhydrous ;  becomes  denser,  assumes  a  pure  green  colour,  and  ceases  to  be 
soluble  in  acids. 

The  salts  of  chromic  oxide  exhibit  two  different  modifications,  green  and  violet; 
Bome  acids,  f.^.,  sulphuric  and  hydrochloric,  produce  both  modifications;  others 
only  one.  Ammonia  produces,  in  solutions  of  green  salts,  a  bluish-grey  precipi- 
tate, but  in  solutions  of  the  violet  salts,  a  greenish-grey  precipitate,  both  of 
which,  however,  yield  green  solutions  when  dissolved  in  sulphuric  or  hydrochlorio 
acid  (Regnaolt) ;  according  to  II.  Rose,  however,  the  precipitate  is  bluish-grey  in 
both  eases.  The  liquid  above  the  precipitate  has  a  reddish  colour,  and  contains 
a  small  quantity  of  chromic  acid.  Potash  and  soda  form  similar  precipitates, 
which  dissolve  in  excess  of  the  alkali,  forming  green  solutions  from  which  the 
chfomio  oxide  is  precipitated  by  boiling.     The  alkaline  carbonates  form  greenish 

*  Mabgati,  Ann.  Ch.  Phya.  [8.]  Ixi.  p.  483.  llr.  0.  Sims  finds  that  seiqaiozide  of  iron 
aad  bioxide  of  nuuigaiieae  may  do  aubstituted  for  oxide  of  chromiom  in  pink  colour,  so  that 
Hm  coloration  of  that  eobstanoe  is  of  a  very  peculiar  ohancter. 
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precipitates  (Tiolet  by  candle-light),  which  dissolve  to  a  considerable  extent  h 
excess  of  the  reagent.  Ilydrosulphuric  acid  forms  no  precipitate;  nlphideyf 
ammonhmi  throws  down  the  hjdrated  sesquioxide. 

Zlnc^  immersed  in  a  solution  of  chrome-alum  or  scsouichloride  of  chromium 
excluded  from  the  air,  gradually  reduces  the  chromic  salt  to  a  chromoos  salt,  tlM 
liquid  after  a  few  hours  acquiring  a  fine  blue  colour,  and  hvdrof^n  bein*;  erohei 
by  decomposition  of  water.  If  the  zinc  be  left  in  the  liquid  aflcr  the  chance  of 
colour  from  green  to  blue  is  complete,  h3'drogen  continues  to  escape  slowly^  ind 
the  liquid  after  some  weeks  or  months,  is  found  no  longer  to  contain  chromium, 
the  whole  of  that  metal  being  precipitated  in  the  form  of  a  basic  salt,  and  its  pUcc 
taken  by  zinc.  Tiriy  at  a  boiling  heat,  likewise  reduces  the  chromic  salt  to  a  ehr> 
nious  salt,  but  only  to  a  limited  extent;  and  on  leaving  the  licfuid  to  cool  after  the 
action  has  ceased,  a  contrary  action  takes  place,  the  protochloride  of  chrumiom 
decomposing  the  protochloride  of  tin  previously  formed,  reducing  the  tin  to  the 
metallic  state,  and  being  itself  reconverted  into  6es<[uich]oride.  Iron  docs  out 
reduce  chromic  salts  to  chromous  salts,  but  merely  precipitates  a  basic  sulphate 
of  chromic  oxide,  or  an  oxychloride,  as  the  case  may  be.* 

Sesquioxide  (and  also  the  protoxide)  of  chromium,  ignited  with  an  alkaline  cu- 
bonutc,  or  better  with  a  mixture  of  the  carbonate  and  nitre,  is  converted  into 
chromic  acid,  which  unites  with  the  alkali ;  and  on  dissolving  the  fused  product 
in  water,  filtering  if  necessary,  and  neutralizing  with  acetic  acid,  the  charactoristie 
reactions  of  chromic  acid  (p.  511)  may  be  obtained  with  lead  and  silver-salts.  An 
oxide  of  chromium  fused  with  'borax,  in  cither  blowpipe  flame,  vielils  an  emenld- 
green  glass.  The  same  character  is  exhibited  by  those  salts  of  chromic  acid  wlwK 
bases  do  not  of  themselves  impart  decided  colours  to  the  bead. 

A  scsqnisulphide  of  chromimnj  Cr2^i»  corresponding  with  the  oxide,  is  obtained 
by  exposing  the  latter,  in  a  porcelain  tube,  to  the  vapour  of  bisulphide  of  carboo.it 
a  bright  red  heat.  It  is  a  substance  of  a  dark  grey  colour,  which  b  dissolved  bj 
nitric  acid. 

Srsqukhloride  of  chrominm,  Chromic  chloride,  Cr,Cls;  160*1  or  2001.2.^TUi 
salt  is  obtained  as  a  sublimate  of  a  peach-purple  colour,  when  chlorine  is  raffed 
over  a  mixture  of  oxide  of  chromium  and  charcoal,  ignited  in  a  porcelain  tube :  or 
in  the  hydrated  state  by  evaporating  the  solution  of  sesquichloride  of  chrumiom 
to  dryness.  The  salt  obtained  by  the  latter  process  is  a  green  powder  coDtUBiag 
CriCls-l-OIIO.  When  heated,  it  gives  off  water  and  hydrochloric  acid,  and  letw 
a  residue  of  oxychloride  of  chromium.  Heated  in  a  current  of  hydrochloric  idd 
gas,  it  likewise  parts  with  its  water,  and  is  converted  into  the  violet  anhydnM 
scfifquicliloride.  The  solution,  evaporated  in  vacuo,  leaves  an  aniurphoos  nuM 
which  dissolves  in  water  with  evolution  of  heat,  and  consists  of  CrjCls+6H0 
(IV'Iigot).  Anh3'drous  sesquichloride  of  chromium  is  perfectly  insoluble  in  eoU 
Water,  and  dissolves  but  very  slowly  in  boiling  water;  but  if  to  cold  water  in  whick 
the  sesquichloride  is  immersed,  there  be  added  a  very  small  quantity*  even  reifV 
of  protochloride  of  chromium,  a  green  solution  is  formed  identical  with  that  won 
is  obtained  by  dissolving  chromic  oxide  in  hydrochloric  acid  (Peligot). 

Chromic  sulphate,  i^ViO^.ZSO^]  1970  or  247*0.  —  Chromic  oxide  is  diflMJifl 
by  sulphuric  acid,  but  the  salt  does  not  crystallize.  Chromic  sulphate  exhibims 
violet  and  a  green  modification.  The  violet  sulphate  is  obtained  by  learing  8 
parts  of  hydrated  chromic  oxide,  dried  at  212°,  and  8  or  10  parts  of  stxooeiBi" 
phuric  acid  in  a  loosely  stoppered  bottle  for  several  weeks.  The  solution,  wbiA 
IS  green  at  first,  gradually  becomes  blue,  and  deposits  a  greenish  blue  crrftiBui 
mass.  On  dissolving  this  substance  in  water,  and  adding  alcohol,  a  riole^UM 
crystalline  precipitate  is  formed;  and  by  dissolving  this  precipitate  in  reiyvMi 
alcohol,  and  leaving  the  solution  to  itself  for  some  time,  small  regnl&r  octoWwwi 
are  deposited,  containing  CrtOj.SSOs-f  15U0.     The  tprten  Buipkaie  is  pRp**' 

*  H.  Loewel,  Ann.  Ch.  Pbyi.  [8],  zL  42. 
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by  dissolving  chromic  oxide  id  strong  snlpharic  acid  at  a  tempera turo  between 
122#  and  140^ ;  also  by  boiling  a  solution  of  the  violet  sulphate.  The  liquid,  when 
aaickly  evaporated,  yields  a  green  crystalline  salt,  having  the  same  composition  as 
the  violet  sulphate.  The  green  sulphate  dissolves  readily  in  alcohol,  forming  a  blue 
solution,  but  the  violet  salt  is  insoluble  in  alcohol.  The  solution  of  the  green  sul- 
phate is  not  completely  decomposed  by  soluble  baryta-salts  at  ordinary  temperatures, 
a  boiling  heat  being  required  to  complete  it ;  the  violet  sulphate,  on  the  contrary,  is 
deprived  of  all  its  sulphuric  acid  by  baryta-salts  at  ordinary  temperatures.  When 
either  the  green  or  the  violet  sulphate  is  heated  to  390°,  with  excess  of  sulphuric 
acid,  a  light  yellow  mass  is  obtained,  which,  when  further  heated,  leaves  a  residue 
of  anhydrous  chromic  sulphate,  having  a  red  colour.  This  anhydrous  salt  is  com- 
pletely insoluble  in  water,  and  dissolves  with  difficulty  even  in  acid  liquids.* 

Chromic  sulphate  forms  a  crystallizable  double  salt  with  sulphate  of  potash,  viz., 
chrome-alum^  KO.SOj-f  Cri03.3S03  +  24HO.  This  salt  is  produced  when  a  mix- 
ture of  its  constituent  salts,  with  a  little  free  sulphuric  acid,  is  left  to  spontaneous 
evaporation.  The  best  mode  of  preparing  it  is  to  mix  three  parts  of  a  saturated 
solution  of  neutral  chromate  of  potash,  first  with  one  part  of  oil  of  vitriol,  and  then 
with  two  parts  of  alcohol,  which  is  to  be  added  by  small  portions  to  the  mixture 
of  acid  and  chromate,  and  not  to  apply  artificial  heat.  The  chromic  acid  is  thus 
deoxidized  in  a  gradual  manner,  and  large  crystals  of  the  double  sulphate  arc 
slowly  deposited  (Fischer).  The  octohedral  crystals  of  chrome-alum  are  of  a  dark 
purple  colour,  and  of  a  beautiful  ruby-red,  when  so  small  as  to  be  transparent. 
The  solution  is  bluish-purple,  but  when  heated  to  140°  or  180°  becomes  green, 
and,  according  to  Fischer,  either  deposits  on  evaporation  a  bright-green  amorphous, 
difficultly  soluble  mass,  or  yields  crystals  of  sulphate  of  potash,  while  green  chromio 
sulphate  remains  in  solution.  According  to  Loowel,'|*  on  the  contrary,  the  change 
of  the  purple  into  the  green  salt  does  not  arise  from  a  separation  of  the  two  simple 
salts,  but  merely  from  loss  of  water  of  crystallization.  A  solution  of  chrome-alum, 
which  has  become  green  and  un crystallizable  by  heating,  docs  not  deposit  any 
sulphate  of  potash  even  when  concentrated ;  neither  does  that  salt  separate  when 
the  cr}'stals  are  melted  in  a  sealed  tube ;  but  the  green  liquid  obtained  by  either 
of  these  processes  yields,  when  heated  to  77°  and  8(5°  in  a  dry  atmosphere,  a  dark 
green  mass  containing  CrjOj.oSOs+KO.SOj,  with  scarcely  0  eq.  water  (Loewel). 
The  violet  crystals  containing  24  Aq.,  when  left  for  several  days  in  dry  air  at  a 
temperature  between  77°  and  80°,  give  off  12  Aq.,  and  assume  a  lilac  colour.  At 
212°,  another  quantity  of  water  goes  off,  and  the  crystals  become  green ;  and,  by 
gradually  raising  the  temperature  to  about  600°,  the  whole  of  the  water  may  be 
expelled  without  caasing  the  salt  to  melt.  The  anhydrous  crystals  are  green,  and 
diBSolve  without  residue  in  boiling  water,  but  at  a  temperature  somewhat  above  660°, 
they  suddenly  become  greenish-yellow,  without  perceptible  loss  of  weight,  and  are 
afterwards  perfectly  insoluble  in  water. 

Oxalate  of  chromium  and  potash,  3(KO.C203)  +  CrASCiO,  +  OHO.— This 
is  another  beautiful  double  salt  of  chromium.  It  is  easily  prepared  by  the  follow- 
ing process  of  Dr.  Gregory :  —  One  part  of  bichromate  of  potash,  two  parts  of 
binoxalate  of  potash,  and  two  parts  of  crystallized  oxalic  acid  are  dissolved  to- 
gether in  hot  water.  A  copious  evolution  of  carbonic  acid  gas  takes  place,  arising 
from  the  deoxidation  of  the  chromic  acid,  at  the  expense  of  a  portion  of  the  oxalio 
acid ;  and  nothing  fixed  remains,  except  the  salt  in  question,  of  which  a  pretty 
eoncentrated  solution  crystallizes  upon  cooling  in  prismatic  crystals,  which  are 
black  by  reflected  light,  but  of  a  splendid  blue  by  transmitted  light,  when  suf- 
ficiently thin  to  be  translucent.  The  oxide  of  chromium  is  not  completely  pre- 
cipitated from  this  salt  by  an  alkaline  carbonate )  and  it  is  remarkable  that  only  a 
Binall  portion  of  the  oxalio  acid  is  thrown  down  from  it  by  chloride  of  calcium. 
When  fully  dried  and  then  carcfxflly  ignited,  this  salt  is  completely  decomposed, 

*  RegDEult,  Cours  de  Chlmie.  f  Ann.  Ch.  Phys.  [8],  xliv.  818. 


510  CHROMIUM,  , 

aii'l  lonvcs  a  mixture  of  cliromate  and  carbonate  of  potash.  The  corrospondins; 
double  oxalate  of  chromium  and  soda  contains  9 HO,  accordinj;  to  Mit^chernch. 
In  the  analogous  oxalate  of  ferric  oxide  and  soda,  the  proportion  of  waier  appcured 
to  tlie  author  to  be  lOHO. 

The  iiiiiioral  chrome-iron.,  FeO.CrjOs,  crystallizes  in  octohedron?.  and  eof- 
responds  with  the  magnetic  oxide  of  iron,  haying  the  sesquiuxidc  of  in>n  rrpiac'^ 
by  scsipiioxide  of  chromium.  Its  density  is  4*5 ;  it  is  about  as  soft  as  f<.Upi:, 
and  infusible.  "NVhen  exposed  to  long-continued  calcination,  in  contact  with 
carbonate  of  potash,  in  a  revorberatory  furnace,  the  oxide  of  chromiuni  uf  tlu« 
compound  absjorbs  oxygen,  and  combines  as  chromic  acid  with  the  potash,  wKil* 
the  protoxide  of  iron  becomes  scsquioxide.  The  addition  of  nitre  incr^asi-j  the 
rapidity  of  oxidation,  but  is  not  absolutely  required  in  the  pr(»ee.*s.  A  jill^w 
alkaline  solution  of  carbonate  and  chromate  of  potash  is  ubtaiued  by  lixiviitins; 
the  calcined  matter,  which  is  generally  converted  into  the  rod  chromate  or  bi«:hp>- 
mate  of  potash,  by  the  addition  of  the  proper  quantity  uf  sulphuric  aiih  the 
latter  salt  being  more  easily  jjurilied  by  crystallization  than  the  n^'utral  ehroicnte. 

Chromic  acitf,  CrOj,  521 9  or  051*8.  —  This  acid  is   not   liberated  from  th* 
chromates  in  a  state  of  purity  by  any  acid  except  the  fluosilicic ;  it  is*  also  easily 
altered.     Fluo.^ilicic  acid  gas  is  conducted  into  a  warm  solution  of  biehromati-  J 
potash,  till  the  potjtsh  is  completely  separated  as  the  insoluble  fluoride  of  !*ilic'.>n 
and  potassium,  which  may  be  ascertained  by  testing  a  few  dmps  of  ih^-  .«oIuti'a 
with  tartaric  acid  or  cliloride  of  platinum.     The  solution  is  evaporated  to  ilnctss 
by  a  steam  heat,  and  the  chromic  acid  redissolved  by  water;  it  gives  an  ojiaqne, 
dull  red  solution.     Chromic  acid  may  also  be  obtained  anhydrous  and  in  aeicnlar 
crystals,  by  distilling,  in  a  platinum  retort,  a  mixture  of  4  parts  of  chn'ir.atc  of 
lead,  3  jiarts  of  finely  pulverized  fluor  spar,  and  7  parts  of  Nordhausen  sni|«l:iric 
acid;  sulphate  of  lime  is  formed,  together  with  perfluoride  of  chromium,  the 
vapour  of  which  is  received  in  a  large  platinum  crucible,  covered  with  wet  piper 
and  used  as  a  condenser.     The  perfluoride  is  decomposed  by  the  at|ueotL<  vapjcr 
from  the  paper,  being  resolved  into  hydrofluoric  acid  and  beautiful   oran^ro-rcd 
acienlar  crystals  of  chromic  acid,  which  fill  the  cnicible.     A  third   and  eisier 
method  of  preparing  chromic  acid  is  to  mix  a  solution  of  bichromate  of  puta^h, 
saturated  between  122°  and  140°,  with  1^  times  its  volume  of  stroni:  sulphuric 
acid,  adding  the  acid  by  successive  small  portions.     Bisulphatc  of  potash  i?  then 
formed,  which  remains  in  solution,  and  the  li(|uid,  as  it  cools,  dcpjsits  the  chromic 
acid  in  long  red  needles.     These  may  be  drained,  first  in  a  funnel,  afterwards  ^a 
a  brick;  then  dissolved  in  water;  the  solution  treated  with  a  small  quantity  of 
chnunate  of  baryta  to  remove  the  la.st  portion  of  sulphuric  acid  ;  and  the  filtered 
liquid  evaporated  in  vacuo.     Chromic  acid  differs  remarkably  from  sulphuric  acid, 
in  having  hut  little  affinity  for  basic  water,  so  that  it  may  be  obtjiined  anhydrisi 
by  evaporating  its  solution  to  dryness.     Indeed,  the  chromate  of  water  is  cut 
known  to  exist,  even  in  combination,  both  the  bichromate  and  terohr.nnate  of 
potash  being  anhydrous  salts.     The  free  acid   is  a  powerful  oxidizing  agent,  and 
bleaches  organic  colourini^  matters :  chromic  acid  then  loses  half  its  oxvi^'D.  *td 
becomes  oxi«le  of  chroujium.     It  is  also  converted  into  sesquichloride  of  chnjmiao 
by  hj'drocliloric  acid,  with  evolution  of  chlorine : 

2CrO,  -f  GIICl  =  CrgCl,  +  GlIO  +  3C1 ; 

and  into  scsquioxide  by  hydrosulphuric  acid,  with  precipitation  of  sulphur: 

2Cr03  +  3IIS  =  CrA  -f  3H0  +  3S. 

Sulphurous  acid  passed  through  a  solution  of  chromic  acid,  or  its  salt*,  throw 
down  a  brown  precipitate,  consisting  of  monqchromate  of  chri>mic  oxiJf.  * 
bioxide  of  chromium;  Cri03-^'r03  =  8Cr02.  The  other  intenuediate  osidtf, cr 
chromates  of  chromic  oxide  mentioned  on  page  505,  are  formed  by  other  ifflpc^ 
feet  reductions  of  chromic  acid;  or  by  the  imperfect  oxidation  of  chiumio  nvAt- 
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They  are  all  brown  snbstanees,  solable  in  potash  and  in  nitric  acid.  One  of  them, 
the  oichromate,  diasolvcs  also  without  decomposition  in  hydrochloric  and  sulphuric 
acid ;  the  others  are  reduced  by  hydrochloric  acid  to  sesquichloride,  with  evolution 
of  chlorine,  and  resolved  by  sulphuric  acid  into  chromic  acid  and  sulphate  of 
chromic  oxide.* 

Chromic  acid  forms  bibasici  monobasic,  biacid,  and  a  few  tri-acid  salts.  The 
monochromates  of  the  alkalies  arc  yellow,  the  bichromates  red ;  the  chromates  of 
the  metals  proper  are  bright  yellow,  red,  or  occasionally  of  some  other  colour. 
All  chromates  heated  with  oil  of  vitriol  give  off  oxygen,  and  form  sulphate  of 
chromic  oxide,  together  with  another  sulphate.  When  heated  with  hydrochloric 
scid,  they  give  off  chlorine  and  form  sesquichloride  of  chromium,  together  with 
another  metallic  chloride.  Heated  in  the  anhydrous  state  with  common  salt  and 
Bulphuric  acid,  they  give  off  red  vapours  .of  chlorochromic  acid,  which  condense 
to  a  brownish  red  liquid.  Similarly,  when  heated  with  fluor  spar  and  sulphuric 
aexd,  they  give  off  red  vapours  of  terfluoride  of  chromium.  A  few  onlv  of  the 
chromates,  more  particularly  those  of  the  alkalies,  are  soluble  in  watcY,  but  they 
all  dissolve  in  nitric  acid.  Solutions  of  the  alkaline  chromates  form  a  pale  yellow 
precipitate  with  baryta  salts ;  bright  yellow  with  lead-salts ;  brick  red  with  mer- 
oarous  salts ;  and  crimson  with  silver  salts. 

Chromate  of  poia^hy  Yellaw  chromate  of  potashj  KO.CrOj;  97-8  or  1222*5.-^ 
This  salt  is  produced  in  the  treatment  of  the  chrome  ore,  but  is  seldom  crystal- 
lised. It  may  be  formed  from  the  bichromate,  by  fusing  that  salt  with  an  equi- 
Tftlent  quantity  of  carbonate  of  potash ;  or  by  adding  caustic  potash  to  a  red  solu- 
tion of  the  bichromate,  till  its  colour  becomes  a  pure  golden  yellow.  The  solution 
of  cbromate  of  potash  has  a  great  tendency  to  effloresce  upon  the  sides  of  th^. 
basin  when  evaporated.  Its  crystals  are  of  a  yellow  colour,  anhydrous,  and  iso- 
morphous  with  sulphate  of  potash.  One  hundred  parts  of  water  at  10°  dissolve 
48 i  parts  of  this  salt;  the  solution  preserves  its  yellow  colour,  even  when  diluted 
to  a  great  degree. 

Bichromate  of  potash.  Red  chromate  of  potash,  K0.2CrOs;  148*6  or  1857*5.— 
This  beautiful  salt,  of  which  a  large  quantity  is  consumed  in  the  arts,  crystallizes 
in  prisms  or  in  large  four-sided  tables,  of  a  fine  orange-red  colour.  It  fuses  below 
a  led  heat,  and  forms  on  cooling  a  crystalline  mass,  the  crystals  of  which  have^ 
according  to  Mitscherlich,  the  same  form  as  those  obtained  from  an  aqueous  solu- 
tion ;  but  this  mass  fulls  to  powder  as  it  cools,  from  the  unequal  contraction  of  the 
3 ratals  in  different  directions.  At  60°,  water  dissolves  ^^  of  its  weight  of  this 
t,  and  at  the  boiling  point  a  considerably  greater  quantity. 

Bichromate  of  chloride  of  potassium,  FiUyofs  salt,  KC1.2CrOj. — This  salt, 
which  we  are  obliged  to  designate  as  if  it  contained  chloride  of  potassium  com- 
bined as  a  base  with  chromic  acid,  is  formed  by  dissolving  together,  with  the  aid 
of  heat,  about  three  parts  of  bichromate  of  potash  and  four  of  concentrated  hydro- 
chloric acid,  with  a  small  quantity  of  water,  avoiding  the  evolution  of  chlorine.  It 
crystallizes  in  flat  red  quadrangular  prisms,  and  is  decomposed  by  solution  in  pure 
water. 

Terchromate  of  potash,  KO.SCrOs,  is  obtained  crystallized  when  a  solution  of 
the  bichromate  is  mixed  with  nitric  acid,  and  evaporated.  Bichromates  of  soda 
and  silver  exist  which  are  anhydrous,  like  the  bichromate  of  potash  (Warington). 

Chromate  of  soda,  NaO.CrOj  -f  lOHO. — By  the  evaporation  of  a  concentrated 
solution  of  this  salt,  it  is  obtained  in  large  fine  crystals,  having  the  form  of  glauber 
salt.  The  bichromate  crystallizes  in  thin,  hyacinth-red^  six-sided  prisms^  bevelled 
at  the  ends. 

Chromate  of  ammonia,  NH^O.CrOa  is  prepared  by  evaporating  a  mixture  of 
chromic  acid  with  a  slight  excess  of  ammonia.     It  crystallizes  in  lemon-yellow 

^  For  a  tnSk  aeooant  of  these  brown  oxides,  see  the  translation  of  Qmelin's  Handbook,  iv. 
118. 
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needles,  very  soluble  in  water,  aud  having  an  alkaline  reaction  and  pungent  nline 
taste.  "When  heated,  they  give  ufF  ammonia,  water,  and  oz3'gen,  and  leave  !-»^^ui- 
ozide  of  chromium.  The  bichromate,  NH40.2CrOj,  forms  orange-jclluw  or  TfJdi&h 
browu  rhombic  tables,  which  at  a  heat  below  redness  are  decomposed,  with  emis- 
sion of  liirlit  and  feeble  detonation,  leaving  the  sesquioxidc.  It  combines  with 
chloride  of  mercury,  fonning  crystalline  compounds,  containing  NH^O.2Ct1VH.:01 
+  110,  and  3(NH40.2CrO,).HgCl  (Richmond  and  Abel).*  lUmmebber^'  ha* 
obtained  an  acid  salt  composed  of  Nll^O.CCrOj  +  lOIIO. 

Chromate  of  baryta,  BaO.CrOj  is  a  lemon-ycUow  powder  obtained  by  precipi- 
tating a  baryta-salt  with  an  alkaline  chromate.  It  is  insoluble  in  water,  but  dis- 
Bolvcs  easily  in  nitric,  hydrochloric,  or  chromic  acid.  When  a  baryta-nlt  is  pre- 
cipitated with  neutral  chromate  of  potash,  and  sulphuric  acid  added,  the  precipi- 
tate dissolves  with  partial  decomposition,  and  on  diluting  with  water,  mixiag  liie 
filtered  solution  with  chromic  acid,  and  evaporating  in  vacuo,  neutral  chroiuate  of 
baryta  first  separates,  then  crystals  of  a  bichromate,  Ba0.2CrO,  +  2110,  and  after- 
wards a  double  salt  containing  2rBaO.aCrO3.IIO)  +  (KO.3CrO3.IIO).     (Bahr.^t 

Nt'Utral  chromate  of  Umc,  CaO.CrOs,  is  obtained  by  treating  carbonate  of  lime 
with  aqueous  chromic  acid ;  and  by  treating  the  neutral  salt  with  exco&s  of  chp> 
mic  acid  and  evaporating,  a  bichromate,  Cr0.2Cr03  +  2110,  is  obtained.  Chlo- 
ride of  calcium  mixed  with  monochromatc  of  potash,  yields  a  double  salt  coduid- 
ing  6(CaO.Cr03)  -f  KO.CrOj.     (13ahr.) 

Chromate  of  magnesia  forms,  according  to  the  author's  observation!*,  yelW 
crystals  which  are  very  soluble,  and  contain  5II0.  It  does  not  form  a  double  sah 
with  chromate  of  pot'ish,  as  sulphate  of  magnesia  docs  with  sulpliatc  of  potash. 
It  is  remarked  that  the  insoluble  metallic  chromates  generally  carry  down  por- 
tions of  the  neutral  precipitating  salts,  or  of  subsalts,  and  their  analysis  is  ofteo 
unsatisfactory  from  that  cause.  When  the  magncsian  chromates  arc  compared 
with  the  sulphates  of  the  same  family,  the  former  are  found  to  have  their  water 
readily  replaced  by  metallic  oxides,  but  not  by  salts ;  so  that  subchromatcs  with 
excess  of  oxide  are  numerous,  while  few  or  no  double  chromates  exist. 

Chromate  of  had,  PbO.CrO,;  1G2-4  or  2030.— This  compound,  so  well  knowt 
as  chrome-j/elhw,  is  obtained  by  mixing  nitrate  or  acetate  of  lead  with  cbnmiatc  or 
bichromate  of  potash.  The  precipitate  is  of  a  lighter  shade  from  dilute  than  frjm 
concentrated  solutions.  It  is  entirely  soluble  in  potash  or  soda^  but  not  in  dilute 
acids. 

Subchromate  of  lead,  2PbO.Cr03,  is  of  a  red  colour.  It  is  formed  when  a  solu- 
tion of  neutral  chromate  of  potash,  mixed  with  as  much  free  alkali  as  it  already 
contains,  is  added  to  a  solution  of  nitrate  of  lead.  But  the  finest  venuilioD-red 
subchromate  is  formed  when  one  part  of  the  neutral  chromate  of  lead  is  throws 
into  five  parts  of  nitre  in  a  state  of  fusion  by  heat.  Water  dissolves  the  chroniU 
and  nitnite  of  potash  in  the  fused  mass,  and  leaves  the  subchromate  of  lead  if  a 
crystalline  powder,  (Liebig  and  Wohler).  An  orange  pigment  may  be  obtained 
very  econoinically,  by  boiling  the  sulphate  of  lead,  which  is  a  waste  piodact  ia 
making  acetate  of  alumina  from  alum  by  means  of  acetate  of  lead,  witli  a  solntioD 
of  chromate  of  potash.  The  subchromate  of  lead  forms  a  beautiful  orange  npca 
cloth,  which  is  even  more  stable  than  the  yellow  chromate,  not  being  acted  npoi  { 
by  either  alkalies  or  acids.  One  method  of  dyeing  chrome-orange,  is  to  fix  the  * 
Yellow  chromate  of  lead  first  in  the  calico,  by  dipping  it  successively  in  acetate  of 
lead  and  bichromate  of  potash,  and  then  washing  it.  This  should  be  repeated,  ii 
order  to  precipitate  a  considerable  quantity  of  the  chromate  in  the  calico.  A  milk 
of  lime  is  then  heated  in  an  open  pan ;  and  when  it  is  at  the  point  of  eboUitioo, 
the  yellow  calico  is  immersed  in  it,  and  instantly  becomes  orange,  being  deprireJ 
of  a  portion  of  its  chromic  acid  by  the  lime,  which  forms  a  soluble  chrooiatc  isf 

*  Chem.  Soc.  Qil  J.  ill.  189.  f  J.  pr.  Chem.  U.  M. 
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lime.  At  a  lower  temperature,  lime-water  dbsolycs  the  chruniate  of  lead  entiroly, 
and  leaves  the  cloth  white. 

Chromate  of  silver  falls  as  a  reddish  brown  precipitate  when  nitrate  of  silver  is 
added  to  neutral  chromate  of  potash.  Dissolved  in  hot  and  concentrated  solution 
of  ammonia,  it  yields,  on  cooling,  large  well  formed  crystals,  A^.CrO,  -f  2NIIa, 
iaomorphous  with  the  analc^us  ammoniacal  sulphate  and  selcniate  of  silver. 

Chlorochromic  acid,  CrOaCl,  or  2Cr03.CrCl3. — This  is  a  volatile  liquid,  obtained 
by  distilling,  in  a  glass  retort,  at  a  gentle  heat,  8  parts  of  bichromate  of  potash 
and  3^  parts  of  common  salt,  previously  reduced  to  powder  and  mixed  together, 
with  5  parts  by  water-measure  of  oil  of  vitriol,  discontinuing  the  distillation  when 
the  vapours,  from  being  of  a  deep  orange-red,  become  pale  —  that  change  arising 
from  watery  vapour.  The  compound  is  a  heavy  red  liquid,  decomposed  by  water. 
The  density  of  its  vapour  is  5-9. 

Terfluoride  of  chromium^  CrF„  is  obtained  in  the  manner  already  mentioned 
under  the  preparation  of  chromic  acid.  It  is  a  blood-red  liquid.  No  correspond- 
ing terehloride  of  chromium  has  been  obtained  in  an  isolated  state. 

Perchromic  acidf  CrgO?. — When  peroxide  of  hydrogen  dissolved  in  water  is 
mixed  with  a  solution  of  chromic  acid,  the  liquid  assumes  a  deep  indigo-blue 
colour,  but  often  loses  this  colour  very  rapidly,  giving  off  oxygen  at  the  same  time. 
The  same  blue  colour  is  formed  by  adding  a  mixture  of  aqueous  peroxide  of 
hydrogen  and  sulphuric  or  hydrochloric  acid  to  bichromate  of  potash ;  but,  in  a 
veiy  short  time,  oxygen  is  evolved,  and  a  potash-salt,  together  with  a  chromic  salt, 
left  in  solution.  For  each  atom  of  KO .  2Cr03,  four  atoms  of  oxygen  are  evolved, 
provided  an  excess  of  HO^  be  present : 

KO .  2Cr03 -f  0 -f  480,  =  KO .  SO, -f  Cr A .  3SO3 -f  40. 

The  peroxide  of  hydrogen  first  gives  up  1  at.  O  to  the  2  at.  of  CrOa,  and  forms 
CrjOf',  and  this  compound  is  subsequently  resolved  into  CrgOg  and  40.  With 
ether,  pcrchromic  acid  forms  a  more  stable  blue  mixture  than  with  water,  and  in 
this  state  may  be  made  to  unite  with  ammonia  and  with  certain  organic  bases, 
forming  very  stable  compounds,  from  which  stronger  acids  separate  the  blue  acid. 


XSTIMATION   OP    CHROMIUM,   AND    METHODS   OP    SEPARATINQ   IT   FROM   THE 

PRECEDINQ   METALS. 

Chromium  is  usually  estimated  in  the  state  of  scsquioxide.  When  it  exists  in 
eolation  in  that  state,  it  may  be  precipitated  by  ammonia,  care  being  taken  to  avoid 
a  large  excess  of  that  reagent  (which  would  dissolve  a  portion),  and  to  heat  the 
liquid  for  some  time.  The  chromic  oxide  is  then  completely  precipitated,  and  the 
precipitate,  after  washing  and  drying,  is  reduced  by  ignition  to  the  state  6f  anhy- 
drous scsquioxide,  containing  70*1  per  cent,  of  the  metal. 

When  chromium  exists  in  solution  in  the  state  of  chromic  acid,  it  is  best  to 
precipitate  it  by  a  solution  of  niercurous  nitrate;  the  mercurous  chromate 
thereby  thrown  down  yields  by  ignition  the  anhydrous  sesquioxide.  The  cbromio 
acid  might  also  be  precipitated  and  estimated  in  the  form  of  a  baryta  or  lead  salt. 

Chromic  acid  may  also  be  estimated  by  means  of  oxalic  acid,  which  reduces  it 
to  sesquioxide,  being  itself  converted  into  carbonic  acid.  The  quantity  of  carbonio 
acid  evolved  determines  the  quantity  of  chromic  acid  present,  3  eq.  CO2  corre- 
sponding to  1  eq.  CrOj,  as  shown  by  the  equation  : 

2CrO,  +  3C2O3  =  CrjOs  +  6C0a. 

The  mode  of  proceeding  is  the  same  as  that  adopted  for  the  valuation  of  black 
oxide  of  manganese  (p.  438).     If  the  object  be  merely  to  determine  the  quantity 
of  cbromium  present^  any  salt  of  oxalic  acid  may  be  used ;  but  if  the  alkalies  are 
88 
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also  to  be  estimated  in  tbc  remaining  liquid,  the  ammonia  or  barjta  salt  most  %• 
used. 

Chromic  oxide,  in  the  state  of  neutral  or  acid  solution,  is  easily  separated  from 
the  alkalies  or  alkaline  earths,  by  precipitation  with  ammonia,  care  being  tikea 
in  the  latter  case  to  protect  the  liquid  and  precipitate  from  the  air.  The  same 
method,  with  addition  of  sal-ammoniac,  senses  to  separate  chromic  oxide  from 
magnesia.  The  separation  from  the  alkaline  earths  and  from  maiznesia  maj  al<o 
be  effected  by  precipitating  the  whole  with  an  alkaline  carbonate,  and  iirnitin::  the 
precipitate  with  a  mixture  of  carbonate  of  soda  and  nitre.  The  chromium  In  then 
converted  into  chromatc  of  soda,  which  may  be  dissolved  out,  and  the  sii)]utik>o, 
after  neutralization  with  nitric  or  acetic  acid,  treated  with  mcrcurous  nitrate  as 
above. 

From  alumina  and  ghtcina,  chromic  oxide  may  be  separated  by  treating  the 
solution  with  excess  of  potash,  and  boiling  the  liquid  to  precipitate  the  chromk 
oxide.  The  separation  is,  however,  more  completely  effected  by  fusing  with  nitre 
and  carbonate  of  soda,  treating  the  fused  mass  with  water,  adding  an  excess  of 
nitric  acid  to  dissolve  anything  that  may  be  insoluble  in  water,  and  precipitating 
the  alumina  or  glucina  by  ammonia. 

Another  method  of  converting  chromic  oxide  into  chromic  acid,  and  thereby 
effecting  its  separation  from  the  abovementioned  oxides,  is  to  treat  the  mixture 
with  excess  of  potash,  and  heat  the  solution  gently  with  bioxidc  of  lead.  The 
whole  of  the  chromium  is  then  converted  into  chromic  acid,  and  remains  di>5olrvd 
as  chromate  of  lead  in  the  alkaline  liquid ;  and  on  filtering  from  the  excess  of 
bioxide  of  lead,  and  any  other  insoluble  matter  that  may  be  present,  and  saper- 
saturating  the  filtrate  with  acetic  acid,  the  chromate  of  lead  is  precipitstcd 
'  (Chancel)  * 

Chromic  acid  may  be  separated  from  the  alkalies  in  neutral  solutions  by  pre- 
cipitation with  mercurous  nitrate;  also  by  reducing  it  to  chromic  oxide  with 
hydrochloric  acid  and  alcohol,  and  precipitating  by  ammonia.  From  the  earths  it 
may  al:^o  be  separated  by  this  latter  method,  or,  again,  by  fusing  with  carbonate  of 
soda,  dissolving  out  with  water,  &c. 

From  vinngancsey  iron  (in  the  state  of  protoxide),  cobalt^  nickriy  and  nV, 
chromium  in  the  state  of  sesquioxide  maybe  separated  by  agitation  with  carbomtt 
of  baryta,  which  precipitates  the  chromic  oxide,  leaving  the  protoxides  in  solutios. 
The  precipitate  is  then  treated  with  dilute  sulphuric  acid,  which  dissi^lves  tb« 
chromic  oxide  and  leaves  the  baryta,  and  the  filtrate  treated  with  ammonia  to  pre- 
cipitate the  chromic  oxide.  Chromium  may  also  be  separated  from  all  tbcM 
metals,  except  manganese,  by  fusion  with  nitre  and  carbonate  of  soda,  or  with  tbc 
carbonate  alone  if  it  is  already  in  the  form  of  chromic  acid ;  or  again,  the  fCftOr 
tion  may  be  effected  by  means  of  potash  and  bioxide  of  lead,  according  to  Chaocd*! 
method  above  described. 

From  cadmium^  cnjipcr,  lead,  and  tin,  chromium  is  easily  separated  by  hydi*' 
sulphuric  acid. 

When  sesquioxide  of  chromium  and  chromic  acid  occur  together  in  a  solatioa, 
the  chromic  acid  may  be  precipitated  by  mercurous  nitrate,  the  solution  beng 
first  completely  neutralized,  and  the  sesquioxide  precipitated  from  the  filtrate  ^ 
ammonia,  which  at  the  same  time  throws  down  a  mercury-compound,  to  be  after 
wards  separated  from  the  chromic  acid  by  ignition. 

*  Compt,  rend.  xUii.,  927. 
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VANADIUM. 

^ry.  68-65  or  856-9;  V. 

Vanadium,  so  named  from  YanaJiSj  a  Scandinavian  deity,  was  discovered  by 
Scfstrocin  in  1830,  in  the  iron  prepared  from  the  iron  ore  of  Tabei^,  in  Sweden, 
and  procured  afterwards  in  larger  quantity  from  the  slap;  of  that  ore.  It  was 
found  afterwards  by  Mr.  Johnston,  in  a  new  mineral  discovered  by  him,  the  vana- 
diate  of  lead,  from  Wanlockhoad.  It  is  one  of  the  rarest  of  the  elements.  The 
metal  itself  has  considerable  resemblance  in  properties  to  chromium.  It  combines 
with  oxygen  in  three  proportions,  forming  the  protoxide  of  vanadium,  VO,  bioxide, 
VOg,  and  vanadic  acid,  VO3. 

Protoxide  0/ vanadium,  VO,  76*55  or  95*69,  is  produced  by  the  action  of 
charcoal  or  hydrogen  upon  vanadic  acid.  It  is  a  black  powder  of  semi-metallio 
Iu.stre,  and  when  made  coherent  by  pressure,  conducts  electricity  like  a  metal. 
It  docs  not  combine  with  acids,  and  exhibits  none  of  the  characters  of  an  alkaline 
base.  It  is  readily  &idized  when  heated  in  the  open  air,  and  passes  into  the 
following  compound. 

Bioxide  0/ vanadium  J  Vanadic  oxide,  VOa,  84*55  or  1056*9,  is  produced  by 
the  action  of  hydrosulphuric  acid  and  other  deoxidating  substances  upon  vanadio 
acid.  When  pure,  it  is  a  black  pulverulent  substance,  quite  free  from  any  acid 
or  alkaline  reaction.  It  dissolves  in  acids,  and  forms  salts,  most  of  which  are  of  a 
blue  colour.  Vanadic  salts  form,  with  the  ht/drates  and  monocarhonates  of  the 
^xcd  alkalies,  a  greyish-white  precipitate  of  hydrated  vanadic  oxide,  which  dis- 
solves io  a  moderate  excess  of  the  reagent,  but  is  precipitated  by  a  large  excess  in 
the  form  of  a  vanadite  of  the  alkali.  Ammonia  in  excess  produces  a  brown  pre- 
cipitate, soluble  in  pure  water,  but  insoluble  in  water  containing  ammonia.  Fer- 
ror^anide  0/ potassium  forms  a  yellow  precipitate,  which  turns  green  on  exposure 
to  the  air.  Ilj/drosuljjhuric  acid  produces  no  precipitate.  Sulphide  ofammo^ 
nium  fonus  a  black-brown  precipitate,  soluble  in  excess.  Tincture  of  galls  forms 
a  finely-divided  black  precipitate,  which  gives  to  the  liquid  the  appearance  of  ink. 

Bioxide  of  vanadium  is  also  capable  of  acting  as  an  acid,  and  forms  compounds 
with  alkaline  bases,  some  of  which  are  cr}'staHizable.  It  is  hence  called  vanadous 
acid,  and  its  salts  vanadites.  These  salts  in  the  dry  state  are  brown  or  black ; 
they  are  all  insoluble  in  water,  excepting  those  of  the  alkalies.  The  solutions  of 
the  alkaline  vanadites  are  brown,  but  when  treated  with  hydrosulphuric  acid,  they 
acquire  a  splendid  red-purple  colour,  arising  from  the  formation  of  a  sulphur-salt. 
Acids  colour  them  blue,  by  forming  a  double  salt  of  vanadic  oxide  and  the  alkali. 
Tincture  of  galls  colour  them  blackish-bluc.  The  insoluble  vanadites,  when 
moistened  or  covered  with  water,  become  green,  and  are  converted  into  salts  of 
vanadic  acid. 

Vanadic  arid,  VO,;  92*55  or  1156-9.  —  It  is  in  this  state  that  vanadium 
occurs  in  the  slag  of  the  iron-ore  of  Tuberg,  and  in  the  vanadiate  of  lead.  It  is 
obtained  by  dissolving  the  latter  mineral  in  nitric  acid,  and  precipitating  the  lead 
and  arsenic,  with  which  the  vanadium  is  accompanied,  by  hydrosulphuric  acid. 
A  blue  solution  of  bioxide  of  vanadium  remains,  which  becomes  vanadic  acid  when 
evaporated  to  dryness.  Vanadic  acid  fuses,  but  retains  its  oxygen  at  a  strong  red 
beat.  It  is  very  sparingly  soluble,  water  taking  up  only  l*100th  of  its  weight  of 
this  compound,  thereby  acquiring  a  yellow  colour  and  an  acid  reaction.  It  acts 
the  part  of  a  base  to  stronger  acids.  An  interesting  double  phosphate  of  silica 
and  vanadic  acid  was  observed  in  cr)'stallinc  scales,  of  whicb  the  formula  ia 
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liSiOj.POj  +  2VOS.PO5  +  6II0.     Vanadic  acid  forms,  with  bases,  nentnl  and 
acid  salts,  the  first  of  which  admit  of  an  isomeric   modificadoQi  beinf;  b:pth 
white   and  yellow,   while   the  acid  salts  are  of   a  fine  ozunge-red.     Vanadic 
and  chromic  acids  are  the  only  acids  of  which  the  solution  is  red,  while  they  are 
distinguished  from  each  other  by  the  vanadic  acid  becoming  blue,  and  the  chivniie 
acid  green,  when  they  are  deoxidized.     All   the  vanadiatcs  are,  more  or  Icas, 
soluble  in  water  3  some  of  them,  however,  as  the  baryta  and  lead  salts,  arc  very 
sparingly  soluble.     The  vanadiatcs  of  the  alkalies  are  sparingly  soluble  in  culd 
water,  especially  if  it  contains  a  free  alkali  or  another  alkaline  salt ;  «.<;.,  vauadiate 
of  ammonia  is  nearly  insoluble  in  water  containing  sal-ammoniac;  hence  on  treat- 
ing a  solution  of*vanadiate  of  potash  with  excess  of  sal-ammoniac,  a  precipitate  of 
vanadiate  of  ammonia  is  produced.     The  aqueous  solutions  of  the  vanadiatcs  are 
coloured  red  by  the  stronger  acids,  but  the  mixture  often  becomes  colourU>^s  again 
after  a  while.     They  give  orange-red  precipitates  with  tho  salts  of  teroxi'c/c  1/ 
antimony,  protoxide  of  lead,  protoxide   of  copper,  and  protoxide  of  m^rrurjf. 
JIi/dro8ti/phuric  acid  produces  in  neutral  solutions  of  the  vanadiatcs  a  luiijcd 
precipitate  of  sulphur  and  hydra  ted  vanadic  oxide ;  in  acid  solutions,  it  merely 
throws  down  sulphur  and  reduces  the  vanadic  acid  to  vanadic  oxide.     Sulphide 
of  ammonium  imparts  to  solutions  of  the  vanadiatcs  a  brown*rcd  colour,  and,  oa 
adding  an  acid  to  the  solution,  a  light  brown  precipitate  is  formed,  considtiug  of 
vanadic  sulphide  mixed  with  sulphur;   the  liquid  at  the  same  time  generally 
acquires  a  blue  colour.  • 

All  compounds  of  vanadium  heated  with  horax  or  phosphoru*  salt  in  the  outer 
blowpipe  flame,  produce  a  clear  bead,  which  is  colourless  if  the  quantity  of 
vanadium  be  small,  yellow  if  it  be  large ;  in  the  inner  flame,  the  bead  acquires  a 
beautiful  green  colour. 

Sulphides  and  chlorides  of  vanadium,  corresponding  with  the  bioxide  a&d 
vanadic  acid,  have  likewise  been  formed.* 

ESTIMATION    OF    VANADIUM,    AND     METHODS    OF    SEPARATING    IT    FROM    THl 

FRECEDINQ   METALS. 

Vanadium,  in  the  state  of  vanadic  oxide  or  vanadic  acid,  is  estimated  by  re- 
ducing it  to  the  state  of  protoxide  by  ignition  in  a  stream  of  hydrogen ;  100  pans 
of  the  protoxide  contain  90*54  of  the  metal. 

In  solutions  of  vanadous  salts,  the  vanadium  is  precipitated  by  mixing  tba 
solution  with  excess  of  mercuric  chloride  (corrosive  sublimate),  and  then  with 
ammonia.  The  precipitate,  consbting  of  mercuric  vanadiate,  and  amido-chloride 
of  mercury,  is  ignited,  whereupon  vanadic  acid  remains  mixed  only  with  a  soull 
quantity  of  mercuric  oxide,  from  which  it  is  separated  by  solution  in  carbonate  of 
ammonia. 

When  vanadic  acid  is  dissolved  in  a  liquid,  it  may  be  obtained  by  cvaponting 
the  liquid,  and  if  volatile  acids  or  ammonia  arc  also  present,  by  igniting  the  rcsidvL 

Vanadic  acid  may  be  separated  from  many  acids  and  other  substances,  bj 
causing  it  to  unite  with  ammonia,  expelling  tho  excess  of  ammonia  by  cvapoiatioii 
and  then  adding  a  saturated  solution  of  sal-ammoniac,  in  which  vanadiate  flf 
ammonia  is  insoluble.  The  precipitate  is  then  washed  on  a  filter,  first  with  nh- 
lution  of  sal-ammoniac,  then  with  alcohol,  and  the  ammonia  driven  of  by  ignitioi. 
This  method  serves  to  separate  vanadic  acid  from  the  fixed  alkalies. 

Vanadium  may  be  separated  from  many  of  the  preceding  metals  by  the  solabtlilj 
of  its  sulphide  in  sulphide  of  ammonium ;  and  from  others,  which  arc  precipitaiei 
from  their  acid  solutions  by  hydrosulphuric  acid,  by  aciduhiting  the  liquid,  ni 
passing  hydrosulphuric  acid  gas  through  it ;  the  vanadium  then  remains  diMolnd 
in  the. form  of  vanadic  oxide. 

*  BerzeUus,  Ann.  Ch.  Phys.  [2.]  zlriL  837. 
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From  lead^  baryta,  and  itrontiay  vanadio  acid  may  be  separated  bj  fusion  with 
hiBulphate  of  potash ;  on  treating  the  fused  mass  with  water,  sulphate  of  lead, 
baryta^  or  strontia  remains,  while  vanadiate  of  potash  is  dissolved.  Sulphuric  acid 
cannot  be  used  to  effect  this  separation,  because  the  precipitated  sulphate  always 
carries  down  with  it  a  portion  of  the  vanadium. 


SECTION   V. 

TUNGSTEMT. 

Syn.  WOLFRAM.     Eq.  94*64,  or  1183;  W. 

This  element  exists  in  the  form  of  tungstic  acid  in  several  minerals,  the  most 
important  of  which  are  the  native  tungntate  of  limey  CaO.WO,,  and  wolfram^  or 
the  tungstate  of  manganese  and  iron,  MnO.WOj  -f  8(FeO.W03).  Its  name 
tungsten  means  in  Swedish,  heavt/  stone,  and  is  expressive  of  the  great  density  of 
its  compounds. 

Tungstic  acid  parts  with  oxygen  easily,  and  may  be  reduced  in  a  glass  tube,  by 
4neans  of  dry  hydrogen  gas,  at  a  red  heat.  The  metal  is  thus  obtained  in  tho 
state  of  a  dense,  dark  grey  powder,  which  it  is  necessary  to  expose  to  a  very  vio- 
lent heat  to  fuse  into  globules,  for  tungsten  is  even  less  fusible  than  manganese. 
The  metal,  when  fused,  has  the  colour  and  lustre  of  iron,  and  is  not  altered  in 
air :  it  is  one  of  the  densest  of  the  metals,  its  specific  gravity  being  from  17*22  to 
17'6.  By  passing  the  vapour  of  chloride  or  oxychloride  of  tungsten  mixed  with 
hydrogen,  through  a  red-hot  glass  tube,  the  metal  is  obtained  in  the  form  of  a 
dense  specular  film  of  steel-grey  colour,  and  pp.  gr.  16-64  (Wbhler).  When 
heated  to  redness  in  the  pulverulent  form,  it  takes  fire,  burns,  and  is  converted 
into  tungstic  acid.  Tungsten  forms  two  compounds  with  oxygen,  viz.,  tungstic 
oxide,  WO2,  and  tungstic  acid,  WO3. 

Tuntjific  oxufr,  WOj,  110-64  or  1383.  —  This  oxide  is  obtained  as  a  brown 
powder  when  tungstic  acid  is  reduced  by  hydrogen  at  a  temperature  not  exceeding 
low  redness.  Tungstic  acid  may  also  be  deprived  of  oxygen  in  the  humid  way, 
by  pouring  diluted  hydrochloric  acid  over  it,  and  placing  zinc  in  the  liquor;  the 
tungstic  acid  then  gradually  changes  into  tungstic  oxide,  in  the  form  of  brilliant 
crystalline  plates  of  a  copper-red  colour.  No  saline  compounds  of  this  oxide  with 
acids  are  known.  When  digested  in  a  strong  solution  of  hydrate  of  potash,  it 
dissolves,  with  disengagement  of  hydrogen  gas  and  formation  of  tungstate  of 
potash. 

A  compound  of  tungstic  oxide  and  soda,  Na0.2W02,  of  a  very  singular  nature, 
was  discovered  by  Wohler.  It  is  obtained  by  adding  to  fused  tungstate  of  soda 
as  much  tungstic  acid  as  it  will  take  up,  and  exposing  the  mass  at  a  red  heat  to 
hydrogen  gas.  After  dissolving  out  the  neutral  undccomposed  tungstate  by  water, 
the  new  compound  remains  in  golden  yellow  scales  and  regular  cubes,  possessing 
the  metallic  lustre  of,  and  a  striking  resemblance  to  gold.  This  compound  is  not 
decomposed  by  aqua  regia,  sulphuric  or  nitric  acid,  or  by  alkaline  solutions,  but 
yields  to  hydrofluoric  acid.  It  cannot  bo  prepared  ^y  uniting  soda  directly  with 
tungstic  oxide. 

Tuuijsik  acid,  WO3;  118  64  or  1483,  is  most  conveniently  obtained  by  decom- 
posing the  native  tungstate  of  lime,  finely  pulverized,  by  hydrochloric  acid ;  chlo- 
ride of  calcium  is  dissolved,  and  tungstic  acid  precipitates.  It  is  also  obtained 
from  wolfram  by  digesting  that  mineral  in  nitro-hydrochloric  acid,  which  dissolves 
the  oxides  of  iron  and  manganese,  and  leaves  the  tungstic  acid  in  the  form  of  a 
jellow  powder  —  or  by  fusing  the  mineral  with  four  times  its  weight  of  nitre; 
treating  the  fused  mass  with  water  to  dissolve  out  the  tungstate  of  potash  thereby 
produced;  adding  chloride  of  calcium  to  the  filtrate  to  throw  down  the  tungstio 
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acid  as  tun^statc  of  lime ;  and  decomposiDci;  the  washed  lime-salt  with  nitric  aciti. 
Dissolved  in  ammonia  and  rcprccipitated  by  acids,  tungstic  acid  always  furm^  a 
compound  with  the  acid  employed.  It  may  be  obtained  in  the  separate  iiate  ly 
heating  the  tungstate  of  ammonia  to  redness.  It  is  an  orange-yellow  p4.iwdfr, 
which  becomes  dull  green  when  strongly  heated.  Its  density  is  6*12.  It  is  qaiic 
insoluble  in  water  and  in  acids,  but  dissolves  in  alkaline  solutions. 

Tungstic  acid  forms  both  neutral  and  acid  salts  with  the  alkalies.  Xcatnl 
tungstate  of  potash ,  KO.WO3,  is  a  very  soluble  salt,  which  may  be  obLiiuiJ  in 
small  crystals  by  evaporating  its  solution.  When  a  little  acid  is  added  to  the 
solution,  an  acid  salt  precipitates,  which  is  very  slightly  soluble  in  water.  TL 
neutral  tungstate  of  soiia  is  also  very  soluble,  but  may  be  obtained  in  gmul  ens- 
tals,  which  contain  a  large  quantity  of  water  of  cr}-stallization.  The  aci<l  tiini'- 
state  of  soda,  NaO.2 WOj,  is  very  crystallizablc,  and  soluble  in  eight  partd  of  wai.  r. 
A  combination  of  tungstic  acid  with  tungstic  oxide,  AV02.AV03,  is  obtaioitl  ssa 
fine  blue  powder  when  tungstate  of  ammonia  is  heated  to  redness  in  a  rttnn,  and 
is  also  produced  under  other  circumstances.  Malaguti  is  disposed  to  consider  tkip 
compound  as  a  distinct  acid  of  tungsten,  Vkjd^.* 

All  the  salts  of  tungstic  acid  have  a  very  high  specific  gravity.  The  alk.innc 
and  earthy  tungstates  are  colourless.  The  only  soluble  tungstatos  are  those  of  tbc 
alkalies  and  magnesia.  Solutions  of  the  alkaline  tungstates  give,  with  hvJn^ 
chloric,  nitric,  sulphuric,  and  phosphoric  acid,  white  precipitates  consisting;;  if 
compounds  of  tungstic  acid  with  the  other  acid.  The  precipitate  furuied  bv  ph<H- 
phoric  acid  dissolves  in  excess  of  that  reagent ;  the  precipitates  furuicii  by  the 
other  three  acids  turn  yellow  on  boiling.  A  solution  of  an  alkaline  tun^tato  su- 
persaturated with  sulphuric,  hydrochloric,  phosphoric,  oxalic  or  acetic  acid,  yields 
on  the  introduction  of  a  piece  of  zinc,  a  beautiful  blue  colour  arising  from  the 
formation  of  blue  oxide  of  tungsten )  this  eficet  is  not  produced  with  nitric,  tar- 
taric, or  citric  acid.  Solutions  of  alkaline  tungstates  form  with  lime-water  asd 
with  salts  of  baryta,  lime,  zinc,  lead,  mercury,  and  silver,  white  precipitates  o^n- 
sisting  of  tungstates  of  those  bases.  A  soluble  tungstate  mixed  with  sulphide  of 
ammonium  and  then  with  an  acid  in  excess,  yields  a  light  brown  precipitate  if 
sulphide  of  tungsten,  soluble  in  sulphide  of  ammonium. 

With  borax  and  phosphorus-salt  in  the  outer  blow-pipe  flame,  tungstic  acid 
forms  a  colourless  bead ;  in  the  inner  flame  it  forms  with  borax,  a  yellow  gl:i»,  if 
the  quantity  of  tungsten  present  be  somewhat  considerable,  but  eolourli'jss  with  1 
smaller  quantity.  With  phasphorus-salt  in  the  inner  flame  it  forms  a  glas.s  of  a 
pure  blue  colour,  unless  iron  is  also  present,  in  which  case  the  colour  is  bK.od-ivd; 
the  addition  of  tin,  however,  renders  it  blue. 

The  above  mentioned  characters  of  tungstic  apid,  though  general,  are  not  io- 
variable.  Tungstic  acid  appears  to  be  susceptible  of  certain  modifications  aDa!>> 
gous  to  those  of  phosphoric  acid,  and  depending  upon  the  proportions  in  which  it 
unites  with  water  and  other  bases.  In  some  of  these  modifications  it  is  morl) 
more  soluble  than  in  others,  and  is  not  precipitated  by  nitric  or  hydrochloric  acid. 

Laurent  distingubhed  five  or  six  classes  of  tungstates,  viz., 

1.  Ordinary  tungstates^  WO3MO,  with  or  without  water  (^M  denoting  a  roclal 
or  hydrogen).  To  this  class  belong  the  neutral  potash,  soda,  and  baryta-^aIt.«.  and 
most  of  the  insoluble  salts  of  tunjrstic  acid.  No  acid  salts  of  this  class  nriw^ar  fo 
exist.  The  solution  of  an  ordinary  tungstate  dropped  iiito  excess  of  dilute  uitnc 
acid  produces  a  gelatinous  precipitate.  The  hydrated  tunpstic  acid  ubtaint-d  by 
the  action  of  aqua  regia  on  wolfram  belongs  to  this  variety,  its  formula  hems 
WOj.IIO.  2.  Paratungstates,  W/),^. 2310,  with  or  without  water.  To  thi«  elm 
belong  the  salts  commonly  called  bitungstates  of  potash,  soda,  ammonia,  barrta, 
&c.  They  all,  excepting  the  soda-Siilt,  dissolve  but  sparingly  in  water.  The  »• 
lutions  give  no  precipitate  on  the  addition  of  very  small  quantities  of  nitric  adi 

♦  Ann.  Ch.  Phjs.  [2],  Ix.  271. 
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or  of  very  weak  hydrochloric  acid.     They  give  precipitates  with  the  ammoniacal 
solutions  of  nitrate  of  magnesia,  zinc,  and  silver,  which  the  ordinary  tun^tatos 
do  not.     3.  MetatungstateSf  WjOg.MO,  with  or  without  water.     The  aninionia-salt 
of  this  variety  is  formed  hy  boiling  a  solution  of  the  paratungstatc  for  several 
hours ;  the  solution  filtered  when  cold  and  then  evaporated  to  a  syrup,  yields  very 
soluble  octr)hcdrons.     The  solution   is  not  precipitated  by  concentrated  hydro- 
chloric acid. — 4.  Isotunf/sfates,  WjOj-MO,  with  or  without  water.     The  ammonia^ 
Bait  is  formed  by  boiIin<^  metatungstate  of  ammonia  with  excess  of  ammonia;  it 
is  but  slightly  soluble  in  water.     The  acid,  which  may  be  separated  from  it  by 
means  of  another  acid,  is  principally  characterized  by  reproducing  the  isotungstate 
when  treated  with  ammonia.     5.  7V^/M/?</s/a/cii,  WgOig.iiMO.     When  the  yellow 
acid  obtained  from  wolfram  is  treated  with  ammonia,  and  the  solution  slowly  eva- 
porated, paratungstate  of  ammonia  is  first  deposited  and  afterwards  the  isotung- 
stato.     The  mother-liquor  separates  into  two  layers,  one  of  which  is  brown  and 
syrupy,  and  changes  on  drying  to  an  ea.sily  soluble  crystalline  mass,  probably  a 
double  salt  of  ammonia  and  iron.     ]^)iled  with  strong  nitric  acid,  it  yields  a  pre- 
cipitate which  is  not  gelatinous,  and  docs  not  turn  yellow  when  boiled.     Poly- 
tungstic  acid  is  further  characterized  by  forming  with  ammonia  a  very  soluble 
gait,  which  becomes  gummy  on  evaporation.     G.  I^aurcnt  also,  mentioned  another 
class  of  tungstatcs,  viz.,  Jlomofuvijsfafcs,  containing  WjOis-MO.     According  to 
Margueritte*  also  there  exi^t  acid  tungstatcs  containing  3,  4,  5  and  G  eq.  of  acid 
to  1  eq.  of  base. 

The  composition  of  the  tungstatcs  has  also  been  recently  examined  by  W. 
liOtz,"!"  whose  results  difTor  in  many  points  from  the  preceding.  According  to 
Lotz,  crude  tungstic  acid,  obtained  from  wolfram  by  the  action  of  hydrochloric 
and  a  small  quantity  of  nitric  acid,  yields  by  digestion  with  ammonia  and  evapo- 
ration at  a  very  genile  heat,  vellow  needier  of  an  ammonia-salt,  containing 
SNir.O.TWOa-fGIlO,  or  2(NH;0.  2WO0-f  MI.O.  3W()3-lGI10.  By  mixing 
warm  concentrated  solutions  of  1  eq.  of  monotungstate  of  soda,  and  rather  more 
than  1  eq.  chloride  of  ammonium,  a  double  salt  is  obtained,  composed  of 
(2Nn,O.W03)  +  NaO.W03+3lI();  and  by  adding  1  eq.  mctatungstate  of  soda 
to  a  boiling  solution  of  2  eq.  chloride  of  ammonium,  another  double  salt  is  formed 
containing  3Na0.7W03-f4c3NII,0.7W03)+14HO.  The  needle-shaped  ammo- 
nia-salt  mixed  with  solutions  of  the  neutral  salts  of  barium,  strontium,  manganese, 
Dickel,  and  lead,  yields  precipitates  of  the  general  formula,  3M0.7W03.  With 
alumina  a  white  curdy  precipitate  is  formed  containing  AljOj.TWOs+OHO.  Ses- 
quioxide  of  chromium  forms  a  salt  of  a  similar  constitution.  With  magnesia,  a 
sparingly  soluble  crystalline  double  salt  is  formed,  containing  2(Mg0.2W03)  + 
]SIl40.3WO3-f  lOIlO;  a  similar  double  salt  with  zinc.  Cadmium  also  forms  a 
double  salt  containing  3NH,0.7W03+4(3Cd0.7W30)+35IIO.  To  the  octo- 
hcdral  tungstate  of  ammonia,  which  was  regarded  by  Margueritte  as  NH4O.3WOJ 
-f5nO,  and  by  Laurent  as  a  metastungstate  containing  (Nll4)4HiW30io+5HO, 

or  "^^^liW  I  l.^WO3+30IIO.     Lotz  assigns  the  formula,  2(NH40.4W03)+15eq. 

The  solution  of  this  salt  is  not  precipitated  by  nitric  or  hydrochloric  acid  at 
ordinary  temperatures,  but  after  continued  boiling  yields  a  yellow  precipitate;  but 
if  it  be  previously  mixed  with  potash,  the  addition  of  an  acid  produces  an  imme- 
mediate  white  precipitate,  which  turns  yellow  on  boiling;  the  needle-shaped  salt 
pivcs  an  immediate  precipitate  with  acids,  without  previous  addition  of  alkali. 
The  octohedral  salt  differs  from  the  needle-shaped  salt  also,  in  not  forming  pre- 
cipitates with  solutions  of  the  earths  and  other  metallic  oxides,  except  when 
previouslv  mixed  with  ammonia,  by  which,  indeed,  it  is  converted  into  the  salt, 
SNHAfWOj. 

Sulphides  of  tungsten.  —  The  bisulphide  is  prepared  by  mixing  one  part  of 

*  Ann.  Ch.  Phys.  [8],  xvii.  475.  f  ^^^^  Cb.  rharm.  xcL  49. 
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tungsten  Tcitb  sis  parts  of  cinnabar,  and  exposing  the  mizturey  oorered  with  clu- 
coal,  in  a  crucible,  to  a  white  heat ;  or,  according  to  Kochc,  by  faaing  bitangstate 
of  putash  with  an  equal  weight  of  Bulphur,  and  washing  the  fused  mass  vilh 
water.  The  tersulphide  is  formed  by  dissolving  tungstio  acid  in  an  alkaline  ixi^ 
phidc,  and  precipitating  by  an  acid.  It  is  of  a  liver-brown  colour,  and  bec<nD«i 
black  on  drying.  The  tersulphide  of  tungsten  has  a  certain  degree  of  liability 
in  water  containing  no  saline  matter,  and  is  a  strong  sulphur-acid.  The  ult 
KS.W^Ss  forms  pale  red  crystals.  Two  parts  of  this  sulphur-salt  dissolved  iu  viter 
with  one  part  of  nitre,  give  largo  and  beautiful  ruby-red  crystals  of  a  double  isalr, 
KS.WSa  +  KO.NOi. 

PlioftnhiJes  of  tmif/sfcn. — Phosphorus  and  tungsten  combine  directly,  but  iritb- 
out  emission  of  light  and  heat,  when  finely  pounded  metallic  tungsten  contained 
in  a  glass  tube  is  heated  to  redness  in  phosphorus  vapour.  The  rcsultinf;  c<)n^ 
pound  is  a  dull,  dark  grey  powder,  very  difficult  to  oxidize,  and  containinj;  W,|\ 
Another  compound,  W4P,  is  obtained  in  magnificent  crystalline  grtrnp,  h-^ui-: 
exactly  the  appearance  of  natural  geodes,  by  reducing  a  mixture  of  2  c'j.  f  l.t- 
phoricand  1  cq.  tungstic  acids  at  a  very  high  temperature  in  a  crucible  liiitJ  wirh 
charcoal.  The  crystals  are  six-sided  prisms,  sometimes  nn  inch  long,  i-f  a  si'il- 
grey  colour,  and  strong  lustre ;  their  specific  gravity  is  5-207.  This  c^-inipLOi::-!  L* 
a  perfect  conductor  of  electricity;  undergoes  no  change  when  hc'at»"d  to  i}.<? 
melting  point  of  manganese  in  a  close  vessel,  and  remains  nearly  unaltcivl  v^h^ 
heated  to  redness  in  the  air;  but  burns  with  great  splendour  on  chare- ul  i:j  i 
stream  of  oxygen,  or  on  fused  chlorate  of  potash ;  it  is  not  attacked  by  :*nY  l.-U. 
not  even  by  aqua-regia  (Wohler).* 

Bichloride  of  tunjitaij  WClj,  is  formed  when  metallic  tungsten  is  her.t»?d  ia 
chlorine  gas.  It  condenses  in  dark  red  needles,  which  arc  very  fusible  and  tciIi- 
tile.  This  chloride  is  decomposed  by  water,  and  tungstic  oxide  with  hydr^oLLrle 
acid  formed. 

Terchloridc  of  tungsten,  WCI3,  is  produced  at  the  same  time  as  the  la?t  oi^k- 
pound,  and  also  when  the  sulphide  of  tungsten  is  heated  in  chlorine  ga.4.  It  furxs 
a  sublimate  of  beautiful  red  ciystals,  which  are  resolved  by  water  into  tiin^Mie 
and  hydrochloric  acids.  A  cklorotungstic  acid,  or  double  compound  of  tcn-l;i'.'rid« 
of  tungsten  and  tungstic  acid,  W0',C1,  or  WCI3.2WO3,  is  prepared  by  IieatiK 
tungstic  oxide  in  chlorine  gas.  It  condenses  in  yellow  ciystallinc  scales:  wbn 
suddenly  heated,  it  is  resolved  into  tungstio  acid,  bichloride  of  tungsten,  and 
chlorine.     Another  compound  is  known,  containing  2WClj.W0j  (Konnet). 

According  to  A.  lliche,f  the  terchlorido  of  tungsten  is  the  only  prcJuci  ob- 
tained when  tungsten  is  heated  in  pure  dry  chlorine  gas :  it  cr^'stallizes  in  notrdln. 
not  of  a  red  but  of  a  steel-grey  colour.  The  bichloride  is  formed  in  small  ijinb- 
tity,  as  a  blackish-brown  mass,  by  heating  the  terchloridc  in  dry  hydrogen :  and 
the  red  oxychloride,  WCliO,  by  passing  chlorine  gas  over  a  mixture  of  taopcie 
acid  and  charcoal,  and  distilling  the  product  in  an  atmosphere  of  hydrogen. 

ESTIMATION  OF  TUNGSTEN,  AND   METHODS   OF  SEPARATING    IT    FROM   TUE  IM- 

CEDING    METALS. 

Tungsten  is  always  estimated  in  the  form  of  tungstic  acid.  AVhen  tLL«  acM 
exists  in  a  solution  not  containing  any  other  fixed  substance,  it  i.^  sufficienl  fis 
evaporate  to  dryness  and  ignite  the  residue.  The  tungstic  acid  is  then  oblaiwd 
in  a  state  of  purity,  and  contains  79-7()  per  cent,  of  the  metal.  Tungstic  oiide 
is  easily  converted  into  tungstic  acid  by  fusion  with  carbonate  of  soda. 

The  best  method  of  separating  tungstic  acid  from  the  fixed  tdknlifs  is  lotral 
the  solution,  after  exact  neutralization  with  nitric  bcid,  with  a  solution  of  nm^ 
rous  nitrate.  Mercurous  tungstate  is  then  precipitated,  and  the  niercuiy  mtj  " 
expelled  frum  the  dried  precipitate  by  careful  ignition  in  a  good  draught. 

*  Chem.  Soo.  Qo.  J.  ▼.  Oi.  t  Compt  rud.  alii.  aOL 
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The  separation  of  tancstic  acid  from  the  earths  may  he  effected  hj  deeomposing 
the  eompound  with  nitno  aoid,  and  treating  the  decomposed  mass  with  caroonate 
of  ammonia,  which  dissolves  the  tungstic  acid. 

Tungstic  acid  may  he  readily  separated  from  many  metallic  oxides,  snch  as  the 
oxides  of  iron,  manganesef  nickely  cobalt,  lead,  &e.,  hy  fusing  the  whole  with  car- 
bonate of  soda,  and  digesting  the  fused  mass  with  water^  which  dissolves  tho 
tan^tic  acid  and  leaves  the  oxides  undissolved. 

From  titanic  acid,  tungstic  acid  is  separated  by  ammonia^  which  dissolves  only 
the  latter. 

The  best  mode  of  separating  tun<:^tic  acid  from  chromic  acid,  is  to  treat  the 
concentrated  solution  with  excess  of  hydrochloric  acid,  which  precipitates  the 
greater  part  of  the  tungstic  acid ;  then  boil  with  alcohol  to  reduce  the  chromic  acid 
to  chromic  oxide;  and  dissolve  the  tungstic  acid  by  ammonia. 


SECTION  VI. 

MOLYBDENUM. 

-E^.  47-88  or  698-5;  Mo. 

This  metal  is  closely  allied  to  tungsten.     Its  native  sulphide  was  first  dis 
tin^uished  from  plumbago  by  Scheele,  in  1778;  and  a  few  years  afterwards, 
molybdic  acid,  which  he  had  formed,  wns  reduced,  and  molybdenum  obtained 
from  it,  by  another  Swedish  chemist,  Hjelm.     Tho  name  molybdenum  is  derived 
from  the  Greek  term  for  plumbago. 

The  oxides  of  molybdenum  are  easily  reduced,  when  exposed  to  a  strong  heat 
in  a  crucible  lined  with  charcoal,  but  the  metal  itself  is  very  refractory .  Bucholz^ 
who  obtained  it  in  rounded  buttons,  found  it  to  be  a  white  metal,  of  density  be- 
tween 8*615  and  8-636.  It  may  bo  reduced  from  its  chlorides  by  hydrogen,  like 
tungsten  (p.  177),  and  then  forms  a  light  steel-grey  specular  deposit,  adhering  to 
the  glass  (Wohler).  It  is  not  acted  upon  by  hydrochloric,  hydrofluoric,  or  diluted 
sulphuric  acid ;  but  is  dissolved  by  concentrated  sulphuric  acid,  by  nitric  acid, 
and  by  aqua-regia.  Hydrate  of  potash  docs  not  dissolve  this  metal  in  the  humid 
way.  Molybdenum  combines  in  three  proportions  with  oxygen,  forming  molyb- 
dous  oxide,  MoO,  molybdic  oxide,  M0O2,  and  molybdic  acid,  M0O3. 

Afoljfbdoun  oxide,  MoO,  65-88  or  698-5.  — This  oxide  is  obtained  by  adding  to 
the  concentrated  solution  of  any  molybdate,  so  much  hydrochloric  acid  as  to  re- 
dissolve  the  molybdic  acid  which  is  at  first  thrown  down,  and  placing  zinc  in  the 
liquid ;  this  becomes  first  blue,  then  reddish-brown,  and  finally  black,  and  contains 
the  chloride  of  zinc  and  protochloride  of  molybdenum.  To  separate  the  oxide  of 
molybdenum  from  the  oxide  of  zinc,  ammonia  is  added  to  the  liquid  in  quantity 
no  more  than  sufficient  to  precipitate  the  former,  while  the  latter  remains  in 
solution.  The  molybdous  oxide  carries  down  with  it  a  portion  of  oxide  of  zino^ 
from  which  it  may  be  freed  by  washing  with  ammonia :  it  is  thus  obtained  as  a 
hydrate  of  a  black  colour.  The  hydrate  of  raolybdoas  oxide  dissolves  with  dif- 
ficulty in  acids,  forming  solutions  which  are  almost  black  and  opaque,  and  which 
do  not  yield  crystallizable  salts.  These  solutions  yield  with  the  alkalies  and  their 
carbonates  a  brownish-black  precipitate  of  the  hydrated  oxide,  insoluble  in  the 
caustic  alkalies,  slightly  soluble  in  the  neutral  carbonates,  but  readily  soluble  in 
bicarbonate  of  potash  or  carbonate  of  ammonia.  Uydrosulphuric  acid  throws 
down  a  brown-black  precipitate,  and  sulphide  of  ammonium  a  yellowish-brown 
precipitate  of  sulphide  of  molybdenum,  easily  soluble  in  sulphide  of  ammonium. 
JPerroc^anide  or  ferricyanide  of  potassium  forms  a  dark-brown  precipitate,  in- 
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soluble  in  excess.     Phosphate  of  soda  forms  a  browaish-whiic  prcciplute.    M<j1tV 
dous  oxide  resists,  after  ignition,  the  action  of  all  acids. 

Mofi/hdic  oxide,  MoOij  03-88  or  798-5. — This  oxide  may  be  obuined  by 
i^rniting  inolybdate  of  ammonia  in  a  covered  crucible,  but  mixed  with  a  Uul« 
molybdic  acid.  It  is  better  procured  by  ijiniting  rapidly,  in  a  covered  cracibk-.  & 
mixture  of  anhydrous  molybdate  of  soda  (which  m:iy  contain  an  excess  uf  sods) 
with  sal-ammoniac.  Water  poured  upon  the  fused  mass  disst^Ivos  cumnioQ  sail, 
and  leaves  a  brown  powder,  almost  black.  But  molybdic  oxide  prepared  in  tliu 
way  is  insoluble  in  acids.  The  hydrated  oxide  may  be  obtained  in  variuu^^  ways 
one  of  which  consists  in  digesting  molybdic  acid  with  hydrochloric  acid  and 
copper^  till  all  the  molybdic  acid  is  dissolved.  From  the  solution,  which  i«  uf  a 
deep-red  colour,  molybdic  oxide  is  precipitated,  in  appearance  exactly  simlbr  tj 
the  hydrated  sesquioxide  of  iron,  by  ammonia  added  in  sufficient  excels  i*)  rvialti 
all  the  oxide  of  copper  in  solution.  The  hydrate  has  a  certain  docrt-e  of  s.-lu- 
bility  in  pure  water,  and  should,  therefore,  be  washed  with  Kolutinn  uf  sjl-arc- 
moniac,  and  lastly  with  alcohol.  This  hydrate  reddens  litmus  pi  per,  but  p  as- 
sesses no  other  property  of  an  acid.  It  is  not  dissolved  by  the  hydrated  alkalis, 
but  is  soluble  in  their  carbonates,  like  several  earths  and  metallic  uxides.  It  da- 
solves  in  acids  and  forms  salt<%,  which  are  red  when  thev  contain  water  uf  cr^^ca]* 
lization,  and  black  when  anhydrous.  The  a({ueous  solutions  of  the^e  .<alcs  havo  i 
reddish-brown  colour,  and  a  rough,  somewhat  acid  and  subseijuouily  nuialil-: 
taste.  When  heated  in  the  air,  they  have  a  tendency  to  become  blue  by  •iiiJa- 
tion.  "With  zincy  they  first  blacken,  and  then  yield  a  black  precipitate  of  hydrato*! 
molybdous  oxide.  Their  behaviour  with  alkalies,  hydrosulphuric  acid.  ^r..  ii 
similar  to  that  of  the  molybdous  salts,  excepting  that  the  precipitates  :iro  lighter 
in  colour.  The  oxalate  of  molybdic  oxide  may  be  obtained  in  crystals  h\  *pjfl- 
taneous  evaporation. 

Moli/hdic  acid,  MoOj;  71*88  or  SOS -5. — The  native  sulphide  of  nmlybJcnuns. 
in  fine  powder,  is  roasted  in  an  open  crucible,  with  constant  stirring,  at  a  heat  c-t 
exceeding  low  redness,  so  long  as  sulphurous  acid  goes  off.  It  loaves  a  dull 
yellow  powder,  which  is  impure  molybdic  acid.  This  is  dissolved  in  auiiziODiJif 
and  the  molybdate  of  ammonia  purilicdby  evaporation,  during  which  S'.>me  fureisa 
matters  are  deposited,  and  crystillized.  The  crystallized  salt,  expi»scd  to  a  molf* 
rate  heat,  so  as  to  avoid  fusion,  gives  off  its  ammonia,  and  leaves  molybdic  aciJ  in 
a  state  of  purity.  The  acid  thus  prepared  is  a  white  and  light  porous  m:i.«.«.  whick 
may  be  diffused  in  water,  and  divides  into  little  crystalline  scales  of  a  silky  Ia^tre. 
It  fuses  at  a  red  heat,  and  forms  on  coolin-r  a 'straw-coloured  cr\*stilline  rax<*,  tbc 
density  of  which  is  3*49.  This  acid  forms  no  hydrate.  It  requires  570  times  in 
weight  of  water  to  dissolve  it.  IJefore  being  ignited,  it  is  soluble  in  acids,  tnJ 
forms  a  class  of  compounds,  in  which  it  appears  to  play  the  part  of  ba!*e,  bat  J 
which  not  much  is  known.  When  boiled  with  bitartratc  of  potash,  molybdic  ac:J 
dissolves,  even  after  being  fused  by  heat. 

AVhen  a  solution  of  bichloride  of  molybdenum  is  poured  into  a  saturated  tf 
nearly  saturated  solution  of  molybdate  of  ammonia,  a  blue  precipitate  falls,  whifk 
is  a  moft/hdatc  ofvwli/bdic  oxide,  MO2.2MO3.  This  com])Ound  is  likewise  n?adilj 
formed  in  a  variety  of  other  circumstance?*. 

The  salts  of  molybdic  acid  arc  colourless,  when  their  base  is  not  ctiUarcd 
When  they  arc  treated  with  other  acids,  molybdic  acid  is  pn>eipitatod,  bat  di^ 
solves  in  nn  excess  of  the  acid.  It  forms  both  neutral  and  acid  salts  with  tbt 
alkalies.  These  alkaline  molybdates  arc  the  only  ones  that  arc  I'asilj  siduble  ii 
water;  of  the  rest,  some  di.ssolve  sparingly,  and  others  are  completely  insolaWe. 
Solutions  of  the  alkaline  molybdates  arc  coloured  yellow  by  hi^dn*fvipkvnr  ^r^ 
from  formation  of  a  sulphomolybdate  of  the  alkalimetaJ  (MS.MDS,),  and  tlbn 
yield  with  acids  a  brown  precipitate  of  torsulphide  of  molybdenum.  Tliit  b  a 
extremely  delicate  test  for  molybdic  acid.  They  form  white  precipitates  with  liki  ^ 
the  earths,  and  precipitates  of  various  coloura  with  salts  of  the  heavy  metak;  cf 
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wbitc  with  lead  and  silver  salts;  yellow  with /<?mc  salts;  and  yellowish -white 
with  mcrcurous  salts. — Frotochloride  of  tin  produces  immediately  a  greenish  blue 

trecipitate,  soluble  in  hydrochloric  acid  forming  a  green  solution ;  which  turns 
Ine  on  the  addition  of  a  very  small  quantity  of  the  tin-solution. — When  iribasic 
phosphoric  acid,  or  a  liquid  containing  it,  is  added  to  the  solution  of  molybdate 
of  ammonia,  together  with  an  excess  of  hydrochloric  acid,  the  liquid  turns  yellow, 
and  after  a  while  deposits  a  yellow  precipitate  of  molybdic  acid  combined  with 
small  quantities  of  phosphoric  acid  and  ammonia.  This  precipitate  is  soluble  in 
ammonia  and  likewise  in  excess  of  the  phosphate.  The  reaction  is  therefore  es- 
pecially adapted  for  the  detection  of  small  quantities  of  phosphoric  acid.  The 
Dibasic  and  monobasic  phosphates  do  not  produce  the  yellow  precipitate.  Arsenic 
acid  gives  a  similar  reaction.  According  to  Seligsohn,*  the  yellow  precipitate  is 
a phosfjihomoh/hdate  of  ammonia,  2(3NH40.P06) -f  15(H0.4Mo03.)  By  digest- 
ing it  in  a  dilute  solution  of  acetate  of  potash  or  soda,  crystalline  double  salts  are 

formed,  containing  2(3XH40.P05)  +  15(^^  ^^  \  .4M0O3).     With  acetate  of 

baryt^i,  a  double  salt  is  formed,  containing  3NH40.P05-f- 30(BaO.MoOs);  and 
similarly  with  acetate  of  lead. 

Molybdic  acid  and  other  compounds  of  molybdenum  form  a  colourless  bead  with 
borax  and  phonphorus-salt  in  the  outer  blowpipe  flame.  In  the  inner  flame,  they 
form  a  brown  bead  with  borax  and  a  green  bead  with  phosphorus-salt. 

Jdulf/bdafes  0/  potash,  —  The  monomolyhdate,  KO.M0O3,  is  obtained  by  agita- 
ting the  termolybdate  with  an  alcoholic  solution  of  potash :  it  then  separates  as 
an  oily  mass,  which,  when  dried  over  lime  and  sulphuric  acid,  crystallizes  in  four- 
Bided  prisms  containing  2(KO.Mo03)-f  IIO.  It  is  also  obtained  by  mixing  a  so- 
lution of  molybdute  of  ammonia  with  excess  of  carbonate  of  potash,  and  evapo- 
rating to  a  syrup.  Biinolybdate  of  potash  does  not  appear  to  exist.  When  a 
solution  of  molybdic  acid  in  carbonate  of  potash  is  mixed  with  strong  nitric  or 
hydrochloric  acid  till  a  slight  permanent  precipitate  is  produced,  the  liquid  after  a 
while  yields  crystals  of  a  salt  containing  4KO.9M0O3  +  6II0 ;  and  this  salt  is 
decomposed  by  water  into  monomolybdate,  which  dissolves  readily,  and  termo- 
lybdate, which  is  sparingly  soluble : 

2(4K0.9MoO,)  =  3(KO.MoO,)  -f  5(K0.3Mo03). 

The  termolybdate  dissolves  easily  in  boiling  water,  and  separates  as  a  bulky  white 
precipitate  when  the  solution  is  quickly  cooled ;  but  by  slow  cooling  it  is  obtained 
in  needles,  having  a  beautiful  silky  lustre  and  containing  KO.SMoOs  -f  3H0. 
Nitric  acid  added  in  excess  to  a  solution  of  molybdic  acid  in  carbonate  of  potash 
throws  down  a  white  precipitate  consisting  sometimes  of  quad romolybd ate  and 
Bouietimes  of  pentamoli/bdate  of  potash,  both  anhydrous  (Svanberg  and  Struve).f 

MonomoJf/bdate  of  soda,  NaO.^IoOs  +  2 HO,  is  obtained  by  fusing  molybdio 
acid  with  an  equivalent  quantity  of  carbonat<3  of  soda.  It  is  easily  soluble  in 
water,  and  crystnllizes  in  small  rhombohedrons,  which  molt  easily  and  give  o£f 
their  water.  The  bimolt/bdate,  Na0.2Mo03  -f  HO,  is  obtained  in  a  similar 
manner.  It  crystallizes  in  needles,  and  dissolves  sparingly  in  cold,  readily  in  boil- 
ing water.  The  termolybdate  is  obtained  by  adding  nitric  acid  to  a  solution  of 
molybdic  acid  in  carbonate  of  soda,  as  a  bulky  white  precipitate,  more  soluble 
than  the  corresponding  potash-salt.  The  solution  yields  crystals  containing 
Na0.3MoOj  +  71IO.  Nitric  acid  added  in  excess  to  a  solution  of  molybdate  of 
soda  throws  down  nothing  but  molybdic  acid  (Svanberg  and  Struve).;^ 

Monomolybdate  of  ammonia,  NH4O.M0O3,  obtained  by  treating  molybdic  acid 
in  excess  with  strong  solution  of  ammonia  in  a  closed  vessel,  then  precipitating 
with  alcohol,  and  drying  over  quicklime,  forms  microscopic  four-sided  prisms, 

*  J.  pr.  Chem.  Ixvii.  474.  f  Ann.  Ch.  Pharm.  Ixviii.  494. 

X  Ann.  Ch.  Pharm.  IxviiL  404. 
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wbich  arc  anhydrous.  The  himolyhdate^  NH4O.2M0OU  lA  depoaied  u  a 
cr}'stallinc  powder  when  a  solution  of  moljbdic  acid  in  excess  of  ammona  ii 
quickly  evaporated.  A  solution  of  molybdic  acid  in  ammonia,  eTaporated  bybnt 
to  the  crptallizing  point,  or  left  to  evaporate  in  the  air,  deposits  lar|;e  transpaicot 
six-sided  prisms,  containing  Nn40.2MoO,  +  NH^O.SMoOj  +  3H0  (Svanbei^M* 
Struve). 

Monomolyhtlate  of  han/ta,  BaO.MoOs,  is  precipitated  as  a  sparingrlv  «ohUe 
crystalline  powder,  on  adding  chloride  of  barium  to  a  solution  of  molybdic  acid  ii 
excess  of  ammonia.  Baryta-salts,  containing  BaO.SMoOs  4-  3110  and  Ba0.2MoO^ 
4-  BaOgSMoOs  +  OHO,  arc  obtained  by  precipitating  the  correspondiDz  pottik 
and  ammonia-salts  with  chloride  of  barium.  By  decomposing;  monomolybdate  df 
baryta  with  dilute  nitric  acid,  an  acid  salt  is  formed  containing  BaO.'DMoO^-f 
4H0;  it  crystallizes  in  small  six-sided  prisms,  fusible  and  insoluble  in  wata 
(Svanberg  and  Struve). 

Monomolybdate  of  magnesia^  MgO.Mo03-f-5HO,  is  obtained  in  distinct  c!j<ti!i 
by  boiling  molybdic  acid  and  magnesia  alba  with  water,  and  e^-apontiag  de 
filtrate;  it  gives  off  3  cq.  water  at  212°  (Struve).* 

Molybdate  of  manganous  oxide ,  MuO.MoOs  -f  HO,  is  obtained  as  a  bfin 
white  powder,  by  treating  carbonate  of  manganese  with  tcrmolybdato  of  poiasb  vf 
soda. 

I^rotosulphatc  of  iron  added  to  a  solution  of  molybdate  of  potash,  rrdacci  ike 
molybdic  acid  to  a  lower  state  of  oxidation ;  but  if  chlorine  gas  be  parsed  tknnzk 
the  solution  at  the  same  time,  a  bulky  precipitate  is  formed,  which,  when  dried  ia 
the  air,  forms  a  light  yellow  powder,  consisting  of  pentamo/t/hdate  of  fcrriofXiU, 
FeA.5Mo03  4-  IGHO. 

By  boiling  the  solution  of  tcrniolybdate  of  potash  or  soda,  or  acid  molybdate  rf 
ammonia,  with  hydrate  of  alumina,  manganic  oxide,  ferric  oxid*-,  or  rA/wait 
oxide,  and  evaporating  to  the  crystallizing  point,  double  salts  arc  obtained.  TKe 
composition  of  the  double  salts  containing  alumina,  ferric  oxide,  or  chn)inie  oxide, 
with  potash  or  oxide  of  ammonium,  may  be  represented  bv  that  of  the  alamiai 
and  potash-salt,  viz.,  AI2O5.6M0O,  -f  3(K0.2MoO,)  +  20110.  The  ;»/ci«iV>.wm- 
ganic  salt  contains  MnA-G-^ltiOs  4- 5(K0.23IoOa) -f  12110.  The  amnanih 
manijanic  salt  is  similarly  constituted.  The  sodio<hromic  salt  contains  Cr^O^GMoOi 
4-  3(Na0.2Mo03)  4-  21*110  (Struve). 

Acid  molybdate  of  ammonia,  added  to  a  boiling  solution  of  sulphate  of  o>pptf. 
throws  down  a  heavy  green  amorphous  powder,  consisting  of  lactic  mo^^^liJiff  »y 
copper,  4Cu0.3Mo03  4-  5110.  By  adding  molybdate  of  ammonia  in  cxoi^w* 
cold  solution  of  sulphate  of  copper,  a  double  salt  is  formed,  consLitlD:  d 
CUO.2M0O3  4-  NH,0.3Mo03  +  OHO.  It  is  a  white-blue  crystalline  j^;irJrf, 
which  gives  off  4  ecj.  of  water  at  212°  and  4  eq.  more  at  260°  (Struve). 

Mofi/bdafe  of  lead,  PbO.MoOs,  is  formed  by  precipitating  nitrate  of  haJ^i^ 
tcrmolybdatc  of  potash.  It  is  a  heavy  white  powder,  which  melts  only  ac  a  hbi 
temperature.  It  occurs  finely  crystallized  as  a  mineral.  Chroniate  of  lead  if 
dimorphous,  and  corresponds  in  the  least  usual  of  its  forms  with  mulybiitr  <^ 
lead :  hence  molybdenum  is  connected  with  the  magnesian  metal.^,  and  tungfM 
also  with  the  same  class,  from  the  isomorphism  of  the  tungstites  and  molTbdiK& 

Sulphides  of  molijbdtnnm.  —  The  bisulphide  is  the  ore  from  which  Uw  €«•■ 
pounds  of  this  metal  are  derived.  It  occurs  in  many  parts  of  Sweden,  and  mM 
be  procured  in  quantity  if  any  useful  application  of  the  metal  were  diw^fWwA 
It  ia  a  load-grey  mineral,  having  the  metallic 


llic  lustre,  composed  of  flexible 
soft  to  the  touch,  and  making  a  streak  upon  paper  like  plumbaga     Nitric  ioi 
oxidates  it  easily,  without  dissolving  it.     Its  density  is  from  4*138  to  4'5W.   A 
tcrsufphide  of  viofj/bdeuum  is  obtained  in  the  same  way  as  the  contspoBiil| 
compound  of  tungsten,  and  affords  crystallizablo  salphar-salts  which  are  red.  &> 


*  Ann.  Ch.  Pharm.  zori.,  26G. 
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Iphomolybdate  of  potassiam  combiDcs  likcwiRO  with  nitrate  of  potash.  When  a 
lutioD  of  the  former  salt  is  boiled  with  tersulphide  of  molybdeiftm  in  excess, 
e  latter  is  converted  into  bisulphide  of  molybdenum,  and  a  qnadrUvJphide  of 
(fijfbdenum  dissolves  in  combination  with  the  sulphide  of  potassium.  The  quad- 
lulphide  may  be  precipitated  by  hydrochloric  acid,  and  when  dried  is  a  cinnamon- 
X)wn  powder. 

Chlorides  of  molybdenum.  —  A  protochloride  is  formed  when  molybdous  oxide 
dissolved  in  hydrochloric  acid ;  the  bichloride  when  molybdenum  is  heated  dry 
.  chlorine  gas,  as  a  dark-red  gas  which  condenses  in  crystals,  like  those  of  iodine. 

forms  a  cryc*tallizable  double  salt  with  sal-ammoniac.  Chloromolybdic  acid,  or 
compound  of  terchloride  of  molybdenum  and  molybdic  acid,  MoOjCl,  or  MoCly  + 
^loOj,  is  fonncd  with  (molybdic  acid),  when  molybdic  oxide  is  exposed  to  chlorine 
ia  at  a  red  heat.  It  sublimes  below  a  red  heat,  and  condenses  in  crystalline 
ales,  which  are  white  with  a  shade  of  yellow. 

:STIMATION   OF  MOLYBDENUM,   AND   METHODS   OF  SEPAEATINQ  IT  FEOM  THE 

PRECEDING   METALS. 

The  determination  of  molybdic  acid  is  more  difficult  than  that  of  tungstic  acid, 
1  account  of  its  partial  volatility.     The  best  mode  of  estimating  it  is  to  convert 

into  molybdic  oxide  by  ignition  in  an  atmosphere  of  hydrogen ;  the  oxide  which 

perfectly  fixed  may  then  be  weighed ;  it  contains  74*95  per  cent,  of  the  metal, 
riicn  molybdic  acid  exists  in  solution  in  ammonia  or  in  other  acids,  the  solution 
lUSt  be  carefully  evaporated  to  dryness,  and  the  residue  treated  as  above. 

Molybdic  acid  is  separated  from  most  metallic  oxides  by  its  solubility  in  sulphide 
:  ammonium.  The  filtered  solution  is  then  treated  with  an  excess  of  very  dilute 
[trie  acid,  to  precipitate  the  tersulphide  of  molybdenum }  the  precipitate  collected 
1  a  weighed  filter,  and  its  quantity  determined ;  after  which,  a  weighed  quantity 
'  it  is  ignited  in  au  atmosphere  of  hydrogen,  to  convert  it  into  the  bisulphide, 
[oSif  from  the  weight  of  which  the  amount  of  molybdenum  is  calculated. 

Molybdic  acid  is  separated  from  the  eartJis  by  fusing  with  carbonate  of  soda, 
id  digesting  the  fused  mass  in  water,  which  dissolves  molybdate  of  soda,  and 
avcs  the  earth  in  the  form  of  carbonate. 

From  thcfxed  alkalies^  molybdic  acid  may  be  separated  by  precipitation  with 
.ercurous  nitrate,  and  its  quantity  estimated  from  the  weight  of  the  precipitate. 


SECTION  VII 

TELLURIUM. 

2:^.  6414  ar  801-8;  Te. 

Tellurium  is  a  metal  of  rare  occurrence,  and  appeared  at  one  time  to  bo  almost 
mfined  to  certain  gold  mines  in  Transylvania ;  but  it  has  been  found  lately  in 
kDsiderable  abundance,  at  Schemnitz,  in  Hungary,  combined  with  bismuth;  and 
I  the  silver  mine  of  Sadovinski  in  the  Altai,  united  with  silver  and  with  lead. 
i  was  first  described  as  a  new  metal  by  Klaproth,  who  gave  it  the  name  of  tellu- 
am,  from  (ellus,  the  earth. 

Tellurium  is  chiefly  obtained  from  telluride  of  bismuth.  The  ore,  after  being 
ecd  from  the  matrix  by  pounding  and  washing,  is  mixed  with  an  equal  weight 
r  carbonate  of  potash  or  soda,  the  mixture  made  up  into  a  paste  with  olive  oil, 
id  heated  in  a  well-closed  crucible,  carefully  at  first  to  prevent  frothing,  and 
kerwards  to  a  full  white  heat.  The  fused  mass  is  then  digested  in  water;  which 
aves  the  bismuth  and  the  excess  of  charcoal  undissolved,  and  dissolves  the 
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tolluriiim  in  the  form  of  telluride  of  potassium  or  sodiam,  which  impart*  a  pi>!t- 
wine  colour  to  the  liquid.  The  solution  deposits  metallic  tellurium  whfn  t  xpi.isijd 
to  tlio  air,  or  more  quickly  when  air  in  hK»wn  through  it ;  aud  the  prt^- ii-itiiM 
metal  is  purified  by  washinj^  with  acidulated  water,  and  subsequent  di^tV.lAt!llri  in 
an  atmosphere  of  hydrosron  (Bcrzeliiuj).  The  metal  is  also  obtained  from  \Se 
ore  called /o/j'tT^rtZ  (t'/luriiimj  which  contains  13  per  cent  of  ti'llurium.  arnl  hM  ^x 
cent,  of  lead,  together  with  copper,  gold,  antimony,  and  sulpliur.  T^^  fin  It 
pounded  mineral  is  freed  from  the  fjulphide  of  lead  and  antimony  by  r  T>'*ri:-il 
boilinrr  with  stroncr  hydrochluric  acid  and  washinEr  with  watt-r:  the  residu.il  tt'h* 
ride  of  gold  treated  with  ^>t^ong  nitric  acid;  the  tellurium-solution  p«mre'i  ■■■fTfra 
the  gold  and  evaporated  to  dryness ;  the  residue  dissolved  in  hydnx*hlt»ri.'  v.\\\ 
and  the  tellurium  precipitated  from  the  solution  by  sulphurous  acid  (IknliitT^  • 

In  a  state  of  purity,  tellurium  is  silver-white  and  very  brilliant.  It  i-*  v-^ 
crystallizablc,  assuming  a  rhombohedral  form,  in  which  it  is  isomorph-^u*  with 
arsenic  and  antimony.  It  is  brittle  for  a  metal,  and  an  indifferent  c<>mluri.>r  t 
heat  and  electricity.  Its  density  is  from  6-2o24  to  0*257^,  according:  to  15<t!c- 
lius.  Tellurium  is  about  as  fusible  as  antimony,  and  may  bo  distilK-d  at  a  hii-b 
temperature.  It  burns  in  air,  at  a  high  temperature,  with  a  lively  bin?  flaiie, 
green  at  the  borders,  and  diffuses  a  dense  white  smoke,  wliich  generally  l:a>  t!.? 
od(»ur  of  decaying  horse-radish,  from  the  presence  of  a  little  selenium.  T-lIarina 
belongs  to  the  sulphur-class  of  elements.  Like  selenium  and  sulpliur,  it  'ii^*  Iv?* 
to  a  small  extent  in  concentrated  sulphuric  acid,  and  eommuniratrs  t'> :!  .••  5*^0 
purple-red  colour.  In  this  solution,  the  metal  is  not  oxidated,  for  it  i>  f-ripi- 
tiitod  again,  in  the  metallic  state,  by  water.  This  metal  has  also  ci-nsi'lvRble 
analogy  with  antimony,  and  may  probably  connect  together  the  sulpliur  an-l  y-h* 
phorus  families.  Tellurium  combines  in  two  proportions  with  oxygen.  fnrDjir.g 
tellurous  acid,  Te02,  and  telluric  acid,  TeOj. 

Ttllnrom  aciil,  TeO, ;  8014  or  1001-8.  — This  acid  differs  reraarkaVlj  ii 
properties  according  as  it  is  anh^'drous  or  hydrated.f  Ilydnited  trllurou?  3.*i-.lii 
obtained  by  precipitating  bichloride  of  tellurium  with  culd  water:  or  by  liwc;: 
anhydrous  tellurous  acid  with  an  e<jual  weiglit  of  carbonate  of  p»ota5li.  as  liiicie 
carbonic  acid  is  disengaged,  dissolving  the  tellurite  of  potash  in  water,  and  aillinr 
nitric  acid  to  it  till  the  liijuor  distinctly  reddens  litmus  paper.  A  whit"*  ind 
bulky  precipitate  is  produced,  which  is  washecl  with  ice-cold  water,  and  after- 
wards dried  without  artificial  heat.  Tellurium  likewise  dissolves  with  vi«>len<v  ia 
pure  nitric  acid  of  density  l-o,  and  if  after  the  lirst  live  minutes,  the  ekar  linii 
bo  pouriiil  into  water,  tellurous  acid  is  precipitated  in  white  flocks.  But  if  nf.^ 
immediately  precipitated,  the  nitric  acid  solution  undcrg«K*s  a  change. 

The  hydrated  acid  obtained  by  these  processes  forms  a  light,  white,  oartrj 
mass,  of  a  bitter  and  metidlic  taste.  It  instantly  reddens  litmus  paper,  an-i  wli;* 
still  moist,  dissolves  to  a  .««ensible  extent  in  water.  It  is  verv  8f.il  uhl«*  in  a-  i-.iBi 
the  solutions  are  not  subject  to  change,  except  that  which  is  formed  by  nitrir  3:4 
Ammonia  and  the  alkaline  carbonates  also  dissolve  hydrated  tellurous  ac-id  v.lii 
facilitv,  the  latter  becomintr  bicarbonatcs. 

Anh/thoHA  tclhinnis  wid.  —  When  the  solution  of  tellurous  acid  in  wat'TfU 
heated  to  140°,  it  deposits  the  anhydrous  acid  in  grains,  and  hises  it*  ac'd  m^ 
tion.  The  same  change  occurs  when  an  attempt  is  made  to  dry  the  hydniei  tel- 
lurous acid  by  heat :  it  parts  with  combined  water,  and  becomes  grauular.  Tlw 
solution  of  tellurous  acid  in  nitric  acid  changes  spoutaueously  in  a  few  hour*,  ifi^ 


*  For  further  dotnils  respecting  the  extraction  of  tellurium,  viile  Herzelia*,  Triit*  ^ 
Chimie,  i.  )M4;  and  the  tmii^Iation  of  Gmclin's  Hamibook.  iv.  :Ui3.  Wvhler  statei,  iniMtt 
to  his  paper  on  tellurite  of  ethyl  (Ann.  Ch.  Pliarm.  Ixxziv.  70),  thui  tellurium  may  UobUJ** 
in  eonsiiJerable  quantities  from  the  residues  of  tho  Trau.sylvanian  gold-ex traclion,  vkich&a^ 
hitherto  been  thrown  away  ns  worthless. 

f  IlcrzcUus  regarded  the  hydrated  and  anhydrous  acidi  &a  contAining  diffemt  «ti£fat> 
tioD9  of  the  some  compound,  and  diBtinguishcd  them  as  a-tcllaroas  and  tf-tcUanms    '  * 
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in  ft  quarter  of  an  hour  when  heat  is  applied  to  it,  and  allows  the  anhydrous  acid 
to  precipitate.  When  the  deposition  of  the  acid  is  slow,  it  forms  a  crystalline 
mass  of  fine  grains,  among  which  octohcdral  crystals  may  he  perceived  hy  the 
microscope.  The  acid  is  then  anhydrous.  In  this  state  it  does  not  redden  litmus, 
or  not  till  after  a  time.  It  is  hut  very  slightly  soluble  in  water,  and  the  solution 
has  no  acid  reaction.  At  a  low  red  heat,  it  fuses  into  a  clear  transparent  liquid 
of  a  deep  yellow  colour,  which  on  cooling  becomes  a  white  and  highly  crystalline 
mass,  easily  detached  from  a  crucible.  Tcllurous  acid  is  volatile,  although  less  so 
than  the  metal  itself. 

The  solutions  of  hydrated  tellurous  acid  in  the  stronger  acids  yield  a  black  pre- 
cipitate of  metallic  tellurium,  when  treated  with  powerful  deoxidizing  agents,  such 
as  zinc,  phosphorus,  protochloridc  of  tin,  sulphurous  acid,  and  the  alkaline  bisul- 
phatcs.  Ilydrosulphuric  acid  and  sulphide  of  ammonium  throw  down  black-brown 
sulphide  of  tellurium,  easily  soluble  in  excess  of  sulphide  of  ammonium. 

The  telluriteSf  or  compounds  of  tellurous  acid  with  salifiable  bases,  contain  1 
atom  of  base  united  with  1,  2,  or  4  atoms  of  acid.  They  are  fusible,  and  genc- 
lally  solidify  in  the  crystalline  form  on  cooling ;  the  quadrotellurites,  however, 
form  a  glass.  Tellurites  are  colourless  unless  they  contain  a  coloured  base ;  those 
which  are  soluble  have  a  metallic  taste.  Most  of  them,  when  heated  to  redness 
with  charcoal,  yield  metallic  tellurium,  sometimes  with  slight  detonation  ;  and  the 
reduced  metal  volatilizes  readily,  being  at  the  same  time  reoxidized  and  forming  a 
white  deposit  on  the  charcoal;  it  likewise  imparts  a  green  colour  to  the  flame ; 
the  tellurites,  when  ignited  with  potassium,  or  with  charcoal  and  carbonate  of  pot- 
ashy  yield  telluride  of  potassium  which  dissolves  in  water,  forming  a  port-wine 
coloured  solution ;  with  the  zinc  and  silver-salts,  however,  and  a  few  others,  this 
reduction  does  not  take  place.  The  tellurites  of  ammonia^  potash  and  soda  are 
easily  soluble  in  water ;  those  of  baryta,  strontia,  and  lime  are  sparingly  soluble ; 
the  rest,  insoluble.  An  aqueous  solution  of  a  tellurite  is  decomposed  by  the  car- 
bonic acid  of  the  air.  Nearly  all  tellurites  dissolve  in  strong  hydrochloric  acid 
without  evolving  chlorine  when  heated ;  the  solution  exhibits  the  above-mentioned 
characters  of  a  solution  of  tellurous  acid  in  the  stronger  acids,  except  in  so  far  as 
it  may  be  interfered  with  by  the  presence  of  another  base.  The  solution  when 
diluted  in  water  yields  a  white  precipitate  of  tellurous  acid;  provided  the  excess  of 
hydrochloric  acid  present  is  not  too  great. 

Monotellurite  of  potash^  K0.Te02i  is  obtained  by  heating  1  eq.  tellurous  acid 
with  eq.  of  carbonate  of  potash.  The  fused  mass  on  cooling  forms  crystals  of  large 
mze.  The  salt  dissolves  slowly  in  cold,  more  quickly  in  warm  water.  BUelhirite 
ofjKftafh^  KO.Te204,  is  obtained  by  fusing  two  atoms  of  tellurous  acid  with  one 
atom  of  carbonate  of  potash.  It  appears  to  be  capable  of  existing  in  a  hot  solu- 
tion, and  of  crystallizing  in  certain  circumstances ;  but  it  is  decomposed  by  cold 
water,  which  resolves  it  into  the  neutral  salt,  which  dissolves,  and  a  quadriteUu' 
rite  o/potashf  KO.Te408  +  4H0.  The  latter  salt  cannot  be  redissolved  in  water, 
without  decomposition.     In  losing  its  water  when  heated,  it  swells  up  like  borax. 

TiUuric  acidy  TeO,;  88*14  or  1101-8.  —  This  acid  is  obtained  in  combination 
with  potash,  by  fusing  tellurous  acid  with  nitre.  It  may  then  be  transferred  to 
baryta,  and  the  insoluble  tellurate  of  baryta  decomposed  by  sulphuric  acid.  The 
solution  of  telluric  acid  gives  bulky,  hexagonal,  prismatic  crystals.  Its  taste  is 
not  acid,  but  metallic,  resembling  that  of  nitrate  of  silver.  Indeed,  it  appears  to 
be  but  a  feeble  acid,  reddening  litmus  but  slightly,  when  the  solution  is  diluted. 
The  crystallized  acid  contains  8H0,  of  which  it  loses  2H0  by  efflorescence,  a 
little  above  212^.  It  then  appears  insoluble  in  cold  water,  but  may  be  com- 
pletely redissolved  by  long  digestion,  particularly  with  ebullition,  and  is  not  per- 
iDADently  altered. 

Anh^tfrtniB  telluric  acid. — The  crystals  of  hydrated  telluric  acid  give  off  all 
their  water  at  a  heat  below  redness,  and  are  converted  into  a  mass  of  a  fine  orange- 
jellow  oolonr^  withont  changing  their  form.     This  yellow  matter^  which  is  distin* 
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guislicd,  as  alphi-trVurk  acid  by  Bcrzelius,  is  remarkablo  for  its  indifference  U) 
cheuiical  rca<;ent8y  being  completely  insoluble  in  cold  or  boiling  mter,  in  hot 
bydrochloric  and  nitric  acids,  and  in  potash-ley.  At  a  hi{i(h  temperatore,  it  is  de- 
composed, evolving  oxygen,  and  leaving  tellurous  acid  white  and  palTcmlent. 

Telluric  acid  has  but  slight  affinity  for  bases.  The  hydratcd  acid  withdnwi 
from  alkaline  carbonates,  only  so  much  alkali  as  to  form  a  biacid  salt.  Telluric 
acid  forms  bibosic,  scsquibasic,  monobasic,  biacid,  and  quadracid  salts.  The  tel- 
lurates  are  colourless,  unless  they  contain  a  coloured  base.  At  a  red  heat,  tbej 
give  off  oxygen  and  are  converted  into  tellurites.  Before  the  blowpipe,  they 
behave  like  the  tellurites ;  also  with  reducing  agents,  such  as  protochloridc  of  tin, 
and  sulphurous  acid,  excepting  that  the  reduction  does  not  take  place  so  quicklT, 
and  in  some  cases  requires  the  application  of  heat.  Hydrosulphuric  acid,  addtHi 
to  the  solution  of  a  tollurate,  produces  no  change  at  first ;  but  if  the  liquid  be 
placed  in  a  stoppered  bottle  and  left  for  a  while  in  a  warm  place,  a  brown  precipi- 
tate of  sulphide  of  tellurium  is  formed.  Tellurates  dissolve  in  cold  stron;;  hjdn>- 
chloric  acid  without  decomposition.  The  solutions  are  not  yellow,  like  thctfc  of 
the  tellurites  in  hydrochloric  acid,  and  may  be  diluted  with  water  without  becomio^ 
milky,  even  though  the  excess  of  hydrochloric  acid  be  but  small.  But  on  boilin* 
the  solution,  chlorine  is  evolved,  and  the  liquid,  if  subsequently  mixed  with 
water,  gives  a  precipitate  of  tellurous  acid,  provided  the  excess  of  hydrochloric 
acid  is  not  too  great. 

Neutral  tellurate  of  potash  is  KO.TeOj+SHO;  the  hitcUurate  of  potaAj 
KO.TeA-HHO;  the  qnadritdlurate  of  potash,  KO.Te40„  +  4UO.  All  these 
palts  may  be  obtained  directly,  in  the  humid  way,  by  dissolving  the  proper  pro- 
portions of  hydratcd  acid  and  carbonate  of  potash  together,  in  hot  water.  A  por* 
tion  of  the  combined  water  in  the  last  two  salts  is  unquestionably  basic,  but  hov 
much  of  it  is  so  has  not  been  determined.  They  cannot  be  made  auhydrons  hj 
heat  without  being  essentially  altered  in  properties. 

The  neutral  tellurate  of  potish  undergoes  no  change  in  constitution  under  the 
influence  of  heat,  resembling  in  that  respect  those  tribasic  phosphates  of  which 
the  whole  three  atoms  of  base  are  fixed.  The  bitellurate  of  potash  loses  its  wiier 
and  becomes  yellow  at  a  temperature  below  redness,  and  is  changed  into  a  qusdri- 
tellurate,  which  is  insoluble  both  in  water  and  in  dilute  acids.  Water  dis^olTa 
out  neutral  tellurate  from  the  yellow  mass.  The  insoluble  salt  is  named,  by  Be^ 
xelius,  the  alpha-tjuadntcUurate  of  potash.  The  elements  of  this  compoood  uf 
united  by  a  powerful  affinity.  It  is  formed  when  hydrated  telluric  acid  is  inline 
tely  mixed  with  a  potash-salt,  such  as  nitre  or  chloride  of  potassium,  and  the 
mixture  calcined  at  a  temperature  which  should  be  much  below  a  red  heat:  ibo 
when  tellurous  acid  is  ignited  with  chlorate  of  potash,  and  in  other  cireumstinea. 
Hydrate  of  potash  dissolves  the  alpha-quadritellurate  by  fusion,  and  nitric  acid  bj 
a  long  continued  ebullition ;  but,  in  both  cases,  the  acid  set  free  in  the  solotioi 
exhibits  the  properties  of  ordinary  telluric  acid. 

TeUurefted  h/dro(/en,  Ili/drotelluric  addy  Tell,  is  a  gaseous  compound  of  Ul- 
lurium  and  hydrogen,  analogous  in  constitution  and  properties  to  sulphurettt^ 
hydrogen.  It  is  obtained  by  fusing  tellurium  with  zinc  or  with  tin,  and  actii)s:oi 
the  mixture  with  hydrochloric  acid. 

Definite  sulphides  of  fd/urium  have  been  obtained,  corresponding  with  telluMii 
and  telluric  acids.     They  are  sulphur-acids. 

Two  chlorides  of  tellurium  have  been  formed,  a  protochloridc,  TcCl,  io  whifh 
there  is  no  corresponding  oxide,  and  a  bichloride,  TcClj.  No  higher  chloriJ*, 
corresponding  with  telluric  acid,  has  been  obtained. 

Telluriuni  forms  alloys  with  several  metals,  e.  g.,  with  potassium,  fodiuo, 
aluminum,  bismuth,  zinc,  tin,  lead,  iron,  copper,  mercury,  silver,  and  gold.  &■( 
of  these  alloys,  as  those  of  bismuth,  silver,  and  gold,  are  found  native. 

Tdhiridc  of  potassium  is  prepared  by  mixing  1  part  of  tellurium  powdeririih 
10  parts  of  burnt  tartar;  introducing  the  mixture  into  a  porcelain  retort  fitted 
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with  a  glass  tabe  bent  downwards  at  right  angles ;  heating  the  retort  to  redness 
for  three  or  four  hours,  as  long,  indeed,  as  carbonic  oxide  continues  to  escape ; 
and  then  introducing  the  end  of  the  bent  tube  into  a  flask  kept  full  of  carbonic 
acid  gas,  to  prevent  access  of  air;  this  latter  precaution  is  necessary  on  account 
of  the  highly  pyrophoric  character  of  the  product  (Wohler).  The  compound 
may  also  be  obtained  by  heating  tellurium  with  potassium,  in  a  retort  filled  with 
hydrogen ;  combination  then  takes  place  attended  with  vivid  combustion.  Tellu- 
ride  of  potassium  dissolves  in  water,  forming  a  port- wine  coloured  solution,  which 
on  exposure  to  the  air.  becomes  decolorized,  and  deposits  tellurium  in  shining 
scales ;  with  acids  it  evolves  tcllurcttcd  hydrogen  gas.  Tclluridc  of  sodium  is 
prepared  by  similar  methods,  and  possesses  similar  properties. 

ESTIMATION  OF  TELLURIUM,  AND  METUODS   OF   SEI^ARATINQ  IT  FROM  THE  PRE- 
CEDING  METALS. 

When  tellurium  exists  in  solution  in  the  form  of  tellurous  acid  it  is  reduced  to 
the  metallic  state  by  sulphurous  acid  or  an  alkaline  bisulphite.  The  reduced  tel- 
lurium is  then  collected  on  a  weighed  filter,  and  carefully  dried  at  gentle  heat.  If 
the  solution  is  alkaline,  it  must  be  previously  acidulated  with  hydrochloric  acid ; 
if  it  contains  nitric  acid,  which  might  redissolve  a  portion  of  the  precipitate  tel- 
lurium, it  must  be  boiled  with  hydrochloric  acid  till  all  the  nitric  acid  is  decom- 
posed, then  diluted  with  water,  and  treated  with  sulphurous  acid  as  above.  If 
the  tellurium  is  in  the  state  of  telluric  acid,  that  compound  must  first  bo  reduced 
to  tellurous  acid  bv  boiling  with  hydrochloric  acid,  and  the  tellurium  then  reduced 
by  sulphurous  acid. 

Tellurium  may  be  separated  from  the  alkalies  and  earths,  and  from  manganese.^ 
irottf  cobalt,  nic/cei,  zinc,  and  chromium,  by  means  of  hydrosulphuric  acid.  If 
the  precipitated  sulphide  of  tellurium  is  quite  pure  and  definite,  it  may  be  col- 
lected on  a  weighed  filter,  dried  and  weighed,  and  the  amount  of  tellurium  calcu- 
lated from  it.  But  if  it  contains  excess  of  sulphur,  which  is  often  the  case,  it 
must  be  boiled  with  aqua-rcgia  till  it  is  completely  decomposed;  the  solution 
filtered  from  the  separated  sulphur;  freed  from  nitric  acid  in  the  manner  above 
described ;  and  the  tellurium  precipitated  by  sulphurous  acid. 

The  separation  of  tellurium  from  cadmium,  copper,  and  lead,  may  be  eficcted 
by  means  of  sulphide  of  ammonium,  in  which  the  sulphide  of  tellurium  is  easily 
Boluble.  The  filtered  solution  is  then  treated  with  excess  of  hydrochloric  acid  to 
precipitate  the  sulphide  of  tellurium,  which  is  then  decomposed  by  aqua-regia  as 
just  described.  Tellurium  may  be  separated  from  tin  in  solution  by  means  of 
Bulphurous  acid. 

The  quantity  of  metallic  tellurium  in  an  alloy  may  be  estimated  by  heating  the 
alloy  in  a  current  of  chlorine  gas ;  passing  the  volatile  chloride  of  tellurium  into 
water  acidulated  with  hydrochloric  acid^  which  dissolves  it;  and  reducing  the  tel^ 
lorium  by  sulphurous  acid. 

34 
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ORDER  VI. 

METALS   ISOMORPnOUS  \7ITH  PHOSPnORUS. 

SECTION  I. 

ARSENIC. 

Eq.  75  or  937-5. 

Tms  metal  is  found  native,  but  more  gcncrallj  in  combination  vi\x\\  otber  metals, 
particularly  cobalt  and  nickel,  and  is  largely  condensed,  durini;;  the  roastini:  of 
their  ores,  in  the  state  of  arsenious  acid.  The  metal  may  be  easily  obtained,  ia  a 
state  of  purity,  by  subliming  a  portion  of  native  arsenic  in  a  gla&i  tube  or  rvtort, 
by  the  heat  of  a  lamp,  or  by  reducing  a  mixture  of  one  part  of  arsenioua  aci<l  and 
three  parts  of  black  flux,  in  the  same  apparatus.  The  metal  in  couden.siug  funsi 
a  crust,  of  a  steel-grey  colour  and  bright  metallic  lustre.  It  has  been  observed  to 
crystallize  by  sublimation  in  rhombohedral  crystals,  and  is  i.«^omorphf  tus  with  tollv- 
rium  and  antimony.  It  is  a  brittle  metal,  and  very  easily  pulverized.  The  deosiiy 
of  arsenic  is  from  5  to  596.  It  rises  in  vapour  at  350°  (180°  Cent.)  withoat  fii>t 
undergoing  fusion.  Arsenic  vapour  is  colourless ;  its  density  is  10-370 ;  and,  like 
phosphorus  and  oxygen,  its  combining  measure  is  one  volume.  It  has  a«  ^trins; 
an  effect  upon  the  organ  of  smell  as  selenium ;  its  odour  resembles  that  of  ^lic: 
Arsenic  combines  in  three  proportions  with  oxygen,  forming  by  spontaneous  ozidft- 
tion  in  air  a  grey  sub-oxide,  the  composition  of  which  is  undetermined ;  it  iltt 
forms  arsenious  and  arsenic  acids,  AsO,  and  AsOs. 

ArscniQus  acid,  1)9  or  1237*5.  —  Tliis  compound  is  formed  when  metallio 
arsenic  is  volatilized  in  contact  with  the  air.  It  is  obtained  in  large  quantity,  m 
an  accessary  product,  in  the  roasting  of  arsenical  ores  of  tin,  cobalt,  and  nickd, 
and  as  principal  product  in  the  roasting  of  arsenical  pyrites.  These  operations  m 
performed  in  reverbemtory  furnaces,  conimuuicating  with  chambers  in  which  tU 
arsenious  acid  condenses.  The  product  is  puriiicd  hy  a  second  sublimatioo  it 
vessels  of  cast-iron,  or,  on  a  small  scale,  in  glass  or  earthen  rctons. 

Arsenious  acid  heated  in  a  tube  closed  at  both  ends  mcltjs  into  a  colonrloi 
liquid ;  but  under  the  ordinary  atmospheric  pressure,  it  volatilizes  at  about  38)' 
(at  444°  according  to  Mitchell),  without  previous  fusion,  producing  a  culvarl«fl 
vapour,  which  has  a  density  of  13-850,  and  is  therefore  composed  of  1  volume  d 
arsenic  vapour  and  3  volumes  of  oxygen,  condensed  into  1  volume.  The  raposr 
is  inodorous  when  pure,  but  if  the  acid  bo  volatilized  in  contact  with  any  i^asily 
oxidizable  substance,  as  when  it  is  thrown  on  red-hot  coals  or  iron,  the  gsrfic 
odour  of  metallic  arsenic  becomes  perceptible. 

In  the  solid  stite,  arsenious  acid  cxhihitd  three  modifications,  one  amor[>1M)■^ 
and  two  crystalline.  (1.)  When  the  sides  of  the  vessel  in  which  the  acid  is^ 
tilled  become  strongly  heated,  the  vapour  condenses,  at  a  tern pcrat are  ncir  tk 
melting  point  of  the  acid,  into  a  transparent  vitnums  mass,  having  a  euQcbuliil 
fracture.  (2.)  When  arsenious  acid  is  sublimed  in  a  glass  tube,  or  under  aij 
circumstances  which  allow  the  vapour  to  condense  suddenly,  and  solidify  it  ooMb 
without  passing  through  the  semi-fused  state,  it  assumes  the  form  of  regolarocft^ 
hcdrons,  which,  if  the  sublimation  be  slowly  conducted,  are  distinct,  aid  iM 
an  adamantine  lustre.  Similar  octohedral  crystals  are  obtained  when  amuM 
acid  separates  from  its  solution  in  water  or  in  ammonia.     (3.)  In  the  roMti^rf 
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•nenical  cobalt  ores,  arsenious  acid  is  sometimes  obtained  in  tbe  form  of  thin 
transparent  flexible  plates,  derived  from  a  right  rhombic  prism  (Wohler).  Crystals 
of  similar  form  are  obtained  by  saturating  a  boiling  solution  of  caustic  potash  with 
arsenious  acid,  and  then  leaving  it  to  cool,  or  mixing  it  with  water  (Pasteur). 
Vitreous  arsenious  acid,  even  when  completely  protected  from  air  and  moisture, 
gradually  foses  its  transparency,  and  becomes  an  opaque  white  mass,  passing  in 
&ct  into  the  octohedral  variety. 

The  specific  gravity  of  transparent  vitreous  arsenious  acid  is  8*7385,  that  of  the 
octohcdnd  variety  3*699  (Guibourt).  The  vitreous  acid  dissolves  in  water  more 
quickly  and  more  abundantly  than  the  opaque  crystalline  acid ;  the  same  quantity 
of  water  which  at  54°  or  55°  will  take  up  36  or  38  parts  of  the  former,  will  not  take 
up  more  than  12  or  14  of  the  latter  (Bussy).  According  to  Guibourt,  on  the  con- 
traiy,  100  parts  of  boiling  water  dissolve  9*68  parts  of  the  vitreous,  and  11-47  of 
the  opaque  acid ;  and  when  the  solutions  arc  left  to  cool  to  60°,  the  first  retains 
1'78  parts,  and  the  latter  2*9  parts  of  the  acid.  The  discrepancy  of  these  state- 
ments and  of  various  others  respecting  the  solubility  of  arsenious  acid,  may  per- 
haps be  reconciled  by  the  great  facility  with  which  the  amorphous  variety  passes 
into  the  cr}'stalline,  and  vice  vend.  It  appears  indeed  that  heat  tends  to  trans- 
form the  opaque  into  the  vitreous  acid,  and  cold  to  produce  the  contrary  change, 
and  this  tendency  is  manifested  even  in  presence  of  water.  Thus  the  opaque  acid 
ifl  converted  into  the  vitreous  by  long  boiling  with  water,  the  contrary  change 
taking  place  gradually  in  the  solution  when  cold. 

The  aqueous  solution  of  ;irsenious  acid  is  transparent  and  colourless,  and  red- 
dens litmus  slightly.  Hi/drosulphuric  acid  colours  it  yellow,  and  on  the  addition 
of  hydrochloric  acid  throws  down  a  yellow  precipitate  of  AsS,.  On  the  addition 
of  a  small  quantity  of  ammonia,  it  gives  a  yellow  precipitate  with  nitrate  of  silver ^ 
and  a  peculiar  light  green  (Scheele's  green)  wi(!h  sulphate  of  copper ;  these  pre- 
cipitates arc  easily  soluble  in  excess  of  ammonia.  Mixed  with  hydrochloric  acid 
it  produces  a  grey  metallic  deposit  on  copper.  With  zinc  and  sulphuric  or  hydro- 
chloric acid,  it  evolves  arseniurettcd  hydrogen  gas  (p.  533). 

Arsenious  acid  dissolves  in  many  acids,  in  hydrochloric  acid  for  example,  with 
mnch  greater  facility  than  in  water,  but  without  forming  any  definite  compounds. 
It  is  dissolved,  however,  by  bitartrate  of  potash,  with  formation  of  a  crystallizable 
Bait  analogous  to  the  potash-tartrate  of  antimony.  The  vitreous  acid  dissolved  in 
boiling  dilute  hydrocliloric  acid  crystallizes  on  cooling  in  regular  octohcdrons,  the 
deposition  of  each  crystal  being  accompanied  by  a  flash  of  light.  Agitation 
increases  the  number  of  crystals  produced,  and  the  intensity  of  the  light.  The 
opaque  acid  dissolved  in  hydrochloric  acid  does  not  emit  any  light  on  crystallizing; 
the  same  is  the  case  with  the  crystals  obtained  by  cooling  a  solution  of  the  vitre- 
ous acid  in  hydrochloric  acid,  when  these  cr}'stuls  are  redissolved  in  hydrochloric 
acid.  Ilcnce  it  appears  that  the  vitreous  acid  dissolves  as  such  in  hydrochloric 
acid,  and  that  the  emission  of  light  at  the  moment  of  crystallization  is  due  to  the 
change  from  the  amorphous  to  the  crystalline  state. 

Arsenious  acid  is  dissolved  by  potasJi,  soda,  and  ammonia,  also  by  alkaline 
carbonatesy  but  from  these  latter  solutions  it  is  sometimes  deposited  in  the  free 
state,  so  that  it  is  doubtful  whether  arsenious  acid  displaces  carbonic  acid  in  the 
humid  way.  The  arsenites  of  the  earths  and  metallic  oxides  are  insoluble  in  water, 
but  soluble  in  acids. 

Vf\i\i  potash,  arsenious  acid  forms  the  salts  2K0 .  AsOj,  KG .  AsOs,  and  KO . 
HO.2ASO3;  similar  salts  with  soda.  With  baryta,  it  forms  2BaO.  AsOs,  a°d 
BaO.AsOs;  and  with  lime,  2CaO.As03.  With  nickel,  cobalt,  and  silver,  it 
forms  bibasio  and  sesquibasio  salts. 

The  neutral  solutions  of  the  alkaline  arsenites  give  a  yellow  precipitate  with 
nitrate  of  silver ,  and  Scheele's  green  with  copper  salts.  Acidulated  with  hydro- 
chloric acid,  they  give  with  hydrosulphuric  acid,  &c.,  the  same  reactions  aa 
aqucoQB  arsenioos  acid. 
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Kitric  acid  and  aqua  rcjia  tr&Dsform  arscnioos  into  arsenic  acid.  /^Jrr^, 
charcoal,  and  other  reducing  agents  easily  reduce  it  to  the  metallic  state. 

Arsenious  acid  has  a  rough  taste,  slightly  metallic,  and  afterwards  svcctlbh.  It 
is  one  of  the  most  violent  among  acrid  poisons. 

The  principal  industrial  use  of  arsenious  acid  is  in  calico-printing;  it  i<^  aU) 
used  in  glass-making,  serv'ing  to  transfonn  the  protoxide  of  iron  into  ses^^uioxi-ii, 
which  produces  glasses  less  highly  coloured  than  the  protoxide. 

Ararnic  nridy  ASO5, 115  or  1437'5. — This  acid  is  obtained  by  hcatin's  puwdi.r;i 
arsenious  acid  in  a  basin  with  an  equal  quantity  of  water,  and  adding  nitric  j^li 
in  small  quantities  to  the  mixture  at  the  boiling  point,  so  long  as  ruddy  I'ua.cs 
escape.  An  addition  of  hydrochloric  acid  to  the  water  is  genemllv  LiaJi*,  to 
increase  the  solubility  of  the  arsenious  acid,  but  it  is  not  absolutely  nccL^^arr. 
The  solution  of  arsenic  acid  is  then  evaporated  to  dryness,  to  expel  the  ny.-iain;; 
nitric  and  hydrochloric  acids ;  but  the  diy  mass  must  not  be  heat^-d  ab^ve  tie 
melting  point  of  lead,  otherwise  oxygen  gas  is  emitted  and  arsenious  jicid  rcpr> 
duced.  Arsenic  acid  thus  obtained  is  milk-white,  and  contains  no  watvr.  Ex- 
posed to  air,  it  slowly  deliquesces,  and  runs  into  a  liquid.  But  notwitL>UDdi&^ 
this,  when  strongly  dried,  it  does  not  dissolve  completely  in  water  at  once,  and  3 
portion  of  it  appears  to  bo  insoluble;  but  the  whole  is  dissolved  by  couticucd 
digestion.  Arsenic  acid,  in  absorbing  moisture  from  the  air,  sometimes  fckras 
hydrated  crystals,  which  are  highly  deliquescent;  but  this  acid  is  easily  Kii- 
anhydrous,  and  does  not  retain  basic  water  with  force,  like  phosphoric  aeiJ.  Iw 
solution  has  a  sour  taste,  and  reddens  vegetable  blue%  Arsenic  acid,  iude^d.  bi 
strong  acid,  and  with  the  aid  of  heat  expels  all  the  volatile  acids  frum  their  cxst- 
binations.  Arsenic  acid  undergoes  fusion  at  a  red  heat,  and  at  a  higher  t«;aipci> 
ture  is  completely  dis.sipated  in  the  form  of  arsenious  acid  and  oxygen. 

When  an  equivalent  uf  arsenic  acid  is  ignited  with  an  excess  of  carbi-nalc  i-f 
soda,  three  equivalents  of  carbonic  acid  arc  expelled,  and  a  friltn/iir,  arsthiatr  of 
soda  formed,  which  when  dissolved  in  water,  crj'stallizcs  with  -4  equivalcuts  d 
water,  forming  the  salt  8NaO.  AsOs  +  24110,  isomoryihous  with  the  subphteipliite 
of  soda.  Tiie  same  salt  is  obtained  by  treating  arsenic  acid  in  solutiuo  with  aa 
excess  of  caustic  soda.  When  carbonate  of  soda  is  added  to  a  hot  solution  ii 
arsenic  acid,  so  long  as  there  is  efTcrvesccnce,  a  salt  is  obtained  by  eva^>oratiua  ^.t- 
responding  with  the  common  phosphz^  of  soda,  contaiuiu<^  2  eq.  of  soiia  and  1 
eq.  of  water  as  bases.  This  salt  atlects  the  same  two  multiples,  in  its  ystuxd 
crystallization,  as  phosphate  of  soda,  namely,  24IIO  and  14110,  but  most  fr«- 
queutly  assumes  the  smaller  pro^K^rtion,  forming  the  salt  2XaO .  IIO .  AsO;  -j-  14B0. 
This  arscniate  Ls  more  soluble  than  the  phosphate,  and  slightly  deliqui.:se<:Dt  in 
damp  air.  When  to  the  last  salt  a  quantity  of  arsenic  acid  is  added  equal  to  tint 
which  it  alread}'  contains,  and  the  solution  is  highly  concentrated,  the  salt  naffloi 
hiarsrru'afe  0/ soihi  crystallizes  at  a  low  temperature.  This  salt  contains  1  e»^.  rf 
soda  and  2  ctj.  of  water  as  bases,  with  2  eq.  of  water  of  crystallization,  and  C'TT* 
ponds  with  the  biphosphate  of  soda.  Its  formula  is  NaO.2iIO.AsO5  +  2UC^ 
The  biarscnuite  0/ ^totash,  which  is  analogous  in  composition,  is  a  highly  cmt«J- 
lizablo  salt.  It  is  sometimes  prepared  by  deflagrating  arsenious  acid  with  an  e*]ai! 
weight  of  nitrate  of  potash.  These  arseniates  of  the  alkalie.«i,  which  contaia  niiif 
as  base,  all  lose  that  element  at  a  red  heat;  but,  unlike  the  phosphates,  they  iwiyvtf 
it  when  redissolvcd  in  water.  Arsenic  acid,  therefore,  forms  only  one,  and  tlut* 
tribasic  class  of  salts.  The  arseniates  of  the  earths  and  other  metallic  oxidtf^* 
insoluble  in  water,  but  soluble  in  acids.  Arscniate  o/si/irr  (oAgO.  AsUijM' 
as  a  precipitate  of  a  chocolate-brown  colour,  when  nitrate  of  silver  is  added  totbf 
solution  of  an  arscniate,  and  aiTords  an  indication  of  the  presence  of  ancoieaoi* 
On  treating  a  solution  of  arsenic  acid  with  ammonia  in  excess,  chioridt  ufc»9^ 
niuin,  and  sulphate  of  magnesia j  a  white  crystalline  precipitate  is  fonued,  co»irt» 
ing  of  arscniate  of  magnesia  and  ammonia,  2Mg0.jVH40.  AsOj  +  12 Ao-,**®"^ 
in  appearance  and  analogous  in  constitution  to  the  ammuaiu-magQesian  poogp>»* 
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osulphuric  acnf  produces  a  yciIow  precipitate  of  AsSj  after  a  considorablc 
but  if  the  solution  be  previously  mixed  with  sulphurous  acid,  which  reduces 
senic  acid  to  arsenious  acid;  a  precipitate  of  AsS,  is  iinmediatclj  produced. 

Iph  ides  of  arsenic^  y^^hen  the  bisulphide,  realgar,  is  digested  in  cdustio 
1,  it  gives  off  sulphur  and  leaves  a  brownish  black  powder,  haying  some 
blance  to  bioxide  of  lead,  which,  according  to  ]3crzclius,  is  the  sulphide  As^S. 
pJti'Je  of  arseniCj  AsSg,  is  obtained  by  fusing  sulphur  with  an  excess  of 
c  or  arsenious  acid.  It  is  transparent  and  of  a  fine  ruby  colour  after  cooling, 
nay  be  distilled  without  decomposition.  It  forms  the  crystalline  mineral 
ir.  Sulpharsenious  acid,  or  orpimenty  AsS„  also  occurs  native.  It  may  bo 
red  by  decomposing  a  solution  of  arsenious  acid  in  hydrochloric  acid, 
sulphuric  acid,  or  by  an  alkaline  sulphide.  This  sulphide  has  a  rich 
r  culourj  and  is  the  basis  of  the  pigment  called  kim/s  yellow.  It  is 
:ble  in  acids,  but  soluble  to  a  small  extent  in  water  containing  hydrosul- 
c  acid,  and  also  in  pure  water,  but  is  precipitated  by  ebullition  with 
e  hydrochloric  acid.  \Vhen  heated,  it  fuses  readily  and  becomes  crystalline 
oling.  It  is  readily  dissolved  by  ammonia  and  solutions  of  the  fixed  alkalies, 
i  indeed  a  powerful  eulphur-acid.  Sulpharsenic  acid,  AsSs,  falls  as  a  yellow 
jitate,  having  much  the  appearance  of  orpiment,  when  a  solution  of  arsenic 
somewhat  concentrated  is  decomposed  by  hydrosulphuric  acid.  It  may  be 
Dcd  without  change,  and  after  cooling  forms  a  non-crystalline  mass.  It  is 
I  powerful  sulphur-acid,  forming  salts  called  sulpharseniates,  PersuIpJiide 
ienicj  Ai*S,9,  is  obtained  by  precipitating  neutral  solution  of  sulpharseniate  of 
iium  with  alcohol,  filtering  the  liquid,  and  evaporating  off  two-thirds  of  tho 
)1 ',  the  concentrated  solution,  when  left  to  cool,  deposits  the  persulphide  of 
ic  in  shining  yellow  crystalline  laminae. 

lon'de^  of  arsenic. — A  tervhloride,  AsCls,  corresponding  with  arsenious  acid, 
med  when  arsenic  is  introduced  into  chlorine  gas,  in  which  it  takes  firo  and 
spontaneously.  The  same  compound  is  obtained  by  distilling  a  mixture  6i 
t  of  arsenic  with  6  parts  of  corrosive  sublimate;  also  by  distilling  arsenious 
irith  excess  of  hydrochloric  acid,  or  of  common  salt  and  sulphuric  acid.  It 
jlourless,  oily,  and  very  dense  liquid,  wliich  is  resolved  by  water  into  arsenious 
ydrochloric  acids.  When  a  mixtuFe  of  arsenic  and  calomel  is  distilled,  a 
brown  sublimate  is  formed,  consisting  partly  of  IlgaOlAs,  partly  of  llg^ClAs. 
bloride  corresponding  with  arsenic  acid  is  known.  Bromide  of  arsenic^ 
I,  is  formed  by  the  direct  combination  of  its  elements.  Iodide  of  arsenic^ 
is  formed,  according  to  Plisson,  by  digesting  3  parts  of  arsenic  with  10  of 
J  and  100  of  water,  as  long  as  the  odour  of  iodine  is  perceived.     The  liquid 

by  evaporation  red  crystals  of  the  iodide.     Fluoride  of  arsenic y  AsF,,  is 
icd  by  distilling  a  mixture  of  fiuor  spar  and  arsenious  acid  with  sulphuric 

It  is  a  fuming,  colourless  liquid ;  the  density  of  its  vapour  is  2730  (Un- 
rben). 

icnic  and  hydrogen.  —  A  solid  arsenide  of  hydrogen  was  obtained  by  Davy, 
ing  metallic  arsenic  as  the  negative  pole  (the  chloroid)  in  decomposing 
Gay-Lussac  and  ThC^nard  have  also  shown  that  the  same  compound  pre- 
bes  when  arsenide  of  potassium  is  dissolved  in  water.  It  is  a  chestnut-brown 
;r,  which  may  be  dried  without  change.  Its  composition  has  not  been 
nined  with  accuracy.  Arseniuretted  hydrogcUy  Asilj,  a  gas  analogous  in 
tution  to  ammonia,  is  obtained  by  dissolving  arseniate  of  potassium  or  sodium 
ter,  or  an  alloy  of  equal  parts  of  zinc  and  arsenic  in  sulphuric  acid  diluted 
three  times  its  weight  of  water;  or  again,  when  zinc  dissolves  in  hydro- 

0  or  dilute  sulphuric  acid,  with  which  arsenious  acid  is  mixed  : 

6Zn  4-  3H0  +  AsO,  +  CSO,  =  C(ZnO.SO,)  4-  AsII,. 

1  dangeroiis  poisoD;  when  inhaled  even  in  the  most  minute  quantity,  and 
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should,  therefore,  be  prepared  with  the  greatest  caution.     The  density  of  thi?  gai 
is  2095  (Dumas).     It  is  liquefied  by  a  cold  of  — 40**.     When  ptoa^d  thronsba 
glass  tube  heated  to  redness  by  a  spirit  lamp,  it  is  decomposed  and  deposits  ne^ 
tallic  arsenic.     The  flame  of  this  gas,  when  burned  in  air,  also  dcposiu  mttsHXx 
arsenic  upon  a  cold  object  exposed  to  it.     No  combination  of  areeniuretted  hy- 
drogen is  known  with  either  acids  or  bases.     It  precipitatos  many  of  the  DicUliie 
solutions  which  are  precipitated  by  bydrosulphuric  acid,  but  not  oxide  of  Ivad.  iti 
hydrogen  alone  being  oxidated,  and  the  arsenic  being  precipitated  in  combinatiija 
with  the  metM.     From  the  salts  of  silver,  gold,  platinum,  and  rhadinm,  it  prtciri- 
tates  the  metals,  while  arscnious  acid  remains  in  solution.     This  gas,  whon  yjiK,  is 
completely  absorbed  by  a  solution  of  sulphate  of  copper,  and  AsCu^  precipitated. 

TESTING  FOR  ARSENIC. 

Poisoning  from  arscnious  acid  is  much  more  frequent  than  from  any  other  sab- 
stance.  Hence,  a  more  than  usual  degree  of  importance  is  attached  to  the  mc<iii 
of  detecting  the  presence  of  arsenic  in  minute  quantity.  Of  the  different  prepa- 
rations of  the  metal,  arsenic  acid,  and  after  it  arscnious  acid,  are  the  most  pL>i«on- 
ous ;  the  salts  and  sulpliides  are  so  in  a  much  less  degree.  Arsenions  acid  in  the 
solid  form  and  unmixed  with  foreign  matters,  is  easily  recognized  as  a  white  hcixj 
powder,  which  is  tasteless  or  nearly  so,  \s  entirely  volatilized  by  heat,  and  diffiuei 
a  garlic  odour  in  the  reducing  flame  of  a  lamp.  AVhen  dissolved  in  wattT,  i**^ 
nious  acid  may  be  detected  by  the  fluid  tests,  already  mentioned  (p.  531).  Tne 
silver  and  copper  tests  arc  most  conveniently  applied  in  the  following  formal. 

1.  Ammonio-nitratc  of  jiVirr.— This  is  an  exceedingly  delicate  test  of  arsenii>« 
acid,  whether  free,  or  in  combination  with  an  alkali.  It  is  prepared  by  addia; 
diluted  ammonia  to  a  solution  of  nitrate  of  silver,  till  the  oxide  of  silver,  which  ii 
first  thrown  down,  is  redissolved.  When  the  ammonia  has  been  added  in  proper 
quantity  and  not  in  excess,  the  odour  of  that  substance  is  scarcely  perceptible, , 
and  the  liquid  contains  in  solution  the  crystallizable  ammonio-nitrate  of  silver, 
AgO.NO;j.2NH3.  This  test-liquid  throws  down  from  arscnious  acid,  the  jeUov 
arsenite  of  silver,  which  is  redissolved  both  by  acids  and  by  ammonia.  A  sob- 
tion  of  nitrate  of  silver  gives  the  same  indication  as  the  prepared  ammonio-nitnle 
in  an  alkaline  but  not  in  an  acid  solution  of  arscnious  acid.  Nitrate  of  &ilnr 
produces,  in  phosphate  of  soda  or  any  other  soluble  pha«>phate,  &  yellow  pivcipi- 
tatc  of  phosphate  of  silver  of  the  same  colour  as  the  arsenite  of  silver,  and  which 
might,  therefore,  be  mistaken  for  the  latter;  but  the  action  of  the  ammonia 
nitrate  is  not  liable  to  that  ambiguity,  as  it  does  not  produce  a  yellow  precipititft 
in  an  alkaline  solution  of  phosphoric  acid,  the  phosphate  of  silver  being  then  r^ 
taincd  in  solution  by  the  ammonia  of  the  reagent,  although  arseniatc  uf  silver  ii 
precipitated  in  the  same  circumstances.  Both  phosphate  and  arsenbte  of  silver 
are  indeed  considerably  more  soluble  in  ammonia  than  the  arsenite  of  the  mu 
metal. 

2.  AmmontO'SuIphate  of  copper  gives  a  beautiful  green  precipitate,  the  arKBiM 
of  copper,  in  both  alkaline  and  acid  solutions  of  arscnious  acid ;  sulphate  of 
copper  gives  tlic  same  precipitate  in  the  former,  but  not  in  the  latter. 

But  in  solutions  containing  organic  matter,  the  indications  of  these  tests  nt 
sometimes  delusive,  and  often  doubtful.  Recourse  is  then  had  to  the  proptf 
means  of  obtaining  arsenic  in  the  metallic  form,  from  the  liquid  suspected  to  coi* 
tain  arscnious  acid.  Indeed,  even  where  the  indications  of  the  fluid  tctli  w 
clear,  the  reduction  test  should  never  bo  omitted,  the  evidence  which  it  aftidi 
being  of  a  superior  and  completely  demonstrative  character.  The  rcdnctioB  tflt 
of  arsenic  is  practised  in  two  different  ways  :  (1)  by  the  reduction  of  the  sa^pUfc 
of  arsenic  by  means  of  charcoal  and  carbonate  of  potash,  and  (2)  by  the  prufci 
tion,  and  suosequent  decomposition  of  the  gaaeons  compound  of  aivcnie  and  h^ 
drogen.  The  following  operations  are  noccssaiy  in  the  practice  of  the  iol 
method : — 
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REDUCTION  T£8T*0F  ARSENIC. 

I.  Preparation  of  the  fluid : 

1.  Heat  the  mass  with  about  one*fourth  of  its  weight  of  strong  sulphuric 
acid  in  a  retort,  to* which  is  adapted  a  receiver  having  its  inner  surface 
wetted,  till  the  organic  matter  is  carbonized. 

2.  Pulverize  the  residue,  and  treat  it  with  nitric  acid  mixed  with  a  littlo 
hydrochloric  acid,  in  order  to  bring  the  arsenic  to  the  state  of  arsenic 
acid,  which  is  easily  soluble. 

3.  Boil  with  water;  filter;  and  mix  the  filtrate  with  the  liquid  in  the  re- 
ceiver.* 

II.  Precipitation  of  the  sulphide  of  arsenic : 

1.  Transmit  a  stream  of  hydrosulphuric  acid  gas  through  the  liquid  for 
half  an  hour.f 

2.  Heat  the  liquid  in  an  open  vessel  for  a  few  minutes,  to  cause  the  pre- 
cipitate to  separate. 

3.  Wash  the  precipitate  by  afifusion  of  water  acidulated  with  hydrochlorio 
acid,  and  subsidence. 

4.  Dry  the  precipitate  at  a  temperature  not  exceeding  300^. 

HI.  Kcduction  of  the  sulphide  of  arsenic : 

1.  Mix  the  dried  precipitate  intimately  with  twice  its  bulk  of  dry  black 
flux  (carbonate  of  potash  and  charcoal),  or  with  a  mixture  of  pounded 
charcoal  and  dry  carbonate  of  soda,  or  with  cyanide  of  potassium,  and 
heat  to  redness  in  a  glass  tube,  of  the  form  and  size  of  a  or  6,  exhibited 
below. 
*  2.  Ilcat  slowly  a  particle  of  the  metallic  crust  in  a  glass  tube  c,  and 
observe  the  formation  of  a  white  crystalline  sublimate  of  arscnious  acid. 
3.  Dissolve  the  sublimate  in  a  small  quantity  of  boiling  water,  and  test 
with  ammouio-nitrate  of  silver,  &c.,  as  above 

Fig.  198. 
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Jdarih'i  test,  —  Hydrogen  cannot  be  evolved  in  contact  with  any  preparation  of 
arscDic,  soluble  or  insoluble,  without  combining  with  the  metal,  which  is  thus 
removed  from  the  liquor,  in  the  form  of  arscniurctted  hydrogen  gas.  Mr.  Marsh 
has  founded,  upon  this  fact,  a  simple  and  elegant  mode  of  obtaining  metallic 
arsenic  from  arsenical  liquors.  The  stopcock  being  removed  from  the  bulb- 
apparatos  represented  in  the  figure,  a  fragment  of  zinc  is  placed  in  the  lower  bulb, 

*  This  18  the  modo  of  preparation  most  generally  Adopted,  and  it  is  applicable  to  all  cases 
of  Bearching  for  mineral  poisons.  Another  method,  which  is  especially  applicable  when  the 
natter  to  be  examined  contains  a  large  quantity  of  fat,  is  to  heat  the  mass  with  strong  hj- 
droehlorio  aoid,  or  nqua-regia,  in  a  large  retort ;  the  greater  part  of  the  arsenic  is  then  con- 
verted into  chloride,  and  may  be  collected  in  a  receiver  containing  water. 

f  As  the  arsenic  in  in  the  state  of  arsenic  acid,  it  is  best  to  mix  the  liquid  with  sulpha* 
rom  acid  before  passing  the  hydrosulphuric  acid  gas  through  it 
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and  diluted  sulphuric  acid  poured  uf^on  it.     The  stopcock  beinj:  replaced  mi 
closed,  the  lower  bulb  is  soon  filled  with  hydrogen  gas,  and  the  acid  liquid  forwd 

into  the  upper  bulb.  It  is  necessary  to  test  this  hydrojrcn  fw 
arsenic,  which  will  be  found  in  jt,  if  the  zinc  itself  coatutt 
that  metal.  The  gas  for  this  purpose  is  kindled  at  the  st(>p- 
cock  and  allowed  to  bum  with  a  small  fiauie.  If  a  stooeware 
plate  be  depressed  upon  the  flame,  a  black  .«;pot  of  5t«l-g;rcy 
colour  and  bright  metallic  lustre,  is  formed,  in  a  few  seconds, 
upon  the  surface  of  the  plate,  supposing  the  gas  to  ontaia 
arsenic ;  or  if  a  cold  piece  of  glass  be  held  over  the  flame,  at 
a  small  height  above  it,  a  white  sublimate  of  ar-^onii-a^  add 
condenses  upon  the  glass.  But  if  the  zinc  employed  oontaiDS 
no  arsenic,  neither  of  these  eflccts  is  produced.  The  zir.e 
being  proved  to  be  free  from  arsenic,  a  portion  of  tlu^  li'iuor 
to  be  tested  is  introduced  into  the  lower  bulb,  in  ndJirijo  to 
the  acid  and  zinc  already  there ;  and  when  the  buib  i^  i:niB 
filled  with  hydrogen  gas,  the  latter  is  burned  and  exaniiued 
precisely  as  before.  If  the  liquor  is  loaded  with  omaic 
matter,  as  generally  happens  with  the  liquids  submitted  to 
examination  in  actual  cases  of  poisoning,  the  gas  may  bo  fi!Icd 
with  froth,  and  the  evolution  of  it  very  slow.  But  in  the  course  of  a  night,  the 
gas  is  generally  obtained  in  suflBcient  quantity,  and  in  a  proper  state,  to  pomiit  of 
examination.  It  is  much  better,  however,  first  to  remove  the  org;inic  matter  bj 
one  of  the  methods  above  given ;   the  gas  is  then  evolved  freely  and  wiibort 

frothing,  and  a  plain  bottle  with  a  cork  aoi 
glass  jet  will  be  sufficient  fur  this  rodoctioo 

experiment.     Then   also,  instead   of  humicg 

the  gas  at  the  jet,  it  may  be  allowed  to  c?npe 

by  a  horizontal  tube,  such  as  that  in  fisrure  I9S, 
a  portion  of  which  is  heated  to  n^dnc*:*  bji 
spirit  lamp.  The  arsenic  condenses  within  tif 
tube,  beyond  the  flame  and  nearer  the  apertoR^ 
and  forms  a  metallic  crust,  which  may  be  om* 
verted  by  sublimation  into  arscnious  acid;  tk 
sublimate  may  then  be  dissolved  in  a  5Ba!l 
quantity  of  boiling  water,  and  the  *i>!ati3i 
tested  with  ammonio-nitrate  of  silver,  £c.ii 
before. 

When  the  liquid  examined  contains  le- 
mony, that  metal  combines  with  the  Discert 
hydrogen,  and  comes  off  as  antimoniuretted  hydrogen,  a  gas  which,  ^^ 
burned,  or  heated  in  a  glass  tube,  gives  the  metal  and  a  white  sublimate,  ia  t^ 
same  circumstances  as  arsenic  (L.  Thompson).  Antimony,  however,  naj^ 
recognised  by  a  peculiarity  of  its  reduction  in  the  ignited  tube.  This  niful  * 
deposited  in  the  tube,  on  both  sides  of  the  heated  portion  of  it,  and  closer  to  i* 
flame  than  arsenic,  owing  to  the  inferior  volatility  of  antimony.  The  whitest 
limate  also,  if  dissolved  in  water  containing  a  drop  of  ammonia,  will  not  prev 
proper  indications  with  the  fluid  testa  of  arsenic,  if  the  metal  be  aDtindBy- 
Another  distinction  is,  that  the  arsenical  deposit  is  soluble  in  hypochlorito  d^ 
whereas  the  antimonial  deposit  is  not. 

Antithfcs  to  arscni'ota  acid. — When  hydrated  sepquiozide  of  iron  is  Bn>* 
with  a  solution  of  arsenious  acid  to  the  consistence  of  a  thin  paste,  a  reaction  oee0 
by  which  the  arsenious  acid  disappears  in  a  few  minutes,  and  the  mass  ccais  ^ 
be  poisonous.  The  areenious  acid  takes  oxygen  from  the  sesquioxide  of  iroOf  i" 
becomes  arsenic  acid,  while  the  sesquioxide  of  iron  is  redaced  to  proCoxide|ipH^ 
arseniatc  of  iron  being  the  result;  which  is  insoluble  and  inert : 
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2F€,0j  +  A8O3  =  4FcO  .  ASO5. 

The  constitution  of  this  araeniate  of  iron  is  probably  2FeO .  IIO .  AsO;  +  2FeO. 
Sesqnloxidc  of  iron,  when  \Lscd  as  an  antidote  to  arscnious  acid,  should  be  in  a 
gelatinous  state,  as  it  is  obtained  by  precipitation,  without  dryinp:.  It  luay  be 
prepared  extemporaneously,  by  adding  bicarbonate  of  soda  in  excess  to  any  tincture 
or  red  solution  of  iron.  Calcined  magnesia  may  likewise  be  used  as  an  antidote 
to  arsenic.  Care  should  be  taken  in  preparing  the  latter  not  to  employ  too  great 
a  heat,  which  would  render  it  very  dense,  and  cause  it  to  combine  but  slowly  with 

the  arscnious  acid. 

■ 

ESTIMATION  OF  ARSENIC^   AND   METHODS   OF   SEPARATING  IT   FROM   THE 

PRECEDING   METALS. 

When  arsenic  is  contained  in  a  solution  entirely  in  the  form  of  arsenic  acid,  the 
best  mode  of  estimating  it  is  to  precipitate  it  in  the  form  of  ammonio-magnesian 
arseniate,  2MgO  .  NII4O  .  AsOj  +  12110.     Tlie  solution  is  mixed  with  excess  of 
ammonia,  and  then  with  sulphate  of  magnesia,  to  which  a  quantity  of  chloride  of 
ammonium  has  been  added,  sufficient  to  prevent  the  precipitation  of  the  magnesia 
by  ammonia.    The  liquid  is  then  left  to  stand  for  about  twelve  hours ;  the  precipi- 
tate collected  on  a  weighed  filter;  washed  with  water  containing  ammonia;  and 
dried  over  sulphuric  acid  in  vacuo  at  ordinary  temperatures ;  it  has  then  the  com- 
position expressed  by  the  above  formula.     It  may  also  be  dried,  and  more  expe- 
ditiously, by  exposing  it  to  a  temperature  of  exactly  212°  F.,  whereby  it  loses 
11  cq.  of  water,  and  is  reduced  to  2MgO.NII4O.AsO5  +  IIO.     Exposure  to  a 
higher  temperature  occasions  loss  of  arsenic. 

If  the  liquid  contains  arscnious  acid,  that  compound  may  be  converted  into 
vsenic  acid  by  mixing  the  solution  with  hydrochloric  acid,  and  adding  chlorate 
of  potash  by  small  quantities.  The  vessel  must  be  left  in  a  moderately  warm  place 
till  the  odour  of  free  chlorine  has  entirely  disappeared.  Aqua  regia  may  also  be 
lued  to  effect  the  oxidation,  but  it  is  less  convenient.  In  either  case,  the  liquid 
mast  be  considerably  diluted  with  water,  otherwise  part  of  the  arsenic  will  be  con- 
verted into  chloride,  and  volatilized.  It  is  bcKtt,  perhaps,  to  perform  the  oxidation 
in  a  capacious  retort  having  a  receiver  adapted  to  it. 

Argenious  acid  may  also  be  estimated  by  its  action  on  terchloride  of  gold.  The 
yraenious  acid  is  thereby  converted  into  arsenic  acid,  and  gold  is  precipitated 
m  the  metallic  state.  The  quantity  of  gold  thus  reduced  gives  the  quantity  of 
■'scnious  acid  present : 

2AUCI3  +  GHO  +  SAsOs  =  2Au  +  GUCl  +  SAsOj. 

^c  gold  solution  used  for  the  purpose  is  the  sodio-chloride,  or  amnion io-chloride 
®'  gold.  It' must  be  free  from  nitric  acid ;  but  the  presence  of  hydrochloric  acid, 
*^en  iQ  large  excess,  does  not  interfere  with  the  action.  The  liquid,  after  the 
Edition  of  the  arsenic  solution,  must  be  left  to  itself  for  a  considerable  time  to 
^^ble  the  gold  to  settle  down  completely. 

^hen  arsenic  and  arscnious  acids  exist  together  in  solution  the  former  may  be 
Palpitated  as  ammonio-magnesian  arseniate  (a  considerable  quantity  of  sal- 
•^nioniac  being  added  to  prevent  the  simultaneous  precipitation  of  the  arscnious 
*^d);  the  arscnious  acid  converted  into  arsenic  acid  by  oxidation  with  chlorate  of 
Potash  and  hydrochloric  acid,  and  then  precipitated  in  a  similar  manner;  or  the 
^'Scnions  acid  may  be  estimated  by  chloride  of  gold,  as  last  described. 

The  separation  of  arsenic  in  solution  from  the  alkalies,  earths,  and  those  metals 
^hich  are  not  precipitated  from  their  acid  solutions  by  hydrosulphuric  acid,  is 
^ected  by  passing  a  stream  of  that  gas  through  the  acid  liquid  for  a  considerable 
^me,  then  leaving  it  to  stand,  and  heating  it  gently  to  ensure  the  complete  pre- 
cipitation of  the  sulphide  of  arsenic.     If  the  arsenic  is  in  the  form  of  arscnio 
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acid,  tliat  compound  must  be  previously  reduced  to  arseuious  acid  by  moan?  of 
sulphurous  acid.     The  tcrsulphide  of  arsenic  is  collected  on  a  wci;^hed  tiUer, 
thoroughly  washed,  and  dried  at  a  moderate  beat.     If  quite  pure,  it  may  b: 
weighed  with  the  filter,  and  the  quantity  of  arsenic  thereby  dirvctly  detenuincti. 
But  as  it  almost  always  contains  an  excess  of  sulphur,  it  is  bettor  to  take  a  ▼ei.'hei 
quantity  of  it  from  the  filter,  oxidize  it  in  a  capacious  flask  by  means  of  dtIu:o 
hydrochloric  acid  and  chlorate  of  potash,  continuing  the  operation  till  tbo  <m'atcr 
part  of  the  sulphur  is  converted  into  sulphuric  acid,  and  the  remainder  colk'cL«  at 
the  bottom  of  the  liquid  in  a  compact  yellow  globule ;  then  decant  the  liifuiJ, 
wash  the  globule  of  sulphur,  and  weigh  it ;  and,  finally,  estimate  the  quantity  of 
sulphur  in  the  solution  by  precipitation  with  chloride  of  barium,  addin>i  the 
quantity  thus  found  to  the  weight  of  the  globule.     The  proportion  of  sulphur  in 
the  precipitated  sulphide  of  arsenic  being  thus  ascertained,  the  amount  uf  arseoic 
is  easily  calculated. 

From  cadmiunij  copprr,  and  lead,  arsenic  may  be  separated  by  means  of  sul- 
phide of  ammonium.  The  filtered  ammoniacal  solution  is  then  treated  with  cxccsi 
of  hydrochloric  or  acetic  acid  to  throw  down  the  sulphide  of  arsenic,  and  the  pre- 
cipitate treated  in  the  manner  just  described. 

The  separation  of  arsenic  from  tin  is  attended  with  considerable  difficolty. 
One  of  the  best  methods  is  to  convert  the  two  metals  into  sulphides,  and  scpinte 
them,  after  drying  and  weighing  the  whole,  by  ignition  io  a  stream  of  hydro- 
sulphuric  acid  gas.  The  mixed  sulphides  are  introduced  into  a  weighed  glass 
bulb,  having  a  tube  attached  to  it  on  each  side.  One  of  these  tubes,  the  exit- 
tube,  must  be  at  least  a  quarter  of  an  inch  in  diameter,  to  prevent  stoppage,  and 
bent  downwards  so  as  to  dip  into  a  flask  containing  ammonia.  The  whole  is  then 
weighed,'  hydrosulphuric  acid  gas  passed  through  the  apparatus,  and  the  balb 
heated  till  the  whole  of  the  sulpliide  of  arsenic  is  sublimed.  Part  of  the  sulphide 
of  arsenic  passes  into  the  ammoniacal  liquid,  by  which  it  is  dissolved,  and  the 
rest  sublimes  in  the  wide  tube.  When  the  operation  is  ended,  and  the  appaniu 
has  cooled,  the  wide  tube  is  cut  off  at  a  short  distance  from  the  bulb,  then  broken, 
and  the  pieces  digested  in  caustic  potash  to  dissolve  out  the  sulphide  of  trscoie. 
The  solution  thus  obtained  is  added  to  the  ammoniacal  lirjuid  in  the  flask;  the 
sulphide  of  arsenic  precipitated  by  hydrochloric  acid,  oxidized  without  previoBi 
filtration  with  hydrochloric  acid  and  chlorate  of  potash ;  and  the  resulting  ireeQie 
acid  precipitated  by  ammonia  and  sulphate  of  magnesia.  Tlie  sulphide  of  tla  re- 
maining in  the  bulb  is  converted  into  stannic  oxide  by  treating  it  with  5ti»os 
nitric  acid. 

When  arsenic  is  combined  with  other  metals  in  the  form  of  an  alloy,  the  whole 
may  be  dissolved  or  oxidized  by  means  of  aqua  regia,  or,  bettor,  with  hydrochlurie 
acid  and  chlorate  of  potash,  and  the  arsenic  separated  by  one  of  the  precedii^ 
methods.  In  the  cn.se  of  tin,  however,  it  is  best  to  fuse  the  alloy  in  thin  laoioa 
with  five  times  its  weight  of  carbonate  of  soda  and  an  equal  quantity  of  sulphir, 
whereby  a  mixture  of  sulpharseniate  and  sulphostannatc  of  soda  is  obtained,  whiek 
dissolves  completely  in  hot  water.  The  sulphides  of  tin  and  arsenic  may  then  be 
precipitated  by  hydrochloric  acid,  and  separated  as  above.* 

*  For  a  full  account  of  tho  methods  of  estimatinit  arsenic  and  sopamting  it  from  etktf 
metab,  vide  II.  Kosc,  ''Ilandbuch  der  aaalytiechen  Chemie,"  1851,  ii.  881. 
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ANTIMONY. 

Eq.  120-24  or  1603*;  Sb  (^tihium). 

This  metal  was  well  known  to  the  alchemists,  and  is  one  of  the  metals  the  pre- 
parations of  which  were  first  introduced  into  medicine.  Its  sulphide  is  not  an  un- 
common mineral,  and  is  the  source  from  which  the  metal  and  its  compounds  are 
alwa^'s  derived. 

The  sulphide  of  antimony  is  easily  reduced  to  the  metallic  state  by  mixing 
together  4  parts  of  that  substance,  3  parts  of  crude  tarter,  and  1^  parts  of  nitre^ 
and  projecting  th^  mixture  by  small  quantities  at  a  time  into  a  red  hot  crucible. 
The  sulphide  is  also  sometimes  reduced  by  fusion  with  small  iron  nails,  which 
combine  with  the  sulphur,  and  disengage  the  antimony.  Or  it  may  be  obtained  in 
a  state  of  greater  purity  by  strongly  igniting  in  a  crucible  a  quantity  of  the  pot- 
ash-tartrate  of  antimony,  and  placing  the  resulting  metallic  mass  in  water  to  remove 
any  potassiuui  it  may  have  acquired. 

Antimony  is  a  white  and  brilliant  metal,  generally  possessing  a  highly  lamel- 
latcd  structure.  It  is  easily  obtained  in  rhombohedral  crystals  of  the  same  form 
as  arsenic  and  tellurium.  Its  density  is  from  G*702  to  6*86.  It  undergoes  no 
change  in  the  air.  The  point  of  fusion  of  antimony  is  estimated  at  797^ ;  it  may 
be  distilled  at  a  white  heat.  This  metal  burns  in  air  at  a  red  heat,  and  produces 
copious  fumes  of  oxide  of  antimony. 

Antimony  combines  in  three  proportions  with  oxygen,  forming  oxide  of  anti- 
mony and  antimonic  acid,  iSbOs  and  SbO^,  which  correspond  respectively  with 
arscnioas  and  arsenic  acids ;  and  antimonious  acid,  Sb04,  which  is  probably  an 
intermediate  or  compound  oxide,  analogous  to  the  black  oxide  of  iron. 

TeroxiJe  of  antimony ,  Antimonic  oxide,  Antimonious  acid,  SbOj,  144*24  or 
1803.  —  This  oxide  may  be  obtained  by  dissolving  the  sulphide,  finely  pounded 
and  in  the  condition  in  which  it  is  known  as  prepared  sulphide  of  antimony,  in 
four  times  its  weight  of  concentrated  hydrochloric  acid.  Pure  hydrosulphuric  acid 
goes  off|  and  the  antimony  is  converted  into  terchloride : 

SbS,  +  3IIC1  =  SbCl,  =  3HS. 

The  clear  solution  may  be  poured  off,  and  precipitated  at  the  boiling  heat  by  a 
solution  of  carbonate  of  potash  added  in  excess ;  the  carbonic  acid,  which  does  not 
combine  with  oxide  of  antimony,  escaping  as  gas.  Teroxide  of  antimcjpy,  so  pre- 
pared, is  anhydrous,  but  is  slightly  soluble  in  water :  it  is  white,  but  assumes  a 
yellow  tint  when  heated.  It  is  fusible  at  a  red  heat,  and  sublimes  at  a  high  tem- 
perature in  a  close  vessel,  where  it  cannot  pass  into  a  higher  state  of  oxidation. 
The  brilliant  crystalline  needles  which  condense  about  antimony  in  a  state  of  com- 
bustion likewise  consist  of  this  oxide.  They  possess  the  unusual  prismatic  form 
of  arsenious  acid  observed  by  Wohler.  Oxide  of  antimony  also  crystallizes  as  fre- 
quently in  regular  octohedrons,  the  other  form  of  arsenious  acid.  It  occurs  in  the 
prismatic  form  as  a  rare  mineral,  whose  density  is  5*227. 

When  a  solution  of  potash  is  poured  upon  the  bulky  hydrate  of  teroxide  of  anti- 
mony, which  is  precipitated  from  the  chloride  by  water,  a  portion  of  the  oxide  is 

*  The  number  129,  given  by  Berzelius  for  the  eqaivalent  of  antimony,  and  hitherto  gene- 
rally adopted,  appears  from  recent  experiments  by  Schneider  (Pogg.  Ann.  zcyiii.  298)  and 
by  H.  Rose  (Deri.  Akad.  Der.  1856,  p.  229)  to  be  much  too  high.  Schneider,  by  redncing 
the  tersnlphide  of  antimony  with  hydrogen,  finds  the  equivalent  to  be  120*24;  and  Rose,  by 
decomposing  the  terchloride  with  hydrosulphuric  acid,  and  precipitating  the  chlorine  with 
nitrate  of  silTer,  finds  the  number  120*60. 
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di?;?ulvcfl,  but  the  greater  part  lascs  its  water,  aud  is  reduced  in  a  few  seconilsto 
a  fine  greyish,  crystolline  powder,  which  is  a  ucutral  coiiibiuatiuu  of  tcroxido  of 
antimony  with  potash.  Teroxidc  of  antimoDj  also  combines  with  acids,  funning 
the  salts  of  antimony  or  anttmonic  salts. 

The  solution  of  these  saUs  give  with  JiydrosuJphuric  acid  a  brick-red  prccij.ilato 
of  tcrsulphido  of  antimony,  easily  soluble  in  sulphide  of  ammonium,  and  reprccipi- 
tated  by  acids.    This  precipitate  dissolves  in  strong  boiling  hydrochloric  acid,  foriL-Ti  • 
tlio  terchloride,  which  when  thrown  into  water  yields  a  precipitate  of  the  oxyolil^*- 
ride.    This  reaction  with  hydrosulphuric  acid  distinguishes  antimony  from  all  uiV.tT 
metals.*     Zinc  or  iron  precipitates  antimony  from  its  solutions  in  the  fyrm  vf  ^ 
black  powder,  which,  when  fused  on  charcoal  before  the  blow-pipe,  yields  a  briiilo 
button  of  the  metal.     According  to  Dr.  ()dliug,'|'  antimony  is  also  precipitated  bjf 
copper,  in  the  form  of  a  brilliant  metallic  film,  which  may  be  dissolved  off  tie 
copper  by  a  solution  of  permanganate  of  potash,  ^-ielding  a  solution  which  will  tive 
the  characteristic  red  precipitate  with  hydrosulphuric  acid.     This  reaction  affords 
a  ready  method  of  separating  antimony  from  liquids  containing  organic  matter, — 
as  in  medico-legal  inquiries.     All  compounds  of  antimony  fused  upon  charcoal 
with  carhonatc  of  soda  or  cyanide  of  potasalum,  yield  a  brittle  globule  of  an:i- 
mony,  a  thick  white  fume  being  at  the  same  time  given  olT,  and  the  charoool 
covered  to  some  distance  around  with  a  white  depo.<it  of  antimonic  oxide.     The 
reduction  with  cyanide  of  potassium  may  also  be  performed  in  a  porcelain  crucibi*.', 
without  charcoal.     A  solution  of  terchlurldc  of  tjahl  added  to  the  solution  of  a  silt 
of  tcroxide  of  antimony,  forms  a  yellow  precipit:itc  of  metallic  gold,  the  oxide  of 
antimony  being  at  the  same  time  converted  into  antimonic  acid,  which  compi.>oDd 
is  precipitated  as  a  white  powder,  together  with  the  gold,  unless  the  solution  con- 
tains a  very  large  excess  of  hydrochloric  acid.     In  a  solution  of  oxide  of  antiniony 
in  potash,  terchloride  of  gold  produces  a  black  precipitate,  which  is  not  aJtervd  by 
heating.     This  reaction  is  extremely  delicate. 

Tcmulphlde  of  auflnioni/,  SbSj,  1G8'24  or  2103. — ^The  common  ore  of  aniimony 
is  a  tersulphide,  PbSs,  corresponding  with  the  preceding  oxide  of  antimony.  It  u 
rarely  free  from  sulphide  of  arsenic,  which  thus  often  enters  into  the  antiDionial 
preparations  derived  from  the  .^-rulphide  of  antimony,  but  into  tartar-enjetic  Icsf 
frequently  than  the  others.  The  same  sulphide  is  formed  when  salts  of  the  oxide 
of  antimony,  such  as  tartar-emetic,  are  precipitated  by  hydrosulphuric  acid ;  bat 
it  is  then  of  an  orange-red  colour.  When  the  precipitated  sulphide  15  dried,  il 
loses  water  and  becomes  anhydrous,  still  remaining  of  a  dull  orange  coLur;  but 
when  heated  more  strongly,  it  shrinks  at  a  particular  temperature,  and  a^suuts 
the  black  colour  and  metallic  lustre  of  the  native  sulphide.  This  sulphide  is  also 
obtained  of  a  dark  brown  colour  by  boiling  the  prepared  sulphide  of  antimony  id  % 
solution  of  carbonate  of  potash,  and  allowing  the  solution  to  cool ;  by  fufini;  .J 
parts  of  th&  prepared  sulphide  with  1  part  of  carbonate  of  p«)tash ;  or  dissolvioc  it 
m  a  boiling  solution  of  caustic  potash,  and  afterwards  adding  an  acid.  Tlie  bet 
preparation  is  known  as  Krrmcs  mineral.  It  has  a  much  duller  colour  than  tbe 
precipitated  sulphide,  but  differs  from  it  only  in  containing  small  quantities  cf 
ozido  and  pentasulphide  of  antimony,  together  with  an  alkaline  sulphide  which 
cannot  be  removed  by  washing  (Bcrzelius).  When  the  cooled  mothcr-Iitjuor  froa 
which  kcrmes  is  deposited  is  mixed  with  hydrochloric  acid,  a  precipitate  i*  ob- 
tained, consisting,  like  the  kcrmes,  of  SbSj  mixed  with  ISbOj  and  SbS.,  but  of  » 
redder  colour.     It  is  sometimes  called  the  i/old en  sulphurct  of  antimony. 

When  the  sulphide  of  antimony  is  oxidated  at  a  red  heat,  much  sulphur  b 
burned  off,  and  an  impure  oxide  of  antimony  remains.  This  matter  forms,  wlwa 
fused,  the  ylass  of  antimony,  which  contains  a  considerable  quantity  of  undticon- 

*  For  the  reactions  of  antimonic  salts  with  alkalies*,  see  terchlvruii  0/ antimony  aad 
emetie. 
t  GQy*8  Hospital  Reports,  [3.]  ii.  249. 
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posed  sulphide.  The  glass,  reduced  to  powder,  is  boiled  with  bitartrate  of  potash 
as  a  source  of  oxide  of  antimony,  in  the  pharmaceutical  preparation  of  tartar- 
emetic.  The  oxide  of  antimony  is  dissolved  out  from  the  glass  by  acids,  and  a 
substance  is  left  which  is  called  saffron  of  antimony.  This  last  is  a  definite  com- 
pound of  oxide  and  sulphide  of  antimony,  SbOs.2SbS3,  which  also  occurs  as  a 
luincral — namely,  red  antimony  ore. 

Terchloride  of  antimony,  SbCI,,  is  obtained  by  distilling  cither  metallic  anti- 
mony or  the  tcrsulphide  of  antimony  with  corrosive  sublimate.  When  heated  it 
flow;j  like  an  oil,  and  becomes  a  crystalline  mass  on  cooling.  It  is  a  powerful 
cautery.  This  salt  deliquesces  in  air,  and  becomes  turbid,  owing  to  the  deposition 
of  a  subsalt.  A  concentrated  solution  of  chloride  of  antimony  is  also  obtiiincd  by 
dissolving  the  sulphide  of  antimony  in  hydrochloric  acid.  When  this  solution  is 
thrown  into  water,  it  gives  a  white  bulky  precipitate,  which  after  a  time  resolves 
itself  into  groups  of  small  crystals,  having  usually  a  fawn  colour;  it  was  formcrlv 
called  the  poicJcr  of  Algaroth.  These  small  crystals  are  an  oxychloride  of  anti- 
mony, which,  according  to  the  analyses  of  Johnston  and  Malaguti,  contains 
2SbOl3.9Sb03. 

A  solution  of  terchloride  of  antimony,  to  which  water  is  added,  and  then  a 
sufficient  quantity  of  hydrochloric  acid  to  redissolve  the  precipitate  thereby  pro- 
duced, gives  with  potash  a  white  precipitate  of  the  hydrated  teroxide,  soluble  in  a 
very  large  excess  of  the  alkali.  Ammonia  forms  the  same  precipititc  insoluble 
in  excess.  Carbonate  of  potash y  or  soda,  produces  also  a  white  precipitate  of  tho 
hydrated  teroxide,  which  is  soluble  in  excess,  especially  of  the  potash-salt,  but  re- 
appears after  a  while.  These  reactions  are  greatly  modified  by  the  presence  of 
fixed  organic  acids,  especially  of  tartaric  acid.  In  such  a  case,  water  forms  no 
precipitate,  ammonia  but  a  slight  one  and  after  some  time  only,  and  tho  precipi- 
tate formed  by  potash  dissolves  easily  in  excess  of  the  alkali.    (See  Tartar-emetic.) 

Tcrjiuoride  (f  a,itimonyy  SbFj,  is  obtained,  by  treating  the  teroxide  with 
strong  hydrofluoric  acid,  in  colourless  crystals  which  dissolve  in  water  without  de- 
composition. It  unites  with  fluoride  of  potassium,  forming  the  compound  3KF. 
SbF],  and  similarly  with  fluoride  of  sodium  and  fluoride  of  ammonium. 

Sulphate  ofantinvmy,  SbOa-BSOa,  is  obtained,  by  boiling  metallic  antimony  with 
concentrated  sulphuric  acid,  as  a  white  saline  mass,  which  is  decomposed  by  water. 

Oxalate  of  j)otash  and  antimony,  KO.CiO.T-f-SbOa.SCiOa.  —  This  is  a  double 
crystallizable  salt  of  antimony,  which,  like  the  tartrate  of  potash  and  antimony, 
may  be  dissolved  in  water  without  decomposition.  It  is  prepared  by  saturating 
binoxalate  of  potash  with  oxide  of  antimony.  It  is  soluble  at  48°  in  ten  times  its 
weight  of  water  (Las.saigne).  According  to  Bussy,  when  binoxalate  of  potash  is 
digested  upon  oxide  of  antimony  in  excess,  two  salts  are  formed,  one  in  oblique 
prisms,  and  another  less  soluble,  in  intricate  small  cr}r'stals ;  but  neither  is  very 
stable.  The  former  is  decomposed  by  a  large  quantity  of  water :  its  analysis  gavo 
8(K0.CA)  +  SbO3.3CA+0HO.* 

Tartrate  of  polasJi  and  antimony ,  KO.Sb03  +  C8ll40,o.2HO.  —  This  salt,  the 
tartar-emetic,  or  potash  tartrate  of  antimony  of  pharmacy,  is  prepared  by  neutral- 
izing bitartrate  of  potash  with  oxide  of  antimony :  the  oxide  obtained  by  decora- 
posing  the  chloride  or  sulphate  of  antimony  with  water  answers  best  for  the  pur- 
pose. A  quantity  of  oxide  of  antimony  may  be  boiled  with  three  or  four  times 
its  weight  of  water,  and  bitartrate  of  potash  added  in  small  quantities  till  tho 
oxide  is  entirely  dissolved.  The  filtered  solution  yields  the  salt,  on  cooling,  in 
large  transparent  crystals,  the  form  of  which  is  an  octohedron  with  a  rhombic 
base;  they  become  white  in  the  air,  and  lose  their  water  of  crystallization.  They 
are  soluble  in  14  times  their  weight  of  cold  water,  and  in  1-88  parts  of  boiling 
water,  but  not  in  alcohol.  The  mother-liquor  of  these  crystals  becomes  a  syrupy 
liquid,  and  dries  up  into  a  gummy  mass  without  crystallizing,  when  oxide  of  anti- 

*J.  Pbarm.  1838.  p.  509. 
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mony  lias  bocn  dissolved  in  excess  by  the  acid  tartrate  in  preparing  the  salt 
Potash  added  to  a  solution  of  the  salt  throws  down  the  teroxide  of  autlmoDT.  but 
the  precipitate  is  easily  soluble  in  excess  of  potash.     Ammonia  forms  do  precipi- 
tate at  first,  and  but  a  slight  one  after  standing.    Alkaline  carbonatcM  form  a  pre- 
cipitate of  the  teroxide  insoluble  in  excess  of  the  rca^^ent.     With  hyilrosulph'iri< 
aciJf  the  reaction  is  the  same  as  with  other  salts  of  antimony.     (See  p.  iAil) 
Salts  of  the  earths  and  basic  metallic  oxides,  such  as  baryta  and  oxxd^  of  silr^f, 
throw  down  from  its  solution  a  compound  of  the  tartrate  of  antimony  with  tartrate 
of  baryta,  tartrate  of  silver,  &c.     (Wallquist.)     Strong  acids  decompose  ihc  salt, 
and  produce  a  precipitate  which  is  a  mixture  of  bi tartrate  of  potash  with  uiide 
of  antimony,  or  with  a  subsalt  of  that  oxide. 

This  salt  was  formerly  described  as  a  double  tartrate  of  potash  and  antimony, 
or,  abstracting  its  water  of  crystallization,  which  is  different] v  blated  at  - 
and  3  equivalents,  as  KO.(CJIA)  +  SbOa-CC^HjOj).  When  the  atoa:io 
weight  of  tartaric  acid  is  doubled,  and  it  is  represented  as  a  bibasic  acid,  the 
formula  for  dry  tartar-emetic  becomes  KO.SbOa.(Csll40,o).  In  compari:-,:  the 
last  "formula  with  that  of  bitartnite  of  potash,  represented  also  as  a  Libasic 
salt,  KO.lIO.rCsII^OK)),  it  is  observed  that  1  eq.  of  oxide  of  antimony  takes 
the  place  of  1  eq.  of  water  as  base,  although  the  former  contains  3  eq.  of 
oxygen,  and  the  latter  only  one.  Tartrate  of  potash  and  antimony  is,  in  ibis 
respect,  an  anomalous  salt.  Another  equally  remarkable  fact  respect  in?  this  :^: 
has  been  observed  by  M  Dumas,  namely,  that  2  eq.  of  water  are  separated  from 
the  anhydrous  salt  at  428°,  leaving  a  substance  of  which  the  c■Iement^  arc 
CslI,Oi^.SbK.  The  first  part  of  this  formula,  CHHaOi2,  M.  Dumas  looks  ufioo  a>a 
quadribasic  salt-radical,  existing  in  the  tartrates,  which  in  hydrated  tartaric  acid 
is  united  with  4H,  in  bitartrate  of  potash  with  3H  +  K,  and  in  tartrate  of  aoti- 
mony  and  potash  with  Sb-f-K.  Here  Sb  is  found  equivalent  to  and  capable  of  re- 
placing 3U.  Tartrate  of  antimony  and  potash  might,  therefore,  be  reprc><:niod 
by  KSb(C8H2O,0  +  2HO+  water  of  crysUUization.  If  SbO,  be  regarded  is  » 
radical  capable  of  replacing  1  eq.  of  hydrogen  (similar  to  uranyl,  UiO,,  the  hyp"** 
thetical  radical  of  the  uranic  salts),  the  formula  of  tartar-emetic  dried  at  212^  out 
be  written  as  CsIl4K(SbO0O,2,  and  that  of  the  salt  dried  between  392^  and  425^ 

as  C8H,K(SbOOO,o. 

Antimonic  acid,  SbOs,  lGO-24  or  2003. — This  compound  is  obtained  in  the 
hydrated  state  :  1.  By  treating  antimony  with  nitric  acid,  or  with  aqua-rcj^ia  con- 
taining excess  of  nitric  acid.  2.  By  decomposing  pentachloride  of  antimony  with 
water.     3.  By  precipitating  a  solution  of  antimoniate  of  potash  with  an  acid. 

The  hydrated  acid  obtained  by  cither  of  these  methods  gives  off  its  water  at  i 
moderate  heat,  and  yields  anhydrous  antimonic  acid  in  the  form  of  a  ycliovifh 
powder,  which  is  tasteless,  insoluble  in  water^  decomposes  alkaline  carbonate^ 
and,  when  heated  to  redness,  gives  off  oxygen,  and  is  converted  into  antimuaute 
of  antimonic  oxide,  SbOj.SbOs. 

The  h^'drates  obtained  by  the  three  methods  above  described  arc  by  no  moaos 
identical.  The  acid  in  the  first  is  monobasic,  whereas  in  the  other  two  ic  if 
bibasic.  The  bibasic  acid  is  distinguished  by  the  name  of  mrtantimonic  aaJ, 
while  the  monobasic  acid  is  called  simply  antimonic  acid  (Fremy). 

Antimonic  acid  furms  neutral  or  normal  salts,  containing  MO.SbOs,  and  acidfllv 
whose  formula  is  MO .  (Sb05)2.  Metiintimonic  acid  forms  neutral  salts  cuDtaioiB: 
(.M()> .  SbOs,  and  acid  salts  containing  (MOa-C^bO*),,  or  MO .  SbO,.  so  thai  lie 
acid  metantimoniutcs  arc  isomeric  or  polymeric  with  the  neutral  antiuioniatcs.  Aa 
acid  metantimouiate  easily  changes  into  a  neutral  antimoniate.  The  metaoiiuK^- 
niates  of  potash,  soda,  and  ammonia  are  crystalline;  the  antimoniates  of  the  suae 
bases  are  gelatinous  and  uncrystalliz:ible.  The  soluble  acid  m etanti moo iates  form 
a  crystalline  precipitate  with  salts  of  soda;  the  soluble  antimoniates  do  not  form 
any  .such  precipitate  (Fremy). 

Antimuniatts  of  potaah,  —  The  neutral  salt,  KO.SbO«.5HO|  i«  obtained  kj 
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fusing  1  ptirt  of  antimony  with  4  parts  of  nitre,  dijxesting  the  fused  mass  in  tepid 
wat«r  to  remove  nitrate  and  nitrite  of  potash,  and  boiling  the  residue  for  an  hour 
or  two  with  water.  The  white  insoluble  mass  of  anhydrous  antinioniate  is  thereby 
transformed  into  a  hydrate  containing  5  eq.  water,  which  is  soluble.  The  solu- 
tion when  evaporated  leaves  this  hydrate  in  the  form  of  a  gummy  uncr}'stal- 
lizable  mass,  which  gives  off  2  eq.  of  water  at  320**,  and  the  whole  at  a  higher 
temperature. 

Acid  anfimoniafe  of  potash j  KO .  (SbOs)^  is  obtained  by  passing  carbonic  acid 
gaa  through  a  solution  of  tlie  neutral  antimoniate.  It  is  white,  crystalline,  per- 
ifoctly  insoluble  in  water,  and  is  converted  into  the  neutral  salt  when  heated  with 
excess  of  potash.  This  salt  is  the  aiitimonium  diaphoreticum  lavatum  of  the 
pharmacopoeias  (Fremy). 

Ntutnxl  metantimom'ate  of  potash  j  2KO.Sb06,  is  prepared  by  fusing  antimonic 
acid  or  neutral  antimoniate  of  potash  with  a  large  excess  of  potash.  The  fused 
nia^s  dissulves  in  a  small  quantity  of  water,  and  the  solution  evaporatod  in  vacuo 
yields  crystals  of  the  neutral  metantimoniate.  This  salt  dissolves  freely  and  with- 
out decumpositiou  in  warm  water  containing  excess  of  potash;  but  cold  water  or 
alcoliol  decomposes  it  into  potash  and  the  acid  metantimoniate.  Hence  the  aque- 
ous solution  of  this  salt  gives  a  precipitate,  after  a  while,  with  salts  of  soda 
(Fremy). 

A^'id  metantimoniate  of  potash,  KO .  SbOj+TIIO,  sometimes  called  f/rflrnw/ar 
antimoniate  of  potash. — This  salt  is  used  as  a  test  for  soda.  To  obtain  it,  the 
Dcutral  antimoniate  is  first  prepared  and  dissolved  in  the  manner  above  described ; 
the  solution  filtcrel  to  separate  any  acid  antimoniate  that  may  remain  undissolved; 
then  evaporated  to  a  syrup  in  a  silver  vessel ;  and  hydrate  of  potash  added  in  lumps 
to  convert  the  antimoniate  into  metantimoniate.  The  evaporation  is  continued  till 
the  Tujuid  begins  to  crystallize,  which  is  ascertained  by  taking  out  a  drop  now  and 
then  upon  a  glass  rod,  and  the  liquid  is  left  to  cool.  A  crystalline  mass  is  thus 
obtained,  consisting  of  neutral  and  acid  metantimoniate  of  potash ;  the  alkaline 
liquor  is  then  decanted,  and  the  salt  dried  upon  filtering  paper  or  unglazed  porce- 
lain (Fr^my).  This  salt  may  also  be  prepared  by  treating  terchlorido  of  anti- 
mony with  an  excess  of  potash  sufficient  to  redissolvc  the  precipitate  first  formed, 
and  adding  permanganate  of  potish  till  the  solution  acquires  a  faint  rose  colour. 
The  liquid,  filtered  and  evaporated,  yields  crystals  of  the  granular  metantimoniate 
(Kcynoso).  This  salt  is  sparingly  soluble  in  cold  water,  but  dissolves  readily  in 
water  between  11 8 "^  and  122*^.  When  boiled  with  water  for  a  few  minutes,  or 
kept  in  conUict  with  water  for  some  time,  it  is  converted  into  the  neutral  antimo- 
niate. It  must  therefore  be  preserved  in  the  solid  state,  and  dissolved  just  before 
it  Is  required  fur  use.  A  small  quantity  of  it  is  then  treated  with  about  twice  its 
weight  of  cold  water  to  remove  excess  of  potpsh,  and  convert  any  neutral  metanti- 
moniate into  the  acid  salt ;  the  lifjuid  decanted  ;  the  remaining  salt  rapidly  washed 
three  or  four  times  with  cold  water;  then  left  in  contact  with  water  for  a  few 
minutes,  and  the  liquid  filtered.  On  adding  to  the  solution  thus  obtained,  a  small 
quantity  of  any  soda-salt,  a  crystalline  precipitate  is  formed,  consisting  of  acid 
metantimoniate  of  soda,  NaO .  SbOs+TJIO.  This  reaction  is  apparent  in  a  solu- 
tion containing  only  1  part  of  soda  in  300.  In  strong  solutions  of  soda,  the  pre- 
cipitate  appears  immediately,  but  in  dilute  solutions  only  after  a  while,  the  crystals 
being  deposited  on  the  sides  of  the  vessel.  An  excess  of  potash  in  the  reagent 
also  retards  the  precipitation  (Fremy*). 

•  Traits  de  Chimic  Gendrale,  par  Pelouzo  et  Fremy,  2mc.  e<J.  t.  3,  pp.  161, 157.  Accord- 
ing to  lIofFter  (Popg.  Ann.  Ixxxvi.  418),  the  granular  autimoniate  of  potash  is  KO.  H0-|-. 
12(K0.  SbOg-j-^llO);  the  precipitated  soda-snlt  is  similarly  constituted ;  and  by  treating 
the  solution  of  thifl  salt  in  boilinfr  water  with  salts  of  the  earths  and  metallic  oxides,  precipi- 
tfttea  are  obtained,  also  of  similar  composition,  or  differing  only  in  the  water  which  they 
contain.  Hcflfter's  formula*  were  calculated  according  to  the  old  equivalent  of  antimony, 
129;  bat  Schneider  has  Miown  that,  op  re-calculating  the  analyses  with  the  lower  equivalent 
120*24,  the  numbers  of  the  equivalents  of  base  and  acid  come  out  equal. 
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AiiU'moniatcs  of  ammonia. — When  the  metantimonlc  acid,  obtained  by  decon- 
posing  pentacliloride  of  antimony  with  water,  is  treated  with  ammoDia,  part  cf  il 
dissolves,  and  a  solution  is  formed  containing  neutral  mctantimoniaU  ofammtfuia, 
A  few  drops  of  alcohol  added  to  the  solution,  throw  down  a  precipitate  codsi^Ud; 
of  acid  mrtauUmoniate  of  ammoniay  NH4O .  SbOj+CHO.  This  salt  \s  slijrhlly 
soluble,  and  its  solution  precipitates  soda-salts.  It  changes  spontaneously  id  a 
few  days,  even  when  kept  in  a  close  vessel,  into  neutral  avtimoniitt  of  ammonia, 
which  is  completely  insoluble  in  water.  The  same  change  is  instantly  prodoccd 
in  it  by  heat  (Fremy), 

Antimoniate  ofleatl^  PbO .  SbO^,  may  be  obtained  as  a  yellow  powder  by  fusing 
antimonic  acid  with  oxide  of  lead,  or  as  a  white  hydrate  by  precipitation:  the 
hydrate  gives  off  its  water  when  heated,  and  turns  yellow.  Thia  salt  is  U5od  is  a 
pijrment  under  the  denomination  of  Naples  yellow. 

Antimoniate.  of  antimony^  SbO3.SbO5.or  Sb04,  is  obtained  by  the  action  of 
heat  upon  antimonic  acid,  by  roasting  the  teroxide  or  torsulphido,  or  by  treating 
powdered  antimony  with  excess  of  nitric  acid.  It  is  white,  infusible,  and  unalter- 
able by  heat;  slightly  soluble  in  water.  It  was  funiierly  ri-LtirdLil  as  a  diftinct 
acid,  SbO^,  and  called  antimnn ions  acid ;  but  it  docs  not  form  salts;  an<l,  whfn 
boiled  with  bitartratc  of  poUish,  it  is  resolved  into  cream  uf  tartar,  which  dlssiilvOi 
and  a  residue  of  antimonic  acid. 

Pcntasnlphidc  of  antimout/j  Sulphantimonic  acid,  SbOj,  is  obtninod  bypassioj 
hydrosulphuric  acid  gas  into  an  acid  solution  of  pentachluride  of  antimony,  or  into 
the  solution  of  an  alkaline  antimoniate.  It  has  an  omngo-eolour  niurh  less  mi 
than  the  tersulphide;  it  is  the  yolden  sufjJntrct  of  antimonj/  of  .■^overal  phanuaco- 
poeias.  It  combines  with  basic  metallic  sulphides,  forming  the  fi:/i>?ta nfinvininit. 
The  sodittm-saUy  3NaS .  SbSi,  which  is  sometimes  used  in  modieino,  i*  obtained  by 
mixing  18  parts  of  finely-pounded  tersulphide  of  antimony,  V2  parts  <.f  dry  car- 
bonate of  soda,  13  parts  of  lime,  and  3^  parts  of  sulphur;  tricni-arin'r  tbe  uixtnrs 
for  about  half  an  hour;  leaving  it  for  two  or  three  days  in  a  fl;i<k  tilled  with  wjter, 
and  shaking  it  from  time  to  time;  then  filtering  and  cvaporatinL*,  first  over  the 
open  fire,  afterwards  in  vacuo.  The  salt  is  thus  obtained  in  larL'o  n  'jrular  tetra- 
hedrons of  a  pale  yellow  calour.  It  is  very  soluble  in  water,  and  is  deccmpojed 
by  acids,  which  throw  down  hydrated  pentasulphide  of  antimony. 

Pentachluride  of  antimony^  SbCls,  is  obtained  by  heating  metallic  antimony  ia 
a  current  of  dry  chlorine,  and  distilling  the  product  in  a  dry  retort,  njoetins:  ibt 
first  portions  of  the  distillate,  which  contain  excess  of  chlorine.  It  i.^  a  ycUi'viih, 
very  volatile  liquid,  which  emits  suffocating  vapours.  Water  fir>t  converts  it  icstt 
a  crystalline  hydrate,  and  then  decomposes  it,  forming  antimonic  acid  :  Sb01,■^ 
5IIO=Sb05+oUCI.  It  absorbs  ammonia  and  phosphutetted  hydrogen,  fyruiio? 
red-brown  solid  compounds.  It  absorbs  olefiant  gas  as  readily  as  chloriuo.  ati 
forms  Dutch  liquid.  It  likewise  absorbs  hydrosulphuric  acid  «:r:i.s  at  urJiaaiy 
temperatures,  forming  a  white  crystalline  mass,  consisting  of  rA/».r.A*ii^»A»V#  %/ 
antimony^  SbClsS^,  exactly  analogous  to  chlorosulphide  of  phoaphonis.  IVIr^ 
Pentasulphide  of  antimony,  treated  with  dry  chlorine  aided  by  heat,  fi-rius  awhiM 


a  white,  crystalline,  volatile  compound,  composed  of  SbCls.SHCy.     It  abo 
bines  with  chloride  of  cyanogen. 

Antimoniurcttcd  hydrogen.  — This  compound  is  obtained  by  dissolving  an  albj 
of  zinc  and  antimony  in  hydrochloric  or  dilute  sulphuric  acid,  or  by  disMlrbs 
zinc  in  cither  of  these  dilute  acids  containing  oxide  or  chloride  of  antimoayt 
tartar  emetic,  &c.  The  gas,  however,  always  contains  more  or  less  free  byditfcVi 
Its  comparative  purity  may  be  tested  by  means  of  a  aolatioD  of  nitrate  of  rilTtfi 
which  absorbs  the  antimoniurcttcd  hvdni^cn,  and  leaves  the  free  hTdrocen.  !■ 
alloy  of  "1  parts  zinc  and  1  part  antimony  yields  the  purest  gas;  an  alloj 
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iog  a  larger  proportion  of  antimony  gives  moro  free  hydrogen  ;  and  an  alloy  of 
equal  parts  of  the  two  metab  yields  scarcely  anything  but  free  hydrogen.  As  the 
compound  has  never  been  obtained  in  a  state  of  purity,  its  composition  has  not 
been  correctly  ascertained,  but  it  is  probably  SbH]. 

Antimoniuretted  hydrogen  is  a  colourless  gas,  and  when  free  from  arsenic,  quite 
inodorous.  It  is  insoluble  in  water,  and  in  alkaline  liquids;  with  solutions  of 
silver  or  mercury  it  forms  precipitates  contiuning  silver  or  mercury,  together  with 
antimony.  When  burned  from  a  jet,  it  deposits,  on  a  plate  of  porcelain,  metallic 
spots,  greatly  resembling  those  of  arsenic,  but  differing  from  the  latter  in  posses- 
sing less  lustre  and  in  not  being  soluble  in  hypochlorite  of  soda.  They  may  also 
be  dissolved  in  aqua-regia  or  in  permanganate  of  potash  (p.  540),  and  the  solution 
"will  give  the  characteristic  orange  precipitate  with  hydrosulphuric  acid.  A  me- 
tallic deposit  may  also  be  obtained  by  heating  a  glass  tube  through  which  the  gas 
is  passed;  and  this  deposit,  when  sublimed,  will  not  exhibit  the  characters  of 
arsenic  (p.  536). 

AUoyn  of  antimony  with  potassium  or  sodium  may  be  obtained  by  igniting  me- 
tallic antimony,  or  its  oxide  or  sulphide,  with  an  organic  salt  of  potash  or  soda. 
Thus,  when  5  pnrts  of  crude  tartar  and  4  parts  of  antimony  are  slowly  heated  in 
a  covered  crucible  till  the  mixture  becomes  charred,  then  heated  to  whiteness  for 
an  hour,  and  left  to  cool,  a  crystalline  regulus  is  obtained  containing  12  per  cent. 
of  potassium.  This  alloy  decomposes  water  rapidly,  and  oxidizes  slowly  in  the 
air  when  in  the  compact  state,  but  becomes  heated  and  takes  fire  when  rubbed  to 
powder. 

A  mixture  of  7  parts  of  antimony  and  3  parts  of  iron,  heated  to  whiteness  in 
a  crucible  lined  with  charcoal,  forms  a  white,  very  hard,  slightly  magnetic  alloy, 
"which  gives  sparks  when  filed.  It  is  always  formed  when  sulphide  of  antimony 
is  reduced  by  iron  in  excess. 

With  zincy  antimony  forms  alloys  of  definite  crystalline  character.  A  fused 
mixture  of  the  two  metals,  containing  from  43  to  70  per  cent,  of  zinc,  deposits 
bj  partial  cooling,  silver-white  rhombic  prisms,  containing  from  43  to  G4  per  cent 
of  zinc.  The  alloy  containing  exactly  43  per  cent,  of  zinc,  appears  to  bo  a 
definite  compound,  stibiotrizincyl^  SbZn,.  Mixtures  containing  from  33  to  20 
per  cent,  of  zinc  deposit  rhombic  crystals  containing  from  35  to  21  per  cent,  of 
xino.  The  alloy  containing  exactly  33  per  cent,  is  stihiohizincyl^  SbZn,.  These 
alloys,  especially  SbZn,,  decompose  water  with  evolution  of  hydrogen  at  the  boil- 
ing heat,  and  very  rapidly  under  the  influence  of  acids  (J.  P.  Cooke*). 

Tjfpe-m^tal,  is  an  alloy  of  antimony  and  lead,  usually  containing  76  per  cent. 
of  lead,  which  corresponds  nearly  with  the  formula  Pb2Sb. 


BSTIMATION    OP   ANTIMONY,   AND   METHODS   OP   SEPARATING   IT   FROM  THE 

PRECEDING    METALS. 

Antimony  cannot  be  estimated  in  the  form  of  antimonious  or  antimonic  acid, 
because  we  can  never  be  sure  of  the  purity  of  those  bodies.  The  best  mode  of 
proceeding  is  to  precipitate  it  by  hydrosulphuric  acid,  collect  the  sulphide  of  anti* 
mony  on  a  weighed  filter,  and,  after  ascertaining  the  total  quantity  of  the  precipi- 
•  tate,  estimate  the  proportion  of  sulphur  in  it  in  the  manner  already  described  with 
reference  to  sulphide  of  arsenic  (p.  538).  Or  the  sulphide  of  antimony  may  be 
decomposed  by  heating  it  in  a  current  of  hydrogen  gas,  whereupon  hydrosulphuric 
acid  and  sulphur-vapour  escape,  and  metallic  antimony  remains  behind.  For 
this  purpose,  a  weighed  portion  of  the  sulphide  is  placed  in  a  small  porcelain  cru- 
cible having  a  hole  in  its  cover,  through  which  a  tube  passes  to  convey  the  hydro- 
gen.    The  temperature  is  gradually  raised,  and  the  process  continued  till  the 

*  SilL  Am.  J.  [2.]  zTiii.  229;  xz.  222. 
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\?ei<j1it  of  tlic  crucible  no  longer  varies.    The  reduction  may  ako  be  performed  ia 
a  bulb-tube. 

When  nntinionious  and  antimonic  acids  occur  together  in  eolation^  the  total 
quantity  of  antimony  may  be  ascertained  by  treating  one  portion  of  the  liquid  in 
the  manner  just  described,  and  the  quantity  existing  us  antimonious  acid  uav  be 
determined  in  another  portion  by  means  of  terchlorido  of  gold,  2  cq.  of  precipi- 
tated gold  corresponding  to  3  oq.  of  antimonious  acid : 

2AuCl3+  6H0  4-  SSbOa  =  2Au  +  6HC1  +  SSbOs- 

The  separation  of  antimony  from  the  alkalies  and  earths^  and  from  thoso  metab 
N^hich  arc  not  precipitated,  from  their  acid  solutions  by  hydrosulphuric  nciu,  ii 
cflfcctcd  by  means  of  that  reagent. 

To  separate  antimony  from  cadnnumj  copper,  and  Icoil,  the  solution,  after  belnjj 
neutralized  with  ammonia,  is  mixed  with  sulphide  of  ammonium  coniatDiag 
excess  of  sulphur.  The  sulphide  of  antimony  then  dissolves,  the  oxhcT  ^ulphidct 
remaining  undissolved }  and  on  mixing  the  filtrate  with  acetic  acid  (^livdrtKrhlurie 
acid  might  rcdissolve  a  portion  of  the  precipitate,  especially  as  the  liijuid  boconxt 
heated),  the  sulphide  of  antimony  is  roprecipitated,  and  may  be  treated  asi  above. 

AVhen  antimony  is  combined  with  any  of  the  preceding  mctaL:  in  the  fcrm  of 
an  alloy,  it  may  be  separated  by  treating  the  alloy  with  nitric  acid,  whcrt-by  th« 
other  metals  are  dissolved,  and  the  antimony  converted  into  insoluble  uDtioiODifi 
acid.  This  method  is,  however,  not  rigidly  exact ;  for  the  nitric  acid  di^ves  a 
small  portion  of  the  antimony. 

Sc2)aration  of  aufinwni/  /rom  (trsrnic  and  tin. — The  separation  of  those  nictab 
is  attended  with  considerable  difficulty.  The  best  mode  of  eflfecling  it  is  to  ecn- 
vert  them  into  arseniate,  stannate,  and  antinioniate  of  soda,  and  treat  the  niixtuv 
with  dilute  alcohol,  which  dissolves  the  arseniate  and  stannate  of  soda,  and  leavei 
the  antimoniatc  undissolved. 

If  the  three  metals  exist  ton;cther  in  solution,  they  must  be  precipitated  if  nl- 
phides  by  hydrosulphuric  acid,  and  the  precipitate  treated  by  one  of  the  fwljuvisf 
methods : — 

(1.)  The  precipitated  sulphides  arc  fused  in  a  silver  cniciblc  with  a  mixtnreof 
hydrate  of  soda  and  nitre :  or,  better,  they  are  oxidized  by  heating  them  witk 
strong  nitric  acid;  the  solution,  together  with  the  insoluble  stannic  and  autimoaitf 
acids,  mixed  with  excess  of  caustic  soda,  and  evaporated  to  a  small  bulk ;  xhm 
transjfcrred  to  a  silver  crucible,  evaporated  to  dn'uess,  and  kept  for  some  lime  in  i 
state  of  red  hot  fusion.  The  fused  ma.««s,  consisting  of  arseniate,  stannate,  and 
antimoniatc  of  soda,  is  di.siiitograted  by  digestion  in  warm  water;  the  cont^Btsrf 
the  crucible  tnmsforred  to  a  beaker-gla.ss ;  and  the  crucible  well  rinsed  uui  with  a 
measured  quantity  of  water.  The  greater  part  of  the  arseniate  and  stannate  d 
soda  then  dissolves,  while  the  antimoniatc  remains  undi.ssolvod.  But  to  effetl 
complete  separation,  a  quantity  of  alcohol  of  sp.  gr.  0-S33  is  addi^i,  e%\vi 
in  bulk  to  one-third  of  the  w%nter  used;  the  mixture  left  to  stand  for  24 
hours  and  frequently  stirred ;  and  the  antimoniatc  of  soda,  wliich  has  theo  oco- 
pletely  settled  down,  is  collected  on  a  filter  and  washed,  first,  with  a  mixture  of  I 
Tuluuic  of  the  same  alcohol  to  3  vols,  of  water,  then  with  1  vol.  alcohol  to  i  wk 
water;  next,  with  a  mixture  of  equal  measures  of  water  and  alcohol;  and,  hsuji 
with  3  y()ls.  alcohul  Ut  1  vol.  water  (II.  Kose).* 

miitait 
>9af 
sulphides  arc  thereby  oxidized  and  eonvertnl  iato 
arsenic,  stannic,  and  antimonic  acids,  wliieh  combine  with  the  soda,  and  uaj^ 
separated  by  treatment  with  dilute  alcohol,  and  washing,  as  in  K(.«e*s  pnxna. 
This  method  is  due  to  Dr.  Williamson ;  it  is  easier  of  execution  than  the  fucvtf^ 


wiin  o  vuis.  aiconui  to  i  vol.  water  (11.  liose;.'^ 

(2.^  The  precipitated  sulphides  of  the  throe  metals  are  dissolved  in  a  mill 
of  sulphide  of  sodium  and  caustic  soda,  and  the  liquid  mixed  with  a  s^'lutU'i 
hypoehloritc  of  soda.     The  sulphides  are  thereby  oxidized  and   eonvertrtl 


*  Ilandb.  d.  anal.  Chcm.  1861,  iL  429.  ( 
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as  tlie  fused  mixture  of  the  soda-salts  is  very  bard,  and  dilficult  to  dIsiiitegr.ito  by 
water. 

Tbe  aDtimoDiat€  of  soda,  separated  by  eitber  of  tbcse  processes,  is  di>:^ostcd  in 
a  mixture  of  hydrocbloric  and  tartaric  acids,  wbicb  dissolves  it  completely ;  the 
antimony  then  precipitated  by  bydrosulphurio«acid;  and  its  quantity  estimated  in 
the  manner  already  described  (p.  545). 

The  filtrate  containing  the  arseniate  and  stannate  of  soda  is  supersaturated  with 
hydrochloric  acid,  which  throws  down  a  bulky  jprccipitate  of  arseniate  of  stannic 
oxide ;  hydrosulphuric  acid  gas  passed  through  the  liquid  till  tlic* white  precipi- 
tate is  completely  converted  into  a  brown  mixture  of  the  sulphides  of  tin  and 
arsenic ;  the  whole  left  to  stand  till  the  odour  of  hydrosulphuric  acid  ia  no  lonjjer 
perceptible ;  the  precipitate  collected  on  a  weighed  filter ;  and  the  filtrate  boated 
for  some  time  to  expel  the  greater  part  of  the  alcohol;  then  mixed  with  sulphur- 
ous acid,  and  again  treated  with  hydrosulphuric  acid,  whereby  a  small  quantity  of 
sulphide  of  arsenic  Is  generally  precipitated.  This  quantity  of  sulphide  of  arse- 
nic being  quite  free  from  tin,  need  not  be  added  to  the  mixed  sulphides  on  the 
filter. 

These  mixed  sulphides  are  dried  at  212°,  their  total  weight  detennined,  and  a 
known  quantity  heated  in  a  stream  of  hydrosulphuric  acid  gi^  ia  the  manner 
described  at  page  538.  The  residual  sulphide  of  tin  is  then  converted  into  stan- 
nic oxide,  and  the  sublimed  sulphide  of  arsenic,  together  with  the  small  quantity 
separately  precipitated,  is  converted  into  arsenic  acid  by  treatment  with  hydro- 
chloric acid  and  chlorate  of  potash,  and  the  arsenic  precipitated  as  ammonio-mag- 
nesian  arseniate  (II.  Rose). 

If  ^he  three  metals  are  in  the  state  of  solid  oxides,  the  mixture  may  be  dis- 
solved in  hydrochloric  acid,  with  addition  of  tartaric  acid,  and  tlie  metals  precipi- 
tated as  sulphides  as  before.  If  the  metals  are  mixed  in  the  form  of  an  alloy, 
tbcy  may  be  dissolved  in  aqua-regia,  the  solution  mixed  with  tartaric  acid,  then 
diluted,  and  precipitated  in  the  same  manner. 

The  method  just  described  may,  of  course,  be  applied  to  tho  separation  of  anti- 
mony from  tin  or  from  arsenic  alone.  In  these  cases,  however,  simpler  methods 
may  often  be  advantageously  adopted. 

Separation  of  antimony  from  tin.  —  When  these  two  metals  exist  together  in 
Bolution,  and  the  sum  of  their  weights  is  known,  the  separation  may  be  effected, 
and  the  weights  of  the  two  determined,  by  immersing  in  the  solution  a  piece  of 
pure  tin,  which  precipitates  the  antimony  in  the  form  of  a  black  powdcir.  To 
render  the  precipitation  complete,  a  gentle  heat  must  be  applied,  and  the  solution 
must  eontiin  excess  of  acid.  The  antimony  is  collected  on  a  weighed  filter,  dried 
at  a  gentle  heat,  and  weighed.  If  the  sum  of  the  weights  is  not  previously 
known,  the  metals  must  be  precipitated  together  by  zinc  from  a  known  quantity 
of  the  solution,  and  the  antimony  precipitated  by  tin  from  another  portion.  When 
the  two  metals  exist  together  in  an  alloy,  a  portion  of  the  alloy  must  be  weighed, 
then  dissolved  in  aqua-regia,  and  tho  solution  mixed  with  tartaric  acid,  diluted 
with  water,  and  treated  as  above. 

Another  method  of  separation  is  to  precipitate  the  two  metals  with  zinc,  and 
treat  the  precipitate  with  strong  hydrochloric  acid  without  previously  decanting 
the  solution  of  chloride  of  zinc.  The  tin  then  dissolves,  while  the  antimony 
remains  undissolved,  the  presence  of  the  chloride  of  zinc  diminishing  its  tendency 
to  dissolve  in  the  acid.  The  tin  may  afterwards  be  precipitated  by  hydrosulphuric 
acid,  and  the  sulphide  converted  into  stannic  oxide,  by  treating  it  with  strong 
nitric  acid  (Level).* 

Separation  of  antimony  from  arsenic.  — When  these  two  metals  are  associated 
in  the  metallic  state,  they  may  be  completely  separated  by  heating  the  alloy  in  a 
Stream  of  carbonic  acid,  the  arsenic  then  volatilizing,  and  the  antimony  remaining. 


♦  Ann.  Ch.  Phys.  [3.]  xixi.  125. 


OXIDES    OF    BISMUTH.  549 

what  extended  bj  careful  hammering.  Its  colour  is  reddish  tin-white,  with 
moderate  lustre.  The  specific  gravity  of  pure  bismuth  is  9'r»542  (Karstcn),  9*799 
(Marohand  and  Scherer);  of  commercial  bismuth,  9-822  (13risson),  9-833  (Ilera- 
path),  9-801  (Bergman).  Strong  pressure  rather  diminishes  than  increases  the 
density.  Bismuth  melts  at  480°  (Crichton) ;  at  507°  (Rudbcrj;) ;  at  509° 
(Ilermann);  and  expands  in  solidifying.  It  boils  at  an  incipient  white  heat,  and 
if  the  air  be  excluded,  sublimes  in  lamina). 

Bismuth  forms  four  compounds  with  oxygen,  viz.,  the  bioxide,  BiO^;  the 
tcroxide,  BiO,;  the  quadroxide,  Bi04;  and  bismuthic  acid,  BiOj. 

Bioxiilc  or  sitboxiJe  o/ bismuth. — Bismuth  oxidizes  slowly  when  exposed  to  the 
air  at  ordinary  temperatures,  becoming  covered  with  a  brownish  film  of  suboxide. 
"When  heated  in  the  air  till  it  fuses,  it  oxidates  more  rapidly,  becoming  covered 
with  the  s;ime  brown  oxide,  which  is  renewed  as  often  as  it  is  removed,  till  the 
whole  of  the  metal  is  oxidized.  This  suboxide  is  also  formed  when  subnitrate  of 
bismuth  is  heated  with  protoehloride  of  tin.  By  pouring  a  hydrochloric  acid 
solution  of  ecjuivulent  quantities  of  tcroxide  of  bismuth  and  protoehloride  of  tin 
into  excess  of  muderately  strong  potash,  a  black-brown  precipitate  is  formed, 
consisting  of  a  lower  oxide  of  bismuth  combined  with  stannic  acid;  and  on  treat- 
ing this  compound  with  stronger  potash,  the  stinnic  acid  di.ssolvcs  and  an  oxide 
of  bismuth  remains,  which,  when  dried  in  vacuo,  or  at  100°,  out  of  contact  with 
the  air,  forms  a  blackish-grey  crystalline  powder,  consisting  of  BiOj,  retaining, 
however,  a  small  quantity  of  water.  It  shows  but  little  disposition  to  absorb 
oxygen  at  ordinary  t(?knperaturcs,  but  when  heated,  it  is  instantly  converted,  with 
a  glimmeriDg  light,  into  tcroxide.  Acids  decompose  it  into  metallic  bismuth  and 
tcroxide.  When  ignited  in  an  atmosphere  of  carbonic  acid,  it  becomes  perfectly 
anhydrous,  and  in  that  state  docs  not  undergo  any  perceptible  alteration  by  ex- 
posure to  the  air  at  ordinary  temperatures,  and  oxidizes  but  slowly  even  at  a  red 
heat  (11.  Schneider).* 

Tcroaith  fff  Bismuth^  BiOj;  237  or  3G02-5. — Bismuth  heated  in  the  air  till  it 
boils,  takes  tire  and  burns  with  a  faint  bluish  white  fiame,  forming  tcroxide  of 
bismuth,  the  vapour  of  which  condenses  on  the  surface  of  cold  bodies  in  the  form 
ot  Jloictrs  of  bismuth.  The  same  oxide  is  obtained  in  solution  by  acting  on  bis- 
muth with  nitric  acid,  the  metal  being  then  dissolved  with  evolution  of  nitrous 
fumes,  fcltrong  sulphuric  acid  likewise  dissolves  it  at  a  boiling  heat,  with  evolu- 
tion of  sulphurous  acid.  Ilydrochlorie  acid  acts  but  slightly  on  it,  even  with  the 
aid  of  heat.  When  the  solution  of  the  nitrate  is  mixed  with  water,  a  white  pre- 
cipitate of  subnitrate  is  produced;  and  this,  when  gently  ignited,  yields  the 
teroxide  in  the  form  of  a  lemon-yellow  powder.  By  fusing  the  hydrated  oxide 
with  liydratc  of  potash,  or  boiling  it  with  potash-ley,  the  anhydrous  oxide  may  be 
obtained  in  yellow  shining  needles.  Teroxide  of  bismuth  fuses  at  a  strong  red 
heat,  and  solidifies  in  a  crystalline  mass  on  cooling.  It  is  easily  reduced  to  the 
znetallic  state  by  potassium  or  sodium  at  a  gentle  heat,  and  by  charcoal  before  the 
blowpipe. 

Tcroxide  of  bismuth  combines  with  acids,  forming  salts  which  are  very  heavy, 
colourless,  unless  the  acid  itself  is  coloured,  and  exert  a  poisonous  action.  Heated 
on  charcoal  with  carbonate  of  soda,  they  yield  a  button  of  metal.  ZhiCy  tiuj  cad- 
mium,  iron,  and  lead,  precipitate  the  metal  from  the  solutions  of  these  salts. 
Wa/cr  decomprjscs  most  bismuth-salts  —  provided  they  do  not  contain  too  large  an 
excess  of  acid,  throwing  down  s^  sparingly  soluble  basic  salt,  while  the  acid 
remains  in  solution,  together  with  a  small  quantity  of  oxide.  lIi/dros%dphuric 
acid  produces  a  br^jwu-black  precipitate  of  tcrsulphide  of  bismuth,  insoluble  in 
sulphide  uf  ammonium.  Caustic  al/caiieSy  at  ordinary  temperatures,  throw  down 
the  white  hydrated  oxide,  but  at  a  boiling  heat,  especially  if  they  are  concen- 
trated, they  produce  a  yellow  precipitate  of  th.e  anhydrous  oxide :  these  prccipi- 

*  Pogg.  Ann.  IzxxYiii.  45. 
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tatcs  are  insoluble  in  cxco^?.s  of  tlie  alkali.  All'fih'nr  '■'Tr7/<'-/!'f*' ?  tVr-'W  i-.w?  » 
■white  precipitate  of  carbonutc  of  bisnuith,  sliduly  suliiblo  \u  oxco*?.  V-ul  pro-.::- 
tat cd  from  the  solution  by  a  caustic  alkali.  Chr'nnah?  or  hifhrt.rP'if*  i-r"  ;-•...% 
throws  d'>wn  a  yellow  chromate  of  bismuth,  insoluble  in  caustic  y-ota-h,  wli-r'r  v  ".: 
is  distinjjuished  from  chromate  of  lead.     Sulphuric  acid  produc"*  no  ]ir^cipl:s!'. 

Qiuuiroxuh  of  hhmuth,  WxO^^  —  When  a  bismuth-salt  contains  t>.  l-  rh!  r;r.  •. 
caustic  potash  produces  iu  it,  not  a  white  but  a  yellow  pr»'cipi:at»^,  wlii.  U  <:■  ••-.-•i 
of  the  hydrate  of  a  higher  oxide,  but  cannot  be  obtained  Irco  fmni  ch!  ri::'-  W!  ?, 
this  yellow  hydnite  is  b(»ilod  with  an  alkaline  chlorite  liavini:  a  str.  r:.- .iHijli^- 
rcaction,  it  turns  brown,  like  peroxide  of  lead,  and  is  cnnvfrtod  iut-j  ti;v  ifi!  ir  i' " 
of  bismuth  (Arppe).  This  oxide  is  completely  dissulvfd  by  boilinu  iv-'u  jii; 
any  yellow  or  green  residue  that  may  bo  left,  consists  of  bisniuthlc  in-.  1.  1*  j 
perhaps  a  compound  of  teroxide  of  bismuth  with  bismuthic  acid  ;  l>i()^  lliO, 

Bismvthic  noiW,  BiOs.  —  Prepared  by  passing  chlorine  thruugh  a  <7--z  ?  ':• 
tion  of  potash  in  which  finely  divided  temxidc  of  bismuth  is  su.-pt-nd;  :1 :  i!--.  ^t 
heating  a  mixture  of  potish  and  teroxide  of  bismuth  fur  a  lonji  ii::i-  in  c  lm  : 
with  the  air,  —  or  better,  by  calcining  a  mixture  of  teroxide  uf  bi^iu-i;  .  oo:? 
potash,  and  chlorate  of  potash.  Bismuthic  acid,  prepared  by  any  of  tin  so  luc 
is  always  more  or  less  mixed  with  teroxide  of  bismuth,  which,  ln.wiVtr,  !.-'.  t- 
dissolved  out  of  weak  nitric  acid.  Bismuthic  acid  is  a  light  n-J  jhiw)  r.  ^'1:..\ 
at  a  temperature  a  little  above  212^,  gives  off  part  of  its  oxvir^n.  and  :•  •.  r.  r- J 
into  quadroxide  of  bismuth.  Strong  acids  also  decnnipt^sc  it.  rodiv.-i'ii:  i;  :•  i'.: 
state  of  teroxide  of  bismuth,  which  then  unites  with  the  acid.  Bi-nju'^jL-  .-.  •  i 
combines  with  potash,  and  furms  a  few  double  salts,  whi'.so  bases  are  ihi*  ilKiIi  ii'l 
teroxide  of  bismuth. 

Bisufj)Jn'(Iv  of  btiimuth,  BiSj,  separates  in  crystals  from  a  fu*ed  Diix*ii^  f 
metallic  bismuth  and  the  tersulphide,  and  may  also  be  obtained  by  fu^i^•L:  !•»  pr« 
of  bi.5muth  with  3  parts  of  sulphur,  melting  the  resulting  mixture  thr.  e  i'wak-  t;:!i 
fresh  sulphur,  and  cooling  quickly.  Hydrochloric  acid  deeump'*- -  ihj^  .-..:-. 
pound,  yielding  metallic  bismuth  and  the  tcrchloride.  Hence,  and  tr«  v.i  !:.•  fr't 
that  its  crystalline  form  is  the  same  as  that  of  the  ti-rsulphide,  and  that  hj  fii^.nj 
the  tersulj)hide  with  metallic  bismuth,  in  certain  proportions,  er}"'tal*  n  j  U 
obtained  of  the  same  form  but  containing  less  sulphur,  SL-hneidi-r  c-»n4']ui.-  t^l: 
the  supposed  bisulphide  is  merel}-  a  mixture  of  the  tcrsul]ihide  witlj  Li-.'^.i^ 
bismuth. 

T*  rsuIphiiJr  of  hi.<mufky  BiSj,  occurs  native  as  f)t.<mn(h-(j?fincr,  and  uiy  ':» 
formed  artificially  by  fusing  bismuth  with  sulpliur,  and  by  dt'coiijp.;.*inj  li?:..v> 
salts  with  hydrosulphuric  acid.  The  native  variety  forms  right  rhuialv.'  rrrjs.s 
isomorphous  with  sulphide  of  antimony:  its  colour  is  light  load-i^rcv ;  *t-\:^' 
gravity  from  0*4  to  0-5.  Tersulphide  of  bismuth  is  docomp.>^cd  by  1..  jI:  :l' 
native  sulphide,  heated  in  a  tube,  yields  .«ublimed  sulphur;  and  tho  ir.ifrJ 
sulphide,  when  fused  and  left  to  cool,  yields  globules  of  metallic  bis^-ui'i  i?  ' 
solidifies. 

Sf/r7n'ifc  of  hiitmutli,  BiSe,,  is  obtained  by  melting  together  1  cf\  if  l^iCi 
and  3  eq.  of  selenium,  and  re-melting  the  product  with  fresh  .seleniuai  lU?  ■fc'v 
tact  with  the  air.  On  a  recently  fractured  surface,  it  exhibits  a  stco:-gr»v •.•  ''J"- 
metallic  lustre,  and  a  distinct  crystalline  laminated  texture.  Its  dersiry  i?  •»^-" 
hardness  equal  to  that  of  galena;  it  may  be  readily  pulverized.  It  i*  .H^ar^^  J 
attacked  by  hydrochloric  acid,  but  nitric  acid  and  aqua  re^a  decompose  it  r-.-ii-/ 
(Schneider). 

Bichloride  of  hismufh,  BiClj,  is  formed  by  the  action  of  dry  hydnjina  «n  t:c 
tcrchloride  of  bismuth  and  ammonium,  2Nlf4Cl.BiCl3,  at  about  i>70^,  or  ly  l<^^ 
ing  1  part  of  pulverized  bismuth  with  2  parts  of  subchloridc  of  mercury  in  &  *»*'-'• 
tube,  at  about  460°,  and  purifying  the  product  by  repeated  fusioD  in  ht'iJci  tc-a. 
It  is  a  black  hygroscopic  mass,  which,  by  heating  in  the  air,  and  by  the  a*tii«i  *' 
acidsj  is  resolved  into  metallic  bismuth  and  the  tcrcLloridc 
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Terrhloride  of  htsmnth^  BiClj.  —  Pulvcrize^^i  bismuth  thrown  into  chlorine  gns 
take?  fire  and  burns  with  a  pale  blue  lij^ht,  form  in  j;  the  terchloridc.  This  com- 
pound may  also  bo  obtained  by  heating  1  part  of  bismuth  witii  2  parts  of  proto- 
chloride  of  mercury,  or  by  evaporatinj*  to  drjncss  the  solution  of  teroxidc  of  bis- 
muth in  hydrochloric  acid,  and  distilling  the  residue  out  of  contact  with  the  air. 
It  is  a  white  opaque  solid,  with  a  slight  tinge  of  brown  or  grey,  and  a  granular 
fracture ;  melts  very  readily,  forming  an  oily  liquid.  The  hi/dratcd  terchlon'tie  is 
obtained  in  crystals  by  dissolving  the  teroxidc  in  hydrochloric  acid,  and  cvapora- 
tin;^.  The  anhydrous  chloride,  the  crystals,  and  the  solution  arc  decomposed  by 
water,  yielding  oxi/chhride  of  bismuth,  BiCl3.2Bi03,  in  the  form  of  an  insoluble 
white  powder,  commonly  known  as  p'arl-ichite,—^sind  hydrochloric  acid  holding  a 
small  quantity  of  bismuth  in  solution.  A  sulphochloridej  of  analogous  composi- 
tion, BiCl3.2BiS3,  is  obtained  by  heating  chloride  of  bismuth  and  ammonium  with 
salpliur  or  tersulphide  of  bismuth,  or  by  passing  hydrosulphuric  acid  gas  over  the 
^mc  compound »  heated  to  a  temperature  between  485^  and  572°,  and  afterwards 
heating  the  product  to  its  melting  point  in  the  same  gas :  — 

3BiCl3  +  ens  =  BiCl3.2BiS3  +  GIICl. 

The  product  of  either  of  those  operations,  after  being  washed,  first  with  water  con- 
taining so  much  hydrochloric  acid  as  not  to  give  a  precipitate  with  the  terchloride, 
then  with  water  slightly  acidulated,  and  lastly  with  pure  water,  forms  small,  dark 
prey,  crystalline  needles,  which,  when  heated  in  the  air,  give  off,  first,  chloride  of 
bismuth,  then  sulphurous  acid,  and  leave  a  mixture  of  oxychloride  and  basic  sul- 
phate of  bismuth  (Schneider).  A  S'hmlorhUtridr,  BiCl3.2BiSe  ,  is  obtained  by 
adJin<r  terselcnide  of  bismuth  to  fused  chloride  of  bismuth  and  ammonium.  It 
forms  small  needle-shaped  cr^^stals,  having  a  dark  steel-grey  colour  and  mctallio 
lustre  (Schneider). 

Terchhride  ofhUmnth  and  ammonium. — A  solution  of  1  eq.  of  terchloride  of 
bismuth  and  2  eq.  of  sal-ammoniac,  yields,  by  evaporation,  double  six-sided  pyra- 
mids containing  2NH4Cl.BiCl3,  isomorphous  with  the  corresponding  terchloride  of 
antimony  and  ammonium  (Jacquelain).  A  solution  of  1  C(j.  terchloride  of  bis- 
muth and  G  eq.  sal-ammoniac  yields  rhombic  crystals,  containing  SNII^Cl.BiClj 
(Arppc). 

Bismuth  dissolves  in  a  boiling  solution  of  protochloride  of  copper,  the  liquid 
being  decolorized,  and  appearing  to  contain  the  compound,  SCujCl .  BiCls.  Bis- 
muth dissolves  in  a  similar  manner  in  other  cupric  salts  (Schneider). 

Trriodide  of  bismuth,  Bilj.  —  Obtained  as  a  crystalline  sublimate  by  heating 
1  eq.  (32  parts)  of  tersulphide  of  bismuth  with  3  cq.  (475  parts)  of  iodine. 
Large,  thin,  crystalline  laminai,  having  the  form  of  regular  six-sided  prisms,  of  a 
blackish  grey  colour,  with  a  tinge  of  brown  and  a  strong  lustre.  The  compounc^ 
heated  in  the  air,  volatilizes  fur  the  most  part,  leaving  a  small  quantity  of  basic 
oxide  of  bismuth  of  a  red-brown  colour.  Builing  water  converts  it  into  the  same 
compound.  Aqueous  potash  decomposes  it,  forming  iodate  of  bismuth,  BiOs .  SIOj : 
the  same  change  is  more  slowly  produced  b}'  alkaline  carbonates.  Alkaline  sul- 
phides decompose  it,  forming  tersulphide  of  bismuth.  Hydrochloric  acid  dissolves 
it  without  decomposition;  nitric  acid,  with  separation  of  iodine. 

Sulphates  of  bismuth. — When  bismuth  is  heated  with  strong  sulphuric  acid, 
sulphurous  acid  is  evolved,  and  the  metal  is  converted  into  a  white  insoluble 
powder,  consisting  of  teraufphafe  of  bismuth,  BiOj .  3SO3,  which  is  decomposed 
oy  water,  yielding  a  very  acid  salt  which  dissolves,  and  a  monobaaic  sulphatp, 
BiOg  .  SO3  -I-  HO,  which  remains.  There  is  also  a  bimlphate  qf  bismuth,  which 
is  obtained  in  small  delicate  needles  when  an  acid  solution  of  nitrate  of  bismuth  is 
mixed  with  sulphuric  acid  (Heintz). 

Carbonate  of  bismuth,  Bios .  CO2,  is  obtained  by  adding  nitrate  of  bismuth  to 
the  solution  of  an  alkaline  carbonate  :  this  salt  is  used  in  medicine. 

Nitrates  of  bismuth. -^ThQ  neutral  or   Icrnitrate,  BiOj .  SNOs  +  lOHO,  la 
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ESTIMATION    OF    BISMUTH^    AND    MSTH0D8    OV    BEPARATINQ    IT    FROM    THE 

PRECEDING  METALS. 

The  best  reagent  for  precipitating  bismuth  from  its  solutions  is  carbonate  of 
ammonia;  which,  when  added  in  excess,  throws  down  the  bismuth  completely: 
the*  liquid  must,  however,  bo  left  to  stand  for  some  hours  in  a  warm  place,  other- 
wise a  considerable  quantity  of  the  bismuth  will  remain  in  solution.  The  prccipi- 
tate^  after  being  washed  and  dried,  must  be  separated  from  the  filter  as  completely 
as  possible,  the  filter  separately  burned,  and  the  precipitate  ignited  in  a  porcelain 
crucible  :  a  platinum  crucible  wou)^  be  attacked  by  it :  after  ignition,  it  consists 
of  tcroxide  of  bismuth  containing  89*66  per  cent,  of  the  metal. 

If  tho  solution  contains  hydrochloric  acid,  the  bismuth  cannot  be  estimated  by 
precipitation  with  carbonate  of  ammonia,  or  any  other  alkali,  because  the  precipi- 
tate so  produced  would  contain  ozychloride  of  bismuth  (p.  555).  In  this  case, 
therefore,  the  bismuth  must  be  precipitated  by  hydrosuiphurio  acid ;  the  sulphide 
of  bismuth  oxidized  and  dissolved  by  nitric  acid ;  and  the  diluted  solution  treated 
with  carbonate  of  ammonia,  as  above. 

Bismuth  is  separated  from  the  alkalies  and  eartJis,  and  from  iron,  cobalt^  nickely 
zinc,  and  chromium,  by  hydrosuiphurio  acid ;  from  tin,  arsenic,  and  antimony,  by 
sulphide  of  ammonium;  from  lead,  by  sulphuric  acid;  and  from  copper  and 
cadmium,  by  ammonia.  The  separation  of  bismuth  from  cadmium  may  also  be 
effected  by  cyanide  of  potassium,  which  dissolves  tho  latter  as  cyanide  of  cudniium 
and  potassium,  and  precipitates  the  bismuth.  The  precipitated  bismuth,  however, 
always  contains  potash,  and  must  therefore  be  dissolved  in  nitric  acid  and  pre- 
cipitated by  carbonate  of  ammonia.  These  two  metals  may  also  be  separated  by 
means  of  bichromate  of  potash,  which  throws  down  tho  bismuth  as  BiOs .  2Cr09, 
and  retains  the  cadmium  in  solution. 


ORDER  VII. 


METALS  NOT  INCLUDED  IN  THE  FGREGOINa  CLASSES,  WHOSE  OXIDES  ARE  NOT 

REDUCED   BY   DEAT  ALONE. 

SECTION    I. 
URANIUM. 

£q.  60  or  750;  U. 

This  metal  is  obtained  from  pilchhlcnde,  a  mineral  containing  from  40  to  95 
per  cent,  of  uranoso-uranic  oxide,  Us04,  associated  with  sulphur,  arsenic,  lead, 
m>n,  and  several  other  metals.  The  mineral  is  finely  pounded ;  freed  by  clutria^ 
tion  from  the  finer  earthy  impurities;  roasted  for  a  short  time,  to  remove  part  of 
the  sulphur  and  arsenic ;  then  dissolved  in  nitric  acid,  and  the  solution  evaporated 
to  dryness.  The  residue  is  exhausted  with  water;  the  solution  filtered  from  tho 
brick-red  residue  of  ferric  oxide,  ferric  arseniate,  and  lead-sulphate ;  the  greenish 
yellow  filtrate  slightly  concentrated  by  evaporation,  and  left  to  cool,  whereupon  it 
deposits  crystals ;  and  the  resulting  radiated  mass  of  crystallized  uranic  nitrate 
drained  on  a  funnel,  and  then  washed  with  a  small  quantity  of  cold  water.  As 
the  water  dissolyes  a  portioR  of  ihe  crystals;  it  is  used  in  a  subsequent  operation 
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yioM  a  black  precipitate  of  uranous  sulpliidc.  Uranous  salts  arc  converted  into 
nniiiic  snlts  by  exposure  to  the  air,  by  the  action  of  nitric  acid,  and  by  gold  and 
silver  salts;  the  action  in  the  last  case  being  accompanied  by  precipitation  of  me- 
tallic gold  or  silver. 

Protochloruie  of  uranium;  Uranous  cJtIoriJc,  UCl,  is  obtained  by  burning 
uranium  in  clilorinc  gns,  or  by  passing  that  gas  over  an  intimate  mixture  of  char- 
coal and  either  of  the  oxides  of  uranium,  strongly  heated  in  a  tube  of  very  re- 
fractory glass.  It  crystallizes  in  dark-grccn  regular  octohedrons,  which  have  a 
metallic  lustre,  and,  when  heated  to  redness,  volatilize  in  red  vapours  and  form  a 
sublimate.  It  fumes  stronirly  on  exposure  to  the  air,  and  dissolves  very  readily  in 
water,  forming  a  green  solution.     • 

Untnovs  sulpha tCy  UO.SO3,  is  found  native  as  vranium-vitrioly  and  may  bo 
formed  artificially  by  dissolving  uranoso-uranic  oxide  in  boiling  oil  of  vitriol;  or 
bydrafed  uranous  oxide  in  dilute  sulphuric  acid ;  or  by  decomposing  a  concen- 
trated solution  of  uranous  chloride  with  sulphuric  acid.  Crystallizes  with  two 
and  with  four  atoms  of  water.  A  hilasic  uranous  tuIjiJiate  is  obtained  by  treating 
the  nonnal  salt  with  a  large  quantity  of  water ;  by  exposing  the  alcoholic  solution 
of  that  salt  to  the  sun's  niys;  by  careful  addition  of  ammonia  to  its  aqueous  boIu- 
tion ;  and  by  boiling  that  solution  with  green  uranoso-uranic  oxide.  It  forms  a 
light-green  powder  having  a  silky  lustre. 

Uranoso-uranic  oxitfe,  UjOj,  or  UO.U2O3. — This  oxide  forms  the  principal  con- 
stituent of  pitchblende.  It  is  obtained  artificially  by  burning  the  metal  or  the 
protoxide  in  the  air;  by  heating  the  protoxide  to  redness  in  an  atmosphere  of 
aqueous  vapour;  and  by  gentle  ignition  of  uranic  oxide  or  uranio  nitrate.  It  is 
a  dark-green  powder  which  dissolves  in  acids,  forming  green  solutions,  exhibiting 
characters  intermediiitc  between  those  of  uranous  and  uranic  salts,  and  probably 
consisting  of  mere  mixtures  of  the  two. 

Another  intermediate  oxide,  U4O3,  or  2UO.U2O3,  is  said  to  be  formed  by 
strongly  igniting  the  last  oxide  or  the  sesquioxide.  It  is  black,  and  dissolves  in 
acids,  like  the  last;  but  it  is  probably  a  mere  mixture  of  UjOi,  with  the  prot- 
oxide. 

Scsquioxiih  of  uranium;  Uranic  oxide,  I-^aOj;  144,  or  1800. — Uranium  and 
its  lower  oxides  disa^olve  in  nitric  acid,  with  evolution  of  nitric  oxide  and  fonna- 
tion  of  uranic  nitrate.  When  a  solution  of  this  salt  in  absolute  alcohol  is  evapo- 
rated at  a  gentle  heat,  till  nitrous  ether  begins  to  escape,  an  orange-yellow  spongy 
mass  is  obtained,  consisting  of  hydratcd  uranic  oxide  mixed  with  undecomposed 
nitrate :  the  nitrate  may  be  dissolved  out  by  water,  and  the  hydrated  oxide  then 
remains,  exhibiting  a  lemon-yellow  or  orange-yellow  colour.  This  hydrate  is  per- 
manent in  the  air,  and  does  not  absorb  carbonic  acid.  At  572°,  it  yields  anhy- 
drous uranic  oxide,  which  is  also  yellow;  and  at  a  low  red  heat,  it  is  converted 
into  green  uranoso-uranic  oxide. 

The  uranic  salts  are  obtained  by  oxidizing  uranous  or  uranoso-uranic  salts  with 
nitric  acid,  or  by  exposing  them  to  the  air.  Most  of  them  contain  one  equivalent 
of  uranic  oxide  combined  with  one  equivalent  of  an  acid.  Now,  as  this  is  con- 
trary to  the  usual  analogy  of  the  normal  salts  of  scsquioxides,  most  of  which  con- 
tain three  equivalents  of  acid  to  one  equivalent  of  base,  e.  </.,  ferric  sulphate 
=  FejOj.BSOj;  sulphate  of  alumina  =r  AlaOa-SSOj,  —  P^^ligot  is  of  opinion  that 
the  base  of  these  salts  is  not  really  a  sesquioxide,  but  the  protoxide  of  a  compound 
radical,  uranyl,  UjOj,  made  up  of  the  elements  of  2  equivalents  of  uranous  oxide  : 
U40j=(U202)0.  To  abbreviate  the  formulas,  we  shall  denote  the  compound  radi- 
cal, uranyl,  by  the  svmbol  U' ;  we  have  then  for  the  formula  of  uranio  sulphate : 
UA-SO,  =  (UA)0.S03  =  UUSO,. 

Uranio  salts  arc  yellow;  they  are  mostly  soluble  in  water,  and,  in  solution,  havo 
a  very  rough  taste,  without  any  metallic  after-taste.  They  are  reduced  to  uranous 
salts  by  hydrostilphurir.  acid ;  also  by  alcohol  or  etliery  in  sunshine.  Cavatit: 
alkalies  added  to  uranic  solutions  throw  down  a  yellow  precipitate^  consisting  of  a 
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heat,  and  tben  left  to  evaporate  in  vacuo  over  oil  of  vitriol,  deposits  a  lemon- 
yellow  crystalline  salt,  consisting  of  the  acid  phosphatCy  (U'0.2H0).P0$.  The 
basic  pJiosphate  has  not  been  obtained  in  the  separate  state;  but  when  urauic 
nitrate  is  mixed  with  a  moderate  excess  of  basic  phosphate  of  soda  (SNaO.POj)^ 
a  dark  yellow  precipitate  is  formed,  containing  (Na0.2U'0).P05+3U'O.P05 
(TVertheim).*  When  uranic  acetate  is  added  to  a  solution  of  any  soluble  phos- 
phate containing  i^n  abundance  of  ammonia  and  free  acetic  acid,  a  yellow  precipi- 
tate is  formed  consisting  of  anunonio-urarnc pJiosphate,  2U'O.Nn40.P05,  which, 
when  ignited,  leaves  uranic  pyrophosphate,  2U'O.P05.  This  reaction  affords  a 
ready  and  exact  method  of  estimating  phosphoric  acid.  The  insoluble  phos- 
phates, even  those  of  alumina  and  scsquioxide  of  iron,  are  also  decomposed  by 
boiling  with  uranic  acetate  in  presence  of  a  large  excess  of  acetate  of  ammonia 
and  free  acetic  acid,  the  bases  dissolving,  while  the  phosphoric  remains  undissolved 
in  the  form  of  the  ammonio-uranic  phosphate  above  described.  To  separate  phos- 
phoric acid  from  iron  in  this  manner  requires,  however,  a  very  largo  excess  of  tho 
uranium  salt  (W.  Knop).f 

A  neutral  and  an  acid  arscniate  of  uranyl,  analogous  in  composition  to  the 
phosphates,  have  also  been  obtained  by  similar  means.  The  composition  of  these 
phosphates  and  arscniates  affords  a  strong  argument  in  favour  of  the  uranyl 
theory. 

Compounds  of  uranfc  oxide  with  bases.  —  Uranic  oxide  combines  as  an  acid 
with  the  alkalies,  earths,  and  other  metallic  oxides,  forming  salts  which  may  be 
called  uranatis.  The  uranatcs  of  tho  alkalies  are  obtained  by  precipitating  a 
solution  of  uranic  oxide  in  an  acid  with  an  alkali;  the  uranates  of  the  earths  and 
heavy  metallic  oxides,  by  adding  ammonia  to  a  solution  of  an  uranic  salt  mixed 
with  one  of  these  bases.  The  uranates  are  for  tho  most  part  yellow,  and  after 
ignition  orange-yollow.  The  soda-compound,  Na0.2U«03-f  6liO,  is  used  for 
colouring  glass,  and  i.s  prepared  on  the  large  scale  by  roasting  pitchblende  with 
limestone  in  a  revcrberatory  furnace ;  treating  the  resulting  uranate  of  lime  with 
dilute  sulphuric  acid,  b}'  which  the  uranic  oxide  is  almost  completely  dissolved; 
mixing  the  green  solution  with  crude  carbonate  of  soda,  by  which  tho  uranium  is 
precipitated  together  with  other  metals,  but  redissolved  tolerably  free  from  im- 
purities by  excess  of  the  alkali;  and  treating  the  liquid  with  dilute  sulphuric  acid 
as  long  as  effervescence  is  produced.  The  uranate  of  soda  is  then  precipitated  in 
a  form  well  adapted  for  the  manufacture  of  yellow  glass. 

ESTIMATION    OF    URANIUM,    AND    METHODS    OF    SEPARATING    IT    FROM    THE 

PRECEDINQ    METALS. 

Uranium  is  completely  precipitated  from  uranic  solutions  by  ammonia.  Tho 
precipitate,  which  coni^ists  of  hydrated  uranic  oxide  containing  ammonia,  must  be 
washed  with  water  containing  sal-ammoniac,  as  it  runs  through  the  filter  when 
washed  with  pure  water.  It  is  then  dried  and  ignited  in  an  open  crucible^ 
whereby  it  is  converted  into  uranoso-uranie  oxide,  U3O4 ;  but  to  obtain  a  perfectly 
definite  result,  and  prevent  further  oxidation  during  cooling,  it  is  necessary  to  put 
the  cover  on  the  crucible  while  the  substance  is  still  red-hot,  and  keep  it  there  till 
the  crucible  is  quite  cold.  The  oxide  thus  obtained  contains  84-90  per  cent,  of 
uranium.  An  accurate  result  is  likewise  obtained  by  igniting  the  sesquioxide  in 
an  atmosphere  of  hydrogen,  whereby  it  is  reduced  to  protoxide  containing  88 •24 
per  cent,  of  the  metal. 

If  the  uranic  solution  contains  a  considerable  quantity  of  an  earth  or  a  fixed 
alkali,  the  precipitate  formed  by  ammonia  carries  down  with  it  a  certain  portion 
of  the  earth  or  alkali ;  to  free  it  from  which  it  must,  before  ignition^  be  redis- 
aolved  in  hydrochlorio  acid  and  reprecipitated  by  ammonia. 

*  J.  pr.  Ghom.  xliiL  321.  f  Chem.  Qaz.  1856,  467. 
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From  the  fixod  aUcah'es,  uranium,  in  the  state  of  sesquioxide,  ia  sepantodVj 
ammonia,  attention  being  paid  to  the  precaution  just  mentioned. 

From  baryta  it  is  separated  by  sulphuric  acid ;  from  stroniia  and  /imc,  al^o  bj 
sulphuric  acid  with  addition  of  alcohol. 

From  matjneda,  manganese,  cobalt,  nic7:el,  and  ziuc,  these  metals  beinir  in  llw 
state  of  protoxide,  and  the  uranium  in  the  state  of  sesquioxide,  it  is  sepanicd  bj 
precipitation  with  carbonate  of  baryta. 

From  {ro7i  it  is  separated  by  carbonate  of  ammonia,  both  metals  beiu^  ia  the 
state  of  sesquioxide ;  the  uranio  oxide  then  dissolves,  while  the  ferric  oiide  ris 
mains  undissolved.  Care  must,  however,  be  taken  that  the  carbonate  of  ammoQii 
be  really  mouocarbonate,  quite  free  from  excess  of  carbonic  acid,  othenrise  the 
iron  will  also  bo  dissolved.  To  ensure  this  condition,  tlic  carbonate  of  amrnvDli 
must  be  previously  boiled,  and  the  solution  of  the  oxides,  if  acid,  must  bo  uen- 
tralizcd  with  ammonia  till  a  slight  permanent  precipitate  begins  to  fMrm:  the 
solution  should  then  be  diluted  with  water.  The  uranic  oxide  is  separated  froa 
the  filtrato  either  by  boiling,  or  by  supcrsaturatiun  with  hydrochluric  aeid  a&d 
precipitation  by  ammonia. 

From  aluminay  uranium  is  also  separated  by  carbonate  of  ammonia,  and  irlth 
greater  facility. 

From  cadmium  J  copper j  Icady  tin,  arsenic,  antimony,  and  bismuth^  uranium  it 
separated  by  hydrosulphuric  acid;  from  titanium  and  chromium  in  the  sicie 
manner  as  iron  is  separated  from  those  metals  (pp.  505,  514)  ;  and  from  lanaiiium, 
tungsten,  molybdenum,  and  tellurium,  by  sulphide  of  ammonium,  in  which  the 
sulphides  of  the  last  named  metals  are  soluble. 


SECTION  II. 

CJERIU.^I. 

r^.  47-2G,  or  590-87.    Co. 

This  metal,  which  was  discovered  in  1803,  simultaneously  by  Klaproth,  andlj 
Hisinger  and  Berzclius,  exists,  together  with  lanthanum  and  didymium.  ia  cente. 
allanite,  orthite,  yttro-ceritc,  and  a  few  other  minerals,  all  of  somewhat  rare  o^ 
currencc.  The  most  abundant  of  them  is  ccrite,  which  is  a  compound  of  silicic 
acid  with  the  oxides  of  cerium,  lanthanum,  and  didymium,  toother  with  szniD 
quantities  of  lime  and  oxide  of  iron.  To  extract  the  oxides  of  the  three  meta!si 
the  ccrite  is  finely  pounded  and  boiled  for  some  hours  with  strong  hydrochlviie 
acid,  or  aqua-regia,  which  dissolves  the  metallic  oxides,  leaving  nothing  but  «lin< 
The  filtered  solution  is  then  treated  with  a  slight  excess  of  ammonia,  which  pre- 
cipitates everything  but  the  lime;  the  precipitate  is  redissolved  in  hydrochloric 
acid,  and  the  solution  treated  with  excess  of  oxalic  acid.  A  white  or  faintly  lOM- 
coloured  precipitate  is  then  obtained,  consisting  of  the  oxalates  of  cvrium,  iu* 
thanum,  and  didymium  :  it  is  curdy  at  first,  but  in  a  few  minutes  becomes  en* 
talline,  and  easily  settles  down.  When  dried  and  ignited,  it  yields  a  rcd-brofn 
povydcr,  containing  the  throe  metals  in  the  state  of  oxide.  The  finely  ptmadcd 
cerite  may  also  bo  mixed  with  strong  sulphuric  acid  to  the  consistence  of  a  tiki 
paste,  the  mixture  gently  heated  till  it  is  converted  into  a  dry  white  powder,  iii 
this  powder  heated  somewhat  below  redness  in  an  earthen  crucible.  The  tbree 
metals  are  thus  brought  to  the  state  of  basic  sulphates,  which  dissolve  conipktt4f 
when  very  gradually  added  to  cold  water;  and  the  solution  treated  with  osJic 
acid  yields  a  precipitate  of  the  mixed  oxalates,  which  may  bo  ignited  as  before. 

From  the  rc<]-brown  mixture  of  the  oxides  of  cerium,  lanthanuio,  and  didj* 
mium  thus  obtained^  a  pure  oxide  of  cerium  may  be  prepared  by  either  of  ibi 
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foUowinjy  processes:  —  1.  Tlie  mixed  oxides  are  heated  with  stronpj  hydrochloric 
acid,  which  dissolves  the  whole,  with  evolution  of  chlorine;  the  solution  procipi- 
tatod  witii  excess  of  caustic  potash :  and  chlorine  gas  passed  through  the  licpiid 
with  the  precipitate  suspended  in  it.  The  cerium  is  thereby  brought  to  the  state 
of  ses(iuioxide,  which  is  left  undissolved  in  the  form  of  a  bright  yellow  precipi- 
tate, while  the  lanthanum  and  didymium  remain  in  the  state  of  protoxides,  and 
dissolve.  To  ensure  complete  separation,  the  passage  of  the  chlorine  must  be  con- 
tinued till  the  liquid  is  completely  saturated  with  it,  and  the  solution,  together 
with  the  precipitate,  left  for  several  hours  in  a  stoppered  bottle,  and  agitated  now 
and  then.  The  liquid  is  then  filtered,  the  washed  precipitate  treated  with  strong 
boiling  hydrochloric  acid,  which  dissolves  it  with  evolution  of  chlorine,  and  forma 
a  colourless  solution  of  protochloride  of  cerium;  and  this,  when  treated  with 
oxalic  acid  or  oxalate  of  ammonia,  yields  a  perfectly  white  precipitate  of  oxalate 
of  cerium,  which  may  be  converted  into  oxide  by  ignition  (Mosauder).  2.  The 
red-brown  mixture  of  the  three  oxides  is  treated  with  very  dilute  nitric  acid  (1 
part  of  nitric  acid  of  ordinary  strength  to  between  50  and  100  parts  of  water), 
which  dissolves  the  greater  part  of  the  oxides  of  lanthanum  and  didjrmium,  and 
leaves  the  oxide  of  cerium ;  and  by  treating  the  residue  with  very  strong  nitric 
acid,  the  last  traces  of  lanthanum  and  didymium  may  be  extracted  (Mosander, 
Mjirignac).  3.  The  red-brown  mixture  of  the  three  oxides  is  boiled  for  several 
hours  in  a  strong  solution  of  chloride  of  ammonium.  The  oxides  of  lanthanum 
and  didymium  then  dissolve,  with  evolution  of  ammonia,  and  eerie  or  ceroso-cerio 
oxide  is  left  in  a  state  of  purity.  It  must  be  collected  on  a  filter  and  wa.shcd  with 
a  solution  of  sal-ammoniac,  because,  when  washed  with  pure  water,  it  first  runs 
through  the  filter,  and  then  stops  it  up  (Watts).* 

Mrfal/ir.  cerium  is  obtained  by  heating  the  pure  anhydrous  protochloride  with 
potassium  or  sodium.  It  is  a  gruy  powder  which  acquires  the  metallic  lustre  by 
pressure.  It  oxidizes  readily,  decomposes  water  slowly  at  ordinary  temperatures, 
quickly  at  the  boiling  heat,  and  dissolves  rapidly  in  dilute  acids,  with  evolution 
of  hydrogen,  forming  a  solution  of  a  cerous  salt. 

Protoxulc  of  cerium  ;  Cerous  oxiilcy  CeO;  55-26  or  600.8.  —  This  oxide  is 
ecarcely  known  in  the  anhydrous  state.  The  sesquioxide,  exposed  to  the  strongest 
heat  of  a  wind-furnace,  in  a  crucible  lined  with  charcoal,  jdelds  a  residue  chiefly 
consisting  of  protoxide,  but  the  reduction  is  never  complete.  The  hydrated  prot- 
oxide is  easily  obtained  by  precipitating  the  chloride  with  a  caustic  alkali.  It  dis- 
solves readily  iu  acids,  forming  the  protosalu  of  cerium  or  cerous  saltSy  the  solu- 
tions of  which  are  distinguished  by  the  following  cliaracters :  Caustic  potash  or 
toila  produces  a  white  precipitate  of  the  hydrated  protoxide,  which  is  insoluble 
in  excess,  and  is  converted  into  the  yellow  sesquioxide  by  the  action  of  chlorine  or 
hjpochlorous  acid.  Ammonia  precipitates  a  basic  salt.  Alkaline  carbonates 
form  a  white  precipitate  of  cerous  carbonate  insoluble  in  excess.  Oxalic  acid  or 
oxalate  of  ammonia  produces  a  white  precipitate  of  cerous  oxalate,  gelatinous  at 
first,  but  f|uickly  assuming  the  ciystalline  character,  and  converted  by  ignition  in 
an  open  vessel  into  a  salmon-coloured  powder,  consisting  of  sesquioxide  of  cerium 
Biixed  with  protoxide.  Ilydrosulphuric  acid  produces  no  precipitate.  Sulphifle 
of  ammnnium  throws  down  the  hydrated  protoxide.  Ferroci/anide  of  potassium 
produces  a  white  pulverulent  precipitite ;  ferricyanide  of  potassium,  none.  Sul- 
phate ofpotasih  produces  a  white  crystalline  precipitate  of  potassio-ccrous  sulphate, 
nearly  insoluble  in  pure  water,  and  (juite  insoluble  in  excess  of  sulphate  of  potash. 
"With  dilute  solutions  the  precipitate  takes  some  time  to  form.  This  character, 
together  with  the  behaviour  of  the  oxalate,  and  the  yellow  coloration  of  the 
hydrated  protoxide  by  chlorine,  serves  to  distinguish  cerium  from  all  other  metals. 
Cerous  salts  in  solution  have  a  sweet  astringent  taste,  and  redden  litmus,  even 
when  the  acid  is  perfectly  saturated.     All  compounds  of  cerium,  ignited  with 

*  Chcm.  Soc.  Qu.  J.  ii.  117. 
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laaves  a  bxsio  ccric  or  coroso-ocrio  sulphate.  Cerous  sulphate  forms  with  sulphate 
of  potash  a  crystalline  double  salt^  containing  CcO.  SOj+KO.  SOj,  which  is 
neirlj  insoluble  in  water. 

Cerou»  ithosphate.  —  Obtained  by  precipitating;  a  cerous  salt  with  phosphate  of 
soda.  It  also  occurs  native  (associated  with  the  phosphates  of  lanthanum  and 
didymiuni),  in  several  forms.  In  Monazite  and  Bdwanhitc,  it  occurs  in  oblique 
rhombic  prisms;  in  the  former  it  is  associated  with  thorina^  and  small  quantities 
of  lime,  manganese,  and  tin ;  in  the  latter,  with  alumina,  zirconia,  and  silica. 
Cri/ptoUte  is  a  tribasic  phosphate  of  cerium,  occurring  in  rose-coloured  apatite  of 
Arendal  in  Norway,  and  is  separated  by  dissolving  the  apatite  in  nitric  acid.  It 
then  remains  in  the  form  of  a  crystalline  powder,  appearing  under  the  microscope 
to  consist  of  hexagonal  prisms.  Sp.  gr.  4G  (Wohlcr).*  Phosphocerite  is  a  mine- 
ral similar  in  composition  to  cryptolite.  It  was  discovered  by  Mr.  0.  Sims  in  the 
cobalt-ore  of  Johannisberg  in  Sweden,  of  which  it  forms  about  one-thousandth 
part.  It  remains  as  a  residual  product  when  the  ore  after  calcination  is  treated 
with  hydrochloric  acid  for  the  purpose  of  extracting  the  cobalt.  It  is  a  greyish 
yellow  crystalline  powder,  mixed  with  a  small  quantity  of  minute  dark  purple 
crystals,  which  are  strongly  attracted  by  the  magnet,  and  consist  chiefly  of  mag- 
netic oxide  of  iron.  The  crystals  of  phosphocerite,  when  examined  by  the  micro- 
scope, exhibits  two  forms,  one  an  octohcdron,  the  other,  a  four-sided  prism  with 
quadrilateral  summits,  both  forms  apparently  belonging  to  the  right  prismatic 
system.  Sp.  gr.  4*78.  The  mineral  contains  G4C8  per  cent,  protoxide  of  cerium, 
Ac.,  28*40  phosphoric  acid,  2*83  oxide  of  iron,  and  3-41  oxide  of  cobalt,  silica, 
&c.  It  is  very  rich  in  didymium.  Strong  sulphuric  acid,  aided  by  gentle  heat^ 
decomposes  it,  forming  a  pasty  mass,  which  dissolves  in  cold  water  with  the 
exception  of  a  small  quantity  of  silica  (Watts).f 

ESTIMATION    OP  CERIUM,  AND   METHODS  OF  SEPARATING   IT  FROM  THE  PREC£- 

DING  METALS. 

Cerium  is  precipitated  from  neutral  solutions  of  cerous  salts  by  potash,  as  cerous 
hydrate ',  or  by  oxalate  of  ammonia,  as  cerous  oxalate ;  and  either  of  these  com- 
pounds is  converted  by  ignition  in  an  open  vessel  into  ceroso-ceric  oxide.  This 
oxide,  as  already  observed,  is  not  perfectly  definite  in  constitution ;  it  may  bo 
stated  approximately  to  contain  96-5  per  cent,  of  cerous  oxide,  or  82-5  per  cent. 
of  the  metal,  and  this  estimate  may  be  adopted  where  great  accuracy  is  not 
required.  A  more  exact  method,  however,  is  to  dissolve  the  hydrate  precipitated 
by  potash  in  dilut-e  sulphuric  acid,  then  evaporate,  and  heat  the  residue  to  com- 
mencing  redness,  whereby  it  is  converted  into  the  anhydrous  sulphate  CeO.SOs, 
containing  57-6  per  cent,  of  the  protoxide  of  cerium^  or  49-6  per  cent,  of  the 
jnotal. 

Ilydrosulphuric  acid  serves  to  separate  cerium  from  all  metals  which  are  pro- 
C]pit:itcd  by  that  re^fgcnt  from  their  acid  solutions. 

From  mmif/anese,  iron,  cobalt,  nickel,  zinc,  titanium,  chromium,  vanadium,  and 
tvffsfen,  cerium  may  be  separated  by  means  of  a  saturated  solution  of  sulphate  of  potash. 

From  alumina  it  may  bo  separated  by  carbonate  of  baryta,  which  precipitates 
alainina  and  not  cerous  oxide ;  from  (jhtcina.  by  sulphate  of  potash. 

From  yttria,  with  which  it  is  often  associated  in  minerals,  it  is  separated  by  a 
saturated  solution  of  sulphate  of  potash  added  in  excess,  the  sulphate  of  yttria  and 
potash  being  soluble  in  excess  of  sulphate  of  potash,  while  the  cerous  double  salt 
remains  undissolved. 

From  zirconia,  cerium  is  separated  by  treating  the  boiling  acid  solution  with 
sulphate  of  potash,  whereby  the  greater  part  of  the  zirconia  is  precipitated  as 
basic  sulphate,  while  the  cerium  remains  dissolved ;  to  complete  the  precipitation, 

*  Ann.  Ch.  Ph&rm.  Ivii.,  26a  f  Chem.  Soo.  Qu.  J.  ii.  131. 
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a  small  quantitj  of  ammonia  must  bo  added,  but  not  sufficient  to  aUuiate  tlie  tai 

(II.  Rose). 

From  magnesia  also  cerium  may  be  separated  by  sulpbatc  of  potuk;  from 
harj/ta,  strontia,  and  lime,  it  is  separated  by  ammonia  added  in  slight  exee^i :  \^ 
from  baryta  by  sulphuric  acid,  and  from  strontia  and  lime  by  snlpburic  acid  Acd 
alcohol;  and  from  the  Jixcd  alkaiies  by  precipitation  with  oxalate  of  aumonb. 

SECTION    VI. 

LANTHANUM. 

Eq,  27  or  588 ;  La. 

The  red-brown  oxide  obtained  from  cerit«  by  the  methods  already  dcscrlbil 
(p.  558),  and  ori(j;inally  regarded  as  the  oxide  of  a  single  metal,  cerium,  wx-«  shoin 
by  Mosaudcr,*  in  1839,  to  contain  the  oxide  of  another  metal,  to  which  be  give 
the  name  lanihanum.  Subsequently,  in  1841, |  Mosander  discovered  that  even  tLa 
supposed  simple  oxide  contained  two  distinct  metals,  for  one  of  which  the  name  clLic* 
thanum  was  retained^  while  the  other  was  called  didymium.  These  two  m€t:iU  apy<ar 
to  be  constantly  associated  with  cerium,  though  not  always  in  the  same  propuni-r. 

The  separation  uf  lanthanum  and  didymium  from  cerium  may  bo  cffcL'tcii  tj 
cither  of  the  methods  already  described  (p.  559) ;  the  second  and  third  are  eA^ivr 
and  more  expeditious  than  the  first.  If  the  solution  obtained  by  treating;  tLo 
crude  red-brown  oxide  with  dilute  nitric  acid  be  evaporated  to  dryjiC2i.«.  aud  iIk 
residue  treated  with  nitric  acid  diluted  with  at  least  200  parts  of  water,  a  t^A^^ 
tion  will  be  obtained  quite  free  from  cerium  (Marignac).  lioilinir  the  rfj-brt.ira 
oxide  with  chloride  of  ammonium  also  yields  a  solution  of  lantiiaiium  and  di<h- 
mium  free  from  cerium.  In  both  cases,  however,  it  is  best  to  tc>t  a  [K»rtioa  'f 
the  solution  for  cerium  by  precipitating  with  excess  of  caustic  potash,  and  pfi^-ia^ 
chlorine  through  the  solution.  The  presence  of  cerium,  even  in  very  small  quit- 
tity,  will  be  indicated  by  the  formation  of  a  yellow  precipitate,  afccr  the  liqoiii. 
supersaturated  with  chlorine,  has  been  left  in  a  close  vessel  for  several  hours. 

A  solution  free  from  cerium  having  been  obtained,  the  separation  of  the  laatb- 
num  and  didymium  is  eficcted  by  the  different  solubilities  of  their  sulphates.  To 
convert  them  into  sulphates,  the  solution  is  treated  with  excess  of  a  caustic  dbli. 
and  the  washed  precipitate  dissolved  in  dilute  sulphuric  acid.  The  mode  of  p> 
cceding  varies  according  as  the  lanthanum  or  the  didymium  is  in  execs?. 

1.  When  the  lanthanum  is  in  excess,  in  which  case  the  solution  has  but  a  ^at 
amethyst  tinge^  the  liquid  is  evaporated  to  dryness,  and  the  residue  heated  ia  i 
platinum-dish  to  a  temperature  ju»t  beluw  redness,  to  drive  off  the  excess  of  acii 
and  render  the  sulphates  perfectly  anhydrous.  The  residue  ^is  then  di:fsolvedia 
rather  less  than  six  times  its  weight  of  water,  at  about  SO*'  Fah.  (2^  or  3^  C*. 
the  salt  being  reduced  to  powder  and  added  in  successive  small  portions,  and  tk 
vessel  containing  the  liquid  being  immersed  in  ice-cold  water.  Withuat  tLew 
precautious,  the  teuiporature  of  the  liquid  may  be  raised  several  degrees,  in  cM- 
sequcnco  of  the  heat  evolved  by  tlic  combination  of  the  anhydrous  sulphatei  vitk 
water;  aud,  in  thnt  case,  cr}:jtaIlization  will  commence,  and  rapidly  extend  thzoi^ 
the  whole  mass  of  liquid,  as  these  sulphates  are  much  less  soluble  in  warm  thsin 
cold  water;  but  if  the  liquid  be  properly  cooled,  the  whole  dissolves  eoopld^- 
The  solution  is  next  to  bo  heated  in  the  water-bath  to  about  104**  F.  (4U'  C); 
the  sulphate  of  lanthanum  then  crystallizes  out,  accompanied  by  only  a  small  q*^ 
tity  of  sulphate  of  didymium.  To  purify  it  completely,  it  is  again  rendered  ulf* 
drous,  re-dissolved  in  ice-cold  water,  &c.,  and  tho  entire  proccM  repeated  t<i  tf 

*  Pogg.  Ann.  zlri.  048 ;  xhiL  207.  f  Ibid.  kL  504 
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twelve  times.     The  test  of  purity  is  perfect  whiteness,  the  smallest  quantity  of 
didjmium  imparting  an  amethyst  tinge  (Mosander). 

2.  When  the  didymium-salt  is  in  excess,  in  which  case  the  liquid  has  a  decided 
rose-colour,  separation  may  be  effected  by  leaving  the  solution  containing  excess 
of  acid,  in  a  warm  place  for  a  day  or  two.  The  sulphato  of  didymium  then  sepa- 
rates in  large  rhombohcdral  crystals  modified  with  numerous  secondary  faces  j 
and,  at  the  same  time,  slender,  needle-shaped,  violet-coloured  ^crystals  are  formed, 
containing  the  two  sulphates  mixed.  The  rhombohedral  crystals,  which  are  nearly 
free  from  lanthanum,  are  removed,  and  the  needles,  together  with  the  mother- 
liquid,  treated  as  in  the  first  method,  to  obtain  sulphate  of  lanthanum  (Mosander). 

In  both  cases,  the  separation  may  be  greatly  facilitated  by  first  dissolving  the 
mixed  oxides  of  the  two  metals  in  a  large  excess  of  nitric  acid,  and  precipitating 
in  successive  portions  by  oxalic  acid :  the  first  precipitates  thus  formed  have  a 
much  deeper  rose-colour,  and  are  much  richer  in  didymium  than  the  latter.  The 
separation  thus  cfTectcd  is  very  imperfect  in  itself,  but  it  greatly  facilitates  the  sub- 
sequent separation  of  the  sulphates,  which  is  much  more  rapid,  when  one  of  the 
sulphates  is  in  great  excess  with  regard  to  the  other  (Marignae). 

Mt  tall ic  lanthanum  is  obtained  by  decomposing  the  anhydrous  chloride  with 
sodium,  and  dissolving  out  the  chloride  of  sodium  with  alcohol  of  sp.  gr.  0-833. 
It  is  a  dark,  lead-grey  powder,  soft  to  the  touch,  and  adhering  when  pressed. 

Protoxide  of  lanthanum,  LaO,  r>5  or  i)^^^  is  obtained  in  the  anhydrous  state 
by  igniting  the  precipitated  hydrate  or  carbonate  in  a  covered  crucible.  It  is  a 
white  powder,  which  turns  brown  when  heated  in  the  air,  probably  from  partial 
conversion  into  a  higher  oxide.  The  ht/dratcd  oxide  is  formed  when  the  metal  or 
the  anhydrous  oxide  is  immersed  in  warm  water,  or  when  a  salt  of  lanthanum  is 
precipit:ited  by  caustic  potash.  It  is  a  white  substance,  viscid  while  moist,  and 
slightly  alkaline  to  te.*<t-pripcr.  It  absorbs  carbonic  acid  from  the  air  with  great 
rapidity. 

Oxide  of  lanthanum,  even  after  strong  ignition,  dissolves  very  easily  in  acids. 
When  boiled  with  a  solution  of  chloride  of  ammonium,  it  dissolves  and  expels  the 
ammonia.  The  salts  of  laiithaiiuin  are  perfectly  colourless  when  free  from  didy- 
mium. The  soluble  salts  have  an  a.^^tringent  taste.  Potash  and  soday  added  to 
the  solutions,  throw  down  the  hydrated  oxide,  which  dissolves  completely  in 
clilorine-water,  without  forming  any  yellow  deposit.  Ammonia  throws  down  a 
basic  salt.  Oxalic  acid  or  oxalate  of  ammonia^  throws  down  a  white  flocculent 
precipitate,  which  does  not  become  crystalline.  In  other  respects,  the  solutions 
resemble  those  of  ccrous  salts.  Compounds  of  lanthanum  do  not  impart  any  colour 
to  borax  or  phosphorus  salt. 

Chloride  of  lanthanum  is  obtained  in  the  anhydrous  state  by  igniting  the  oxide 
in  a  current  of  hydrochloric  acid  gas,  and  as  a  hydrate  by  evaporating  a  solution 
of  the  oxide  in  hydrochloric  acid.     It  dissolves  very  readily  in  water. 

Carbonate  of  lanthanum  is  found  native  in  small  crystalline  scales,  containing 
traces  of  protoxide  of  cerium.  When  obtained  by  precipitation,  it  forms  a  gela- 
tinous mass,  which  gradually  changes  into  shining  crystalline  scales  (Mosander). 

Sulphate  of  lanthanum,  LaO  .  SO3,  is  obtained  by  spontaneous  evaporation  in 
small  prismatic  crystals,  containing  3  cq.  of  water  of  crystallization.  It  parts  with 
its  water  at  a  low  red  heat,  and  with  half  its  acid  at  a  strong  red  heat.  It  is  much 
less  soluble  in  hot  than  in  cold  water  (p.  550).  It  forms  with  sulphate  of  potash 
a  very  sparingly  soluble  double  salt,  similar  to  the  sulphate  of  cerium  and 
potassium. 

Nitrate  of  lanthanum  crystallizes  in  deliquescent  colourless  prisms,  very  easily 
soluble  in  water  and  in  alcohol.  When  carefully  heated,  so  as  not  to  expel  any  of 
the  acid,  it  fuses,  and  solidifies  into  a  colourless  glass  on  cooling.  If  the  heat  is 
raised,  so  as  to  drive  oif  a  portion  of  the  acid,  a  fused  mass  remains  which,  on 
cooling,  forms  a  kind  of  enamel,  but  almost  immediately  afterwards  crumbles  to  a 
bulky  white  powder,  and  with  such  force  that  the  particles  are  scattered  about  to 
a  considerable  distance  (Mosander). 
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LaDthanum  is  precipitated  from  its  solutioDs  by  potash,  or  by  oxalate  of  vmw^ 
mn,  and  the  precipitate  converted  by  ignition  in  a  covered  phitinum  cmcible  into 
the  anhydrous  oxide,  containing  85 '7  per  cent,  of  the  metal. 

The  methods  of  separating  lanthanum  from  other  metals  are  the  same  u  tboK 
adopted  for  cerium.*  The  separation  of  lanthanum  from  cerium  itself  may  be 
effected  by  boiling  the  mixed  oxides  in  a  solution  of  chloride  of  ammonium  (p.  ^). 


SECTION  VII. 

DIDTMIUM. 

Eq.  48  or  coo ;  Di. 

Didymium  was  discovered  by  Mosandcr  in  1841  ;*  and  its  compounds  have  since 
been  more  minutely  examined  by  Marignac.f 

A  pure  salt  of  didymium  is  obtained  by  rccrystallizing  the  rose-coloured  rhom- 
bohedrons  which  separate  from  an  acid  solution  of  the  mixed  sulphates  of  lanthioam 
and  didymium  by  spontaneous  evaporation ;  and  from  the  pure  sulphate  thai 
prepared,  the  other  compounds  of  the  metal  may  be  formed. 

Metallic  didymium  is  obtained  by  heating  potassium  with  an  excess  of  chloride 
of  didymium,  and  washing  out  the  soluble  chlorides  with  cold  water.  It  is  thu 
obtained,  for  the  most  part,  as  a  grey  metallic  powder ;  but  partly,  also,  in  fused 
globules.  The  powder^  thrown  into  the  flame  of  a  spirit-lamp,  burns  with  bri^ft 
sparks  like  iron-filings.  The  powder  decomposes  water  at  ordinaiy  tempentares ; 
the  fused  granules  do  not :  in  either  form,  however,  the  metal  dissolves  rapidlj  ia 
dilute  acids,  with  evolution  of  hydrogen. 

Protoxide  of  didymivmy  DiO,  56  or  700.  —  Obtained  in  the  anhydrous  stste 
by  strongly  igniting  the  nitrate,  oxalate,  or  the  precipitated  hydrate  in  a  oorcnd 
crucible.  It  is  perfectly  white ;  is  slowly  converted  into  a  hydrate  by  immersioB 
in  warm  water ;  dissolves  readily  in  the  weakest  acids ;  and  expels  ammonia  from 
ammoniacal  salts  when  boiled  with  them.  The  hydrate,  DiO.HO,  is  a  gelatioou 
mass  resembling  alumina,  but  having  a  very  pale  rose-colour.  It  contracts  nittch 
by  desiccation. 

The  salts  of  didymium  have  either  a  pure  rose-colour,  like  the  sulphate,  or 
slightly  inclining  to  violet,  like  the  nitrate  in  the  state  of  strong  solution.  /'oMji, 
soda,  and  ammojiia  precipitate  the  hydrate;  so  docs  sulphide  of  amrn'mium. 
Carbonate  of  baryta  also  throws  down  the  hyd rated  oxide  slowly,  but  comj»lotolr. 
Oxalate  of  ammonia  precipitates  did^'mium  completely  from  neutral  sk-Iutionii; 
and  oxalic  acid  almost  completely,  unless  the  solution  contains  a  large  cxctS5 1^* 
acid.  The  sulphates  of  potash,  soda,  and  ammonia  form,  immediately  in  stn>D^, 
and  gradually  in  weak  solutions,  rose-white  precipitates  of  double  sulphates^ 
slightly  soluble  in  water,  less  soluble  in  excess  of  the  reagent;  the  soda-salt  w  ilw 
least  soluble  of  the  three.  Phosphoric  and  arsenic  acids,  at  a  boiling  heat,  fora 
precipitates  sparingly  soluble  in  acids.  All  compounds  of  didymium  impart  to 
borax  and  phosphorus-salt  a  very  pale  rose-colour.  They  do  not  colour  carboosle 
of  soda  before  the  blowpipe. 

Peroxide  of  didymium.  —  When  the  oxalate,  nitrate,  carbonate,  or  hydrate  of 
didymium  is  ignited  in  contact  with  the  air,  and  not  very  8trongl3',  a  dark  biwrt 

♦  Pogg.  Ann.  Wi.  604. 

t  Ann.  Ch.  Pbys.  [8],  xxxriiL  148;  Chem.  Soa  Qo.  J.,  tL  26a 
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oxide  IB  obtained,  containing  from  0*32  to  0*88  per  cent,  of  oxygen  more  tlian  the 
protoxide.  When  treated  with  acida  it  disaolyea  readily,  giving  off  the  excess  of 
oxygen,  and  forming  a  solution  containing  the  protoxide.  It  is  probably  a  mixture 
of  the  protoxide  with  a  small  quantity  of  a  higher  oxide  of  definite  composition. 
By  strong  ignition  in  a  close  vessel,  it  is  converted  into  the  white  protoxide. 

Sulpiride  of  didt/mium,  DiS,  is  obtained  by  igniting  the  oxide  in  the  Taponr 
of  bisulphide  of  carbon.    It  is  a  light,  brownish  green  powder,  which  dissolves  in 
acids,   with  evolution   of  hydrosulphuric  acid.     A   greyish-white  oxyndphidey 
2DiO .  DiS,  is  obtained  by  igniting  the  oxide  with  carbonate  of  soda  and  excess  of 
sulphur,  and  digesting  the  fused  mass  in  water  (Marignac). 

Chloride  of  didymium  is  obtained  as  a  hydrate  in  rose-coloured  crystals  of 
considerable  size,  by  evaporating  a  solution  of  the  oxide  in  hydrochloric  acid. 
The  crystals,  which  are  very  soluble  in  water  and  alcohol,  contain  DiC1.4H0. 
The  solution,  when  evaporated,  gives  off  hydrochloric  acid,  and  leaves  an  oxy- 
chloride,  not  however  of  constant  composition  (Marignac). 

Carhonaie  of  didi/miumy  DiO.COf  —  Precipitated  as  a  white,  bulky  hydrate, 
tinged  with  rose-colour,  on  adding  an  alkaline  carbonate  or  bicarbonate  to  a  salt  of 
didymium.  The  precipitate  formed  in  the  cold  with  nitrate  of  didymium  and 
bicarbonate  of  ammonia,  contains,  after  drying  in  vacuo,  DiO.Clg  +  2H0.  At 
212^,  it  gives  off  1^  eq.  water  and  a  small  quantity  of  carbonic  acid  (Marignac). 

Oxalate,  of  didymiumj  C4Di208,  is  precipitated  from  neutral  solutions  as  a  rose- 
white  powder,  which  dissolves  in  warm  nitric  or  hydrochloric  acid,  and  separates, 
on  cooling,  in  the  form  of  a  granular  crystalline  powder,  sometimes  even  m  small 
rose-coloured  prismatic  crystals.  After  drying  in  the  air,  it  contains  8  eq.  water, 
6  eq.  of  which  go  off  at  212°  (Marignac). 

Sulphate  of  didymiurriy  DiO.SOa.  —  Formed  by  dissolving  the  oxide  or  carbo- 
nate in  dilute  sulphuric  acid.  The  solution  is  rose-coloured,  and  deposits,  by 
spontaneous  evaporation,  dark  rose-coloured,  shining  crystals,  having  the  form  of 
an  oblique  rhomboidal  prism  (Mosandcr),  and  cleaving  readily  and  distinctly  in  a 
direction  parallel  to  the  base.  They  contain  3(DiO.S09)  -f  8Aq.,  and  give  off 
the  whole  of  their  water  at  892°  F.  (200°  C),  leaving  an  anhydrous  powder, 
which  may  be  heated  to  redness  without  further  alteration.  A  solution  of  the 
snlphate,  when  heated,  especially  to  the  boiling  point,  deposits  a  crystalline  pre- 
cipitate containing  DiO.SOj  -f  2H0.  The  following  table  exhibits  the  solubility 
of  the  anhydrous  salt,  and  of  the  two  crptalline  hydrates  in  water  at  different 
temperatures : — 

Sulphate  with        Sulphate  orTstallixed 
2  eq.  water.  in  the  cold. 


Temperature. 

jiiuijruiuu 

Sulphate 

12°  0 

431 

14 

39-3 

18 

25-8 

19 

— 

.25     . 

*  20-6 

38 

130 

40 

50 

110 

100 

... 

lG-4 


11-7 


8-8 
6-5 
1-7 


The  anhydrous  sulphate,  exposed  to  the  heat  of  an  intense  charcoal  fire,  gives 
off  two-thirds  of  its  sulphuric  acid^  and  leaves  a  trihasic  sulphatCf  3DiO.SOi 
(Marignac). 

Sulphate  of  didymium,  mixed  in  solution  with  iulph^ite  of  potath,  forms  a  crys- 
talline double  salt,  which  appears  to  contain  KO.SO,+  3(I>iO.SO,)  +  2H0;  it 
dissolves  in  sixty-three  times  its  weight  of  cold  water.  With  tulphate  of  soda  it 
ferma  the  anhydrous  double  salt,  NaO.SOs  +  3(DiO.SOs),  which  requires  two 
hundred  times  its  weight  of  water  to  dissolve  it,  and  is  stiU  less  soluble  in  a  solu- 
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tion   of   sulphate  of   soda.      With  wlphate  of  ammonia^  it  fbrms  ib«  ah 
NH«O.SOs  +  8(DiO.SO,)  +  8H0  soluble  in  eighteen  times  its  weig|ht  of  vaiec 


(Marignac). 

Sulphite  of  didymiumy  DiO.SOt  +  2H0.  —  Oxide  of  didymium  sospendcd  in 
water,  is  readily  dissolved  by  a  stream  of  sulphurous  acid  |*as,  forming  a  Ial^ 
coloured  solution  which  becomes  turbid  when  heated,  forming  a  light  Mkj  pce- 
cipitate,  which  redissolves  as  the  liquid  cools,  unless  the  temperature  has  beet 
raised  to  the  boiling  point,  in  which  case  it  remains  undissolved  (Marignac). 

Nitrate  of  didj/mium,  DiO.NOs-  —  This  salt  is  very  soluble  in  water  and  in 
alcohol  of  the  strength  of  96  per  cent.     The  aqueous  solution  has  a  pure  ras 
colour  when  dilute,  but  appears  violet  by  reflected  light  when  strong.     A  syrapv  w- 
lution  solidifies  on  cooling  into  a  deliquescent  cr}*stallinc  mass,  which,  when  carefoDy 
heated  to  800^  C,  melts,  becomes  perfectly  anhydrous,  and  exhibits  the  compo- 
sition of  the  neutral  nitrate.     At  a  higher  temperature,  it  is  decomposed,  givia; 
off  nitrous  fumes,  and  leaving  a  residue  from  which  water  extracts  a  portion  of 
neutral  nitrate,  and  leaves  a  basic  salt  containing  4Di0.NO5  +  5U0.  (Maripuc). 
Phosphate  of  didymium^  3DiO.POi+2HO.  — Precipitated,  after  a  few  houf, 
as  a  white  powder,  on  adding  a  strong  solution  of  phosphoric  acid  to  a  stron«:  lo- 
lution  of  nitrate  of  didymium.     It  is  insoluble  in  water,  very  sparingly  solubfe  it 
dilute  acids ;  but  dissolves  readily  in  the  stronger  acids  when  concentrated ;  gtm 
off  its  water  when  ignited  (Marignac). 

Arteniate  of  didymium,  5Di0.2A505+2IIO. — Obtained  as  a  pulverulent  pr^ 
cipitate  by  the  action  of  arsenic  acid  on  solutions  of  didymium  at  the  boiling  beali 
or  as  a  gelatinous  precipitate  by  the  action  of  neutral  arseniatc  of  potash  at  oA 
naiy  temperatures.     It  is  but  slightly  soluble  in  dilute  acids  (Marignac). 

The  quantitative  estimation  of  didymium  is  effected  in  the  same  manner  m 
that  of  lanthanum.  The  anhydrous  protoxide  contains  85*7  per  cent  of  Ae 
metal. 

The  methods  of  separating  didymium  from  the  preceding  metals  are  abo  tkc 
same  as  for  lanthanum.  For  separating  it  from  lanthanum  itself^  no  method  Im 
yet  been  devised  sufficiently  exact  for  quantitative  anal}*sis. 


SECTION  VIII. 

TANTALUM. 

Eq.  08-82  or  800-3;  Ta. 

This  metal  was  discovered  by  Ekeberg  in  1802.  Jt  is  a  rare  metal,  occnriag 
only  in  a  few  minerals,  the  principal  of  which  are  Swedish  tantalite  and  yttr^ 
tantalite. 

Tantalum  Is  obtained,  in  the  metallic  state,  by  heating  the  fluoride  of  tantaha 
and  potassium,  or  fluoride  of  tantalum  and  sodium,  with  sodium,  in  a  well  cmeni 
iron  crucible,  and  afterwards  washing  out  the  soluble  salts  b}*  water.  The  rediicci 
metal  thus  obtained  is  not  quite  pure,  being  more  or  less  contaminated  with  wH 
tantalate  of  soda,  the  quantity  of  which  may,  however,  be  diminished  by  corcriig 
the  mixture  in  the  crucible  with  chloride  of  potassium. 

Tantalum  is  a  black  powder,  which,  according  to  H.  Bosc,  is  a  good  ouududv 
of  electricity.  When  heated  in  the  air,  it  bums  with  a  bright  light,  and  is  M* 
verted,  though  with  difficulty,  into  tantalic  acid.  It  is  not  attackra  hj  nilphinib 
hydrochloric,  or  nitric  acid,  or  even  by  aqua  rogia.  It  diaablres  slowly  b  ^ 
aqueous  hydrofluoric  acid,  with  evolution  of  bydrogCDj  and  very  lapUly  in  a 
ture  of  hydrofluoric  and  nitric  acids. 
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Tanti&lum  forms  two  compoands  with  oxygen,  viz.,  tmitaiovs  acuJ,  probably 
TaO,  and  tantalic  acidy  TaO^. 

Tanfahvs  arid  is  obtained  by  placing  tantalic  acid  in  a  small  cavity  in  a  cru- 
cible filled  with  charcoal,  and  exposing  it  to  the  strongest  heat  of  a  blast-furnace; 
a  thin  film  on  the  outride  is  at  the  same  time  reduced  to  the  state  of  metal.  It  is 
a  dark  grey  mass  which  scratches  glass,  and  acquires  metallic  lustre  by  bur- 
nishing. 

Tantalic  acid,  TaO,;  84-82  or  lOGO-3.*— This  compound  is  formed  when  tan- 
talum  burns  in  the  air;  also  by  the  action  of  water  on  chloride  of  tantalum";  and, 
in  the  form  of  a  potash-salt,  by  fusing  metallic  tantalum  or  tantalous  acid  with 
hydrate,  carbonate,  or  bisulphate  of  potash.  It  exists,  in  combination  with  various 
bases,  in  the  minerals  above  mentioned,  and  is  usually  extracted  from  tantalite, 
which  contains  the  oxides  of  iron  and  manganese,  together  with  small  quantities 
of  stannic  and  tungstic  acids,  by  one  of  the  following  processes: — 1.  The  mine- 
ral, after  being  pulverized  and  levigated,  is  fused  with  twice  its  weight  of  hydrate 
of  potash;  the  fused  mass  digested  in  hot  water;  and  the  filtered  solution  super- 
saturated with  hydrochloric  or  nitric  acid :  hydrated  tantalic  acid  is  then  precipi- 
tated in  white  flakes,  which  may  be  purified  by  washing  with  water  (Bcrzelius). 
2.  A  better  method,  however,  is  to  fuse  the  levigated  tantalite  in  a  platinum  cru- 
cible with  six  or  eight  times  its  weight  of  bisulphate  of  potash;  pulverize  the 
mass  when  cold ;  and  boil  it  repeatedly  with  fresh  quantities  of  water  till  no  more 
ftulphate  of  potash,  iron,  or  manganese  is  dissolved  out  of  it.  The  residue,  which 
consists  of  hydrated  tantalic  acid  mixed  with  ferric  oxide,  stannic  acid,  and  tungs- 
tic acid,  is  then  digested  in  sulphide  of  ammonium  containing  excess  of  sulphur, 
which  removes  the  stannic  and  tungstic  acids,  and  converts  the  iron  into  sul- 
phide; the  liquid  is  filtered,  and  the  tantalic  acid  washed  with  water  containing 
sulphide  of  ammonia,  then  boiled  with  strong  hydrochloric  acid  to  remove  the 
iron,  and  finally  washed  with  boiling  water.  The  hydrated  tantalic  acid  thus 
prepared  is  converted  into  the  anhydrous  acid  by  ignition.  It  may  still,  however, 
contain  silica,  to  remove  which,  it  is  dissolved  in  aqueous  hydrofluoric  acid,  the 
filtered  solution  mixed  with  sulphuric  acid  and  evaporated  to  dryness,  and  the 
residue  iirnitcd  as  long  as  its  weight  continues  to  diminish :  the  silica  is  then  ex- 
pelled as  giiseous  fluoride  of  silicon  (Bcrzelius). 

Anhydrous  tantalic  acid  is  a  white  powder,  which  remains  white  when  heated, 
or  acquires  but  a  very  faint  tinge  of  yellow.  Its  specific  gravity  varies  from 
7*022  to  8-264,  increasing  with  the  temperature  to  which  the  acid  has  been 
exposed  (II.  Kose^.  It  neither  melts  nor  volatilizes  when  heated,  and  is  destitute 
of  taste  and  smell.  It  is  reduced  to  the  metallic  state  in  the  circuit  of  a  very 
powerful  voltaic  battery;  partially  also  by  very  strong  ignition  in  contact  with 
charcoal.  When  ignited  in  the  vapour  of  bisulphide  of  carbon,  it  yields  sulphide 
of  tantalum : 

2TaOa  -f  4CS,  =  Ta,S,  +  4C0  -f  5S. 

It  is  insoluble  in  all  acids,  and  can  only  be  rendered  soluble  by  fusion  with  hydrate 
or  carbonate  of  potash. 

llydrati'd  taufalic  acid,  obtained  by  precipitating  an  aqueous  solution  of  tanta- 
late  of  potash  with  hydrochloric  acid,  or  by  decomposing  chloride  of  tantalum  with 
water  containing  a  small  quantity  of  ammonia,  is  a  snow-white  bulky  powder, 
which  reddens  litmus-paper  while  moist,  and  dissolves  in  hydrochloric  and  hydro- 


*  The  composition  of  tantalic  acid  is  usually  represented  by  the  formula  TaOj,  nrhich,  ac- 
cording to  the  original  analysis  of  that  compound  by  Bcrzelius  (88*5  per  cent,  tantalum-}- 
11*5  percent,  oxygon),  giyes  for  tantalum  the  equivalent  number  185.  But  according  to 
the  recent  experiments  of  II.  Rose  (Berl.  Akad.  Bcr.,  185G,  885),  the  tantalum-compounds 
appear  to  contain  2eq.  of  the  chlorous  element,  viz.,  the  chloride,  TaCI,,  tantalic  acid,  TaO,, 
Ac. ;  he  also  finds  the  chloride  to  contain  4D'25  per  ccut.  of  tantalum,  making  the  equiya- 
lent  of  tantalum  68-82. 
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«0einblcSy  it  is  distingaished,  finBt,  by  its  behaviour  before  the  blowpipe ;  secondly, 
)j  its  perfect  insolubility  in  strong  sulphuric  acid  after  ignition,  ignited  titanic 
.cid^  when  finely  pulverized,  being  soluble  in  that  acid ;  and,  thirdly,  by  the  fact 
hat,  when  it  is  fused  with  bisulphatc  of  potash,  and  the  fused  mass  treated  with 
!old  watcr^  the  tantalio  acid  remains  undissolved  in  combination  with  sulphuric 
«id  ;  whereas  titanic  acid,  similarly  treated,  yields  a  fused  mass,  which  dissolves 
lomplctcly  in  a  considerable  quantity  of  cold  water,  provided  the  fusion  has  been 
iontinucd  long  enough.  From  silica,  tantalic  acid  is  distinguished  by  its  behaviour 
Kiforc  the  blowpipe ;  silica  being  insoluble  in  phosphorus-salt,  and  fusing  to  a 
ransparcnt  bead  when  heated  on  charcoal  with  a  small  quantity  of  carbonate  of 
oda.  The  behaviour  of  tantalic  acid  with  zinc,  with  tincture  of  galls,  and  with 
hydrofluoric  acid,  also  distinguishes  it  from  silica. 

Sulphide  of  tantalum,  TajJ^j. — Obtained  by  igniting  tantalic  acid  in  the  vapour 
•f  bisulphide  of  carbon,  or  by  exposing  chloride  of  tantalum  to  the  action  of 
lydrosulphnric  acid  gas.  The  product  is  not  perfectly  definite  in  cither  case. 
!*ho  second  process  yields  a  sulphide  containing  24*08  per  cent,  sulphur,  whereas 
be  formula  Ta^Sj,  requires  25.86  per  cent.  The  former  process  gives  a  product 
ontaining  28*5  per  cent,  sulphur.  Sulphide  of  tantalum  is  a  black  substance, 
rhich  acquires  a  brass-yellow  colour  by  trituration  in  an  agate  mortar.  Heated  in 
n  atmosphere  of  chlorine  gas,  it  is  converted  into  chloride  of  tantalum  and  chlo- 
ide  of  sulphur  (II.  Rose). 

Chlnrifh*  of  tantalum,  TaCV  —  Prepared  by  passing  chlorine  gas  over  a  heated 
jixturo  of  tantalic  acid  and  charcoal.  Tantalio  acid  is  mixed  with  starch  or  sugar, 
nd  the  mixture  completely  charred  by  ignition  in  a  covered  crucible.  It  is  then 
itroduecd  in  small  pieces  into  a  glass  tube  which  is  strongly  heated  by  a  charcoal 
re,  while  a  stream  of  dry  carbonic  acid  is  passed  through  it.  As  soon  as  all  the 
loisturc  is  expelled,  the  tube  is  left  to  cool,  the  flow  of  carbonic  acid  being  still 
ept  up ;  the  carbonic  acid  apparatus  is  then  replaced  by  a  chlorine  apparatus, 
nd  the  tube  again  heated  after  the  carbonic  acid  and  atmospheric  air  have  been 
ompletely  expelled  by  the  chlorine.  Chloride  of  tantalum  is  then  obtained  in 
be  form  of  a  sublimate  of  a  pure  yellow  colour.  If,  however,  the  tantalio  acid 
ontains  tungstic  acid,  the  colour  of  the  sublimate  is  red;  and  if  stannic  or  titanic 
cid  is  present,  yellow  drops  of  liquid  chloride  are  also  produced.  Chloride  of  tan- 
tluni  melts  at  430'',  and  volatilizes  at  291°.  Water  decomposes  it,  forming 
ydrochloric  and  tantalic  acids;  but  the  decomposition  is  not  complete  even  at  the 
oiling  heat :  water  containing  a  small  quantity  of  ammonia  decomposes  the  chlo« 
Ide  perfectly  even  at  ordinary  temperatures.  According  to  the  recent  experiments 
f  II.  Rose,  chloride  of  tantalum  contains  81*14  per  cent,  of  tantalum. 

Bromide  of  tantalum  is  prepared  in  the  same  manner  as  the  chloride;  when 
reed  from  excess  of  bromine,  it  has  a  yellowish  colour. 

yiuoride  of  tantalum,  TaF,. — Ignited  tantalic  acid  docs  not  dissolve  in  aqneoiiu 
ydrochloric  acid;  but  the  hydrate  dissolves,  forming  a  clear  solution,  which, 
rhen  evaporated,  partly  gives  off  the  tantalum  as  fluoride,  but  also  leaves  a  white 
esidue  of  oxyfluoride.  Fluoride  of  tantalum  forms  with  fluoride  of  potassium  a 
rystalline  double  salt,  containing  KF.2TaF2;  and  with  fluoride  of  sodium  the 
ilt,  NaF.TaF,  (H.  Rose). 

ESTIMATION   AND   SEPARATION   OP  TANTALUM. 

Tantalum  is  estimated  in  the  form  of  anhydrous  tantalic  acid,  containing  81-13 
er  cent,  of  the  metal.  It  occurs  in  nature  associated  with  lime,  magnesia,  yttria, 
od  the  oxides  of  iron  and  manganese,  and  occasionally  with  zirconia,  titanic  acid, 
od  a  few  other  substances.  From  these  it  is  separated  by  fusion  with  hydrate  of 
otash,  or,  better,  with  bisulphatc  of  potash,  in  the  manner  already  described 
567}.     Some  compounds  of  tantalio  acid  may  be  decomposed  by  sulphuric  acid, 
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xintain  different  metals,  and  called  respectively  niobic  and  pclopic  acids.  The 
sompoeition  of  these  acids  has  not  yet  been  determined. 

Coiumb(/iis  acid  J  or  a  mixture  of  that  acid  with  columbic  acid,  is  separated  from 
:he  minerals  containing  it  by  processes  similar  to  those  already  described  for  the 
>reparation  of  tantalic  acid  (p.  567);  and  when  the  acid,  or  mixture  of  acids,  thus 
>btained,  is  mixed  with  charcoal  and  heated  in  a  stream  of  chlorine  gas,  with  the 
;)recautions  already  detailed  for  the  preparation  of  chloride  of  tantalum  (p  570),  it 
s  generally  converted  into  two  chlorides,  —  the  one  white,  volatile,  but  not  fusi- 
)le ;  the  other  yellow,  likewise  volatile,  and  easily  fusible ;  the  latter  contains  the 
arger  proportion  of  chlorine.  It  was  the  formation  of  these  two  chlorides  which 
ed  Rose  to  conclude  that  certain  varieties  of  tantalitc  contained  two  distinct 
uetals,  niobium  and  pelopium ;  he  now  finds,  however,  that  the  substance  which 
ne  regarded  as  perfectly  pure  niobic  acid,  obtained  by  the  action  of  water  on  the 
irhitc  chloride,  may,  by  mixing  it  with  a  large  excess  of  charcoal,  and  gently 
igniting  the  mixture  in  a  stream  of  chlorine  gas,  with  strict  attention  to  all  the 
precautions  above  alluded  to,  be  completely  converted  into  the  yellow  chloride,  — 
the  so-called  chloride  of  pelopium.  J^ut  if  a  smaller  quantity  of  charcoal  be  used, 
3r  if  the  mixture  be  too  strongly  ignited  during  the  action  of  the  chlorine,  espe- 
nally  at  the  commencement,  the  white  and  less  volatile  chloride  (chloride  of 
aiobium'),  is  obtained,  as  well  as  the  yellow  compound. 

Columbium  appears,  then,  to  be  capable  of  uniting  with  chlorine  in  two  propor- 
tions )  and  the  chlorides  thus  formed  yield,  when  treated  with  water,  two  acids  of 
:orrcspondin^^  constitution,  viz.,  Columhowi  and  Columhic  acuh,  the  latter,  which 
contains  the  larger  proportion  of  oxygen,  being  formed  from  the  yellow  chloride. 

Columbous  acid  (Rose's  niobic  acid)  may,  like  tantalic  acid,  be  obtained  in  the 
imorphous  and  the  crystalline  state,  viz.,  by  the  rapid  or  gradual  action  of  water 
)n  the  chloride.  Its  specific  gravity  is  lower  than  that  of  tantalic  acid,  and  is 
lubject  to  fcimilar  variations.  JSamplcs  of  the  acid,  prepared  from  various  sources, 
exhibited,  after  ignition  over  a  spirit-lamp  to  the  point  of  incandescence,  specific 
pnvities  ranging  from  4CG  to  5'2G;  by  stronger  ignition,  the  density  was  dimin- 
shed.  The  mean  density  of  the  amorphous  acid  was  found  to  be  greater  than 
hat  of  the  crystalline  in  the  ratio  of  1  to  0*875.  The  acid  is  colourless  both  in 
he  anhydrous  and  hydrated  states,  but  when  heated  assumes  a  yellow  colour, 
nuch  deeper  than  that  of  heated  tantalic  acid.  The  hydrated  acid  becomes 
ncandcscent  during  its  transition  to  the  anhydrous  state. 

Columbous  acid  is  decomposed  by  ignition  in  a  stream  of  hydrosulphuric  acid, 
ind  converted  into  sulphide  of  columbium.  When  ignited  in  ammoniacal  gas,  it 
urns  black,  and  yields  a  large  quantity  of  water. 

Columbous  acid,  after  ignition,  is  insoluble  in  all  acids.  The  hydrated  acid  is 
lut  very  sparingly  soluble  in  hydrochloric  acid  ;  so  that  when  an  alkaline  colum- 
ate  is  precipitated  by  excess  of  hydrochloric  acid,  the  filtrate  retains  only  a  trace 
»f  columbous  acid  in  solution.  The  hydrated  acid  dissolves,  to  a  certain  extent, 
n  oxalic  and  in  hydrofluoric  acid. 

The  alkaline  columhites  are  soluble  in  water,  in  solutions  of  potash  and  carbo- 
late  of  potash,  but  dissolve  with  great  difficulty  in  excess  of  soda  and  carbonate 
>f  soda,  more  sparingly  even  than  tantalate  of  soda.  Columbous  acid  is  precipi- 
ated  from  its  alkaline  solutions  by  acids,  especially  by  sulphuric  acid,  even  at 
irdinary  temperatures ;  whereas  the  precipitation  of  tantalic  acid  requires  the  aid 
)fhcat.  Oxalic  acid  does  not  affect  alkaline  columbitcs;  but  carbonic  acid  gas 
jrecipitatcs  an  acid  salt  soluble  in  a  large  quantity  of  water;  acetic  acid  and  sal- 
imnumtac  also  form  precipitates.  A  solution  of  an  alkaline  columbitc,  acidulated 
irith  sulphuric  or  hydrochloric  acid,  forms  a  red  precipitate  with  fcrrocyanidc  of 
potaasium,  bright  yellow  with  the  ferricyanidr,  and  orange-red  with  inf union  of 
falls,  A  piece  of  zinc,  immersed  in  the  acidulated  solution,  forms  a  beautiful 
>lue  precipitate,  which  after  a  while  changes  to  brown. 

Before  the  blowpipe,  especially  in  the  inner  flame,  columbous  acid  assumes  a 
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JdXTALS  WHOSE  OXIDES  ARE  BZDDCBD  TO  TIIE   METALLIO  STATE  BT  HEAT, 
(NOBLE   metals). 


SECTION  I. 


jFj.  100  or  1250;  Ilg. 

Mcrcni^,  or  quicksilver,  as  it  is  named  from  its  flaidity,  has  been  knowa  from 
lU  antiquity.  It  is  found  to  a.  small  extent  in  the  metallic  state,  but  its  prinoipat 
ore  is  the  native  sulphide,  cinnabar.  The  mast  valuable  European  mines  of  mer- 
cniy  are,  those  of  Almadcn  in  8pain,  nnd  of  Idria  in  Illyria.  At  Almadca  the 
dnnabar  is  found  in  veinx,  often  nearly  fifty  feet  thick,  traversing  micaceous 
scbiflts  of  the  older  transition  period  :  in  Illyria  it  is  disacniir.itcd  in  beds  of  grit, 
bituminous  schiat,  or  compact  limestone  of  more  recent  date.  The  mode  of  ex- 
traction in  both  these  localities,  consists  in  simply  roasting  the  ore  in  a  distillatOiT 
apparatus,  whereby  the  sulphur  is  burned  and  converted  into  sulphurous  acid, 
while  the  mercury  is  set  free  in  the  form  of  vfipour,  nod  condenses  in  chambcn 
or  vessels  provided  for  it. 

The  arrangement  adopted  in  Illyria  is  represented  in  figures  19T,  198, 109.  A  is 
■  large  farnacc  (figs.  197  nnd  199),  on  each  side  of  which  is  a  series  of  condcnslDg 
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Fio.  201. 


-<S3»<3«=^5» 


rhe  fire  is  made  at  A,  ond  the  epace  B,  above  it,  is  filled  with  tlie  ore,  tlio 
;CEt  pieces  bciof;  laid  on  the  perforated  areh  at  the  bottom,  smaller  pieces 
ve,  and  the  whole  covered  with  lumps  of  a  miitnre  of  clay,  powdered  ore,  and 

residues  of  preceding  operations.     The  vapours  pass  through  an  aperture^, 
;he  upper  part  of  tlie  furnace,  into  a  serioa  of  tubular  vessels  called  aludeU, 
a  at  both  ends  and  fittinf;  one  into  the  other.     These  are  laid  on  a  eurface 
•,  o,  called  the  aludcl-hath,  first  descending  a 
le,  then    aseendins,  and  finally  opening  into  |.,g_  002. 

chimney.  The  form  and  disposition  of  the 
dels  is  shown  in  fi^re  202.  The  condensed 
rcury  escapes  at  the  jinnts  of  the  aludels,  and 
i3  into  the  channel  !i  h,  by  which  it  is  eon- 
■ed  into  tlie  reservoirs  m,  n  w.     The  uncondenscd  mercurial  vapour  passes  into 

chamber  E,  where  it  deposits  a  mercurial  dust,  which  yields  by  filtration  aa 
litiooal  quantity  of  lirjuid  mercury,  and  a 

idue    which    is    raised    with    clay    and  P'o.  203. 

indcd  ore,  and  returned  to  tho  furnace  in 

manner  above  mentioned.     The  heating 

the  furnace  is  continued  for  twelve  or 
rteen  hours:  it  is  then  left  to  cool  for 
ee  or  four  days,  after  which  it  is  cleared 

and  armnped  for  another  operation. 
[□  tho  duehy  of  Deux  I'onts,  a  mixture 
cinnabar  and  limestone  is  heated  to  red 
s  in  retorts  of  eartbenwaro  or  cast-iron, 
ced  side  by  side  in  an  oblong  furnace 
■  203)  and  provided  with  receivers  eon- 
iing  a  certain  f|uantity  of  water  ^nl 
do  of  calcium  and  sulphate  of  Innc  are 
a  formed  ind  the  mercury  is  eiohed  in 
mur  which  condenses  in  the  reeeners 
K%  Horaowitz  in  Jtohemia,  a  mixture  of  einmbar  and  =mitliy  scaks  is  placed 
iron  di'bes  which  are  attached  one  abo\e  the  other  hj  the  centres  of  their 
es  to  a  vertical  iron  asu  and  covered  with  an  iron  recciv  r  closed  at  top  and 
pin^  into  water  at  the  bottom  The  upper  part  of  the  receiver  la  aurronnded 
the  furnace,  and  imparts  its  heat  to  the  dishes,  from  which  the  mercury  rises 
rapour  and  coUecta  in  the  water  htlow 

Che  mercury  of  conimeTLO  13  generally  ■( cry  pure,  it  im  sometimes  however, 
taminated  With  foreign  metals,  and  in  that  case  its  fluidity  is  remarkably 
nured 

Uercury  may  be  pnnfiod  bv  distilling  it  from  half  its  weight  of  iron  turnings, 
by  digesting  it  with  a  small  quantity  of  nitric  acid,  or  with  a  solution  of  corro- 
)  sublimate,  which  rids  it  of  metals  more  oxidabte  than  itself.  The  purification 
f  also  be  effected  by  agitating  the  mereury  with  a  small  quantity  of  solution 
Hsquichloride  of  iron.     Pure  niereury  should  leave  no  residue  when  dissolved 
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in  nitric  aciil,  evaporated,  and  ignited ;  when  made  to  raa  dowa  a  slightly  inollnoi 
surface,  it  should  retain  its  round  form,  and  not  drag  a  tail;  and  when  agltatid 
in  a  bottle  with  dry  air,  it  should  not  yield  any  black  powder. 

Mercury  is  liquid  at  ordinary  temperatures.     Its  colour  is  white,  with  a  slule 
of  blue  when  compared  with  that  of  silver,  and  it  has  a  hi)>h  metallic  lu^tr^'.    At 
39*^  or  40*^  below  zero,  it  becomes  solid,  and  crystallizes  in  rotnilar  octulieJnii;'!. 
According  to  M.  Kupflfer,  the  density  of  mercury  at  SO-'i**  is  1:J.58!?^0 ;  at  \\1.\]\ 
13-5509;  and  at  788°,  13-535  (according  to  Kopp,  it  is  13o05  at  '^\^'l'^.    h 
the  solid  state,  its  density  is  about  14-0.     Mercury  boils  at  002*^,  fiTniisi-.'  & 
colourless  vapour,  the  density  of  which  was  observed,  by  Duiuai<,  to  bo  OiCri;  the 
theoretical  density  is  6930.     Mercuiy  emits  a  sensible  vapour  between  (i^-  and 
80°,  but  not  under  20°  (Faraday),     when  heated  near  its  Ixtiling  point.  u.irccTT 
absorbs  oxygen  from  the  air,  and  forms  crystalline  scales  of  the  red  oxide.     It  is 
not  afFected  by  boiling  hydrochloric  or  dilute  sulphuric  acid,  but  is  n-aiiih  dis- 
solved by  dilute  nitric  acid.     This  metal  never  dissolves  in  hydrated  aciJ^  hy  «ub- 
stitution  for  hydrogen.     Mercury  combines  with   oxygen    in    two   prt«p.rtioD«, 
forming  the  black  oxide,  IlgjO,  and  the  red  oxide,  composed  of  single  ci{uivalcat<, 
UgO,  both  of  which  are  bases.     According  to  these  formula?,  the  equivalent  of 
mercury  is  assumed  to  be  100 ;  but  whether  it  should  bo  this  number  or  a  iuu::ipl« 
of  it  by  2,  no  certain  means  exist  of  deciding,  while  we  arc  in  ignorance  of  auj 
isomorphous  relation  of  mercury  with  the  magnesian  metals. 

MERCUROUS  COMrOUXDS. 

Dioxide  of  mercury  (hlach  oxuh),  Mrrcuroxn  oxide,  Hg^O,  20!^  or  2»W  — 
This  oxide  is  obtained  by  the  action  of  a  cold  solution  of  p<>ta>h,  used  iu  cxc:*?, 
upon  calomel.  The  substances  should  be  mixed  briskly  together  in  a  n.tTiar.  in 
order  that  the  decomposition  may  be  as  rapid  as  possible,  and  the  oxide  W  left  a 
dry  spontaneously  in  a  dark  place.  Mr.  I)ono\'an  finds  these  precaution?)  is««- 
sary,  from  the  disposition  of  this  oxide  to  resolve  itself  itito  luetalliu  mercurr  ud 
the  higher  oxide.  The  decomposition  of  mercurous  oxide  is  promoted  by  elec- 
tion of  temperature,  and  by  exposure  to  light. 

Mercurous  oxide  is  a  black  powder,  whose  density  is  10-CO  (J.  Ucrapih^it 
unites  with  acids  and  forms  salts.  Its  soluble  salts  arc  all  partially  doo«jmpc«ed 
by  pure  water,  which  combines  with  a  portion  of  their  acid,  nud  throws  duvai 
subsalt  containing  an  excess  of  oxide.  They  arc  ])recipiUited  black  by  //yZ/W- 
phurtc  acid  and  alkaline  sufjdiidts,  Camd'c  al/calies  throw  down  a  black  pre- 
cipitate of  mercurous  oxide.  The  alkaline  carbonates  precipitate  white  uicrcona 
carbonate,  which  soon  turns  black  from  decomposition.  Carhonate  q/'/.«zrvM  ilso 
decomposes  mercurous  salts,  forming  a  mercuric  salt,  which  remains  in  solatios, 
and  a  precipitate  of  metallic  mercury.  Mercurous  salts  are  decomposed  by  hjJi^ 
chloric  acid  and  soluble  chlorides^  with  precipitation  of  calomel  as  a  white  jiow>iff, 
a  property  by  which  they  arc  distinguished  from  the  salts  of  the  red  oxide  of 
mercury.  In  very  dilute  solutions,  only  an  opalescence  is  produced.  The  p»* 
cipitatc  turns  black  when  treated  with  potash  or  ammonia.  Mercurous  salt;  to 
with  plio&phate  of  soda  a  white  precipitate  of  mercuruus  phosphate,  ami  ^^ 
alkaline  chroma fes,  a  brick-red  precipitate  of  mercurous  chromatc.  Oxalic  atH 
and  alkaline  oxalates  form  a  white  precipitate  of  mercurous  oxalate.  Ferrtiryxtidt 
of  potassium  produces  a  thick  white  precipitate,  und  f err  icy  an  idc  nf  jkoti\§jiiwtk\ 
red-brown  preciintate.      Tincture  of  galls  yields  a  brownish-yellow  precipitate. 

The  salts  of  this,  and  also  of  the  red  oxide,  arc  reduced  to  the  metallic  «t 
by  copper  and  the  more  oxidable  metals,  and  by  the  proto-com pounds  of  tin ;  ilMbr 
phosphorous  and  sulphurous  acids.  The  precipitated  mercury  often  takes  the  foi* 
of  a  grey  powder,  in  which  no  metallic  globules  are  perceptible,  and  remain  b 
this  condition  while  moist.  Mercury  in  this  divided  state  possesses  the  medioail 
qualities  of  the  milder  mercurialsi  and  has  often  been  mistaken  for  black  vai^ 
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To  obtain  precipitated  mercuvyf  equal  weights  of  crystallized  protochloride  of  tin 
[salt  of  tin)  and  corrosive  sublimate  may  be  dissolved,  the  first  in  dilute  hydro- 
3bloric  acid  and  the  second  in  hot  water,  and  the  solutions  mixed,  with  stirring. 
The  salt  of  tin  takes  up  all  the  chlorine  of  the  corrosive  sublimate,  becoming 
bichloride  of  tin,  which  remains  in  solution,  while  the  mercury  is  liberated,  and 
forms  so  fine  a  precipitate,  that  it  requires  several  hours  to  subside.  It  may  be 
prashed  by 'affusion  of  hot  water  and  subsidence,  and  slightly  drained  on  a  filter, 
3Ut  not  allowed  to  dry.  There  can  be  no  doubt  that  it  is  in  this  divided  state, 
ind  not  as  the  black  oxide,  that  mercury  is  obtained  by  trituration  with  fat,  tur- 
pentine, syrup,  saliva,  &c.,  in  many  pharmaceutical  preparations. 

Disulphide  of  mercurt/y  Hg,S,  is  obtained,  as  a  black  precipitate,  by  the  action 
)f  hydrosulphuric  acid  on  a  solution  of  mcrcurous  nitrate  or  upon  calomel.  This 
mlphide  is  decomposed  by  a  gentle  heat,  and  resolve^  into  globules  of  mercury 
md  the  higher  sulphide. 

Dichhridc  of  mercury j  Mercurous  chloride,  Calomel,  Hg,Cl,  235*5  or  2943-75. 
—  A  variety  of  processes  are  given  for  the  preparation  of  this  remarkable  sub- 
itance.  It  may  be  obtained  in  the  humid  way,  by  digesting  \\  parts  of  mercury 
with  I  part  of  pure  nitric  acid,  of  density  from  12  to  1*25,  till  the  metal  ceases 
to  dissolve,  and  the  liquid  has  begun  to  assume  a  yellow  tint.  A  solution  is  also 
prepared  of  1  part  of  chloride  of  sodium  in  32  parts  of  distilled  water,  to  which 
I  certain  quantity  of  hydrochloric  acid  is  added;  and  this,  when  heated  to  near 
^he  boiling  point,  is  mixed  with  the  mercurial  salt.  The  mercury  takes  up  the 
chlorine  of  the  common  salt,  and  the  subchloride  of  mercury  formed  precipitates 
IS  a  white  powder,  while  the  nitric  acid  and  oxygen  are  given  up  by  the  mercury 
to  the  sodium,  which  becomes  nitrate  of  soda : 

NaCl-f-  HgjO.NOs  =  IlggCl  +  NaO.NOs. 

rhe  excess  of  acid  in  this  process  is  intended  to  prevent  the  precipitation  of  any 
lubnitmtc  of  mercury,  which  the  dilution  of  the  nitrate  of  mercury,  on  mixing 
the  solutions,  might  occasion.  Calomel  is  also  obtained  by  rubbing  together,  in  a 
mortar,  4  parts  of  protochloride  of  mercury  (corrosive  sublimate)  with  3  parts  of 
ranning  mercury.  The  mixture  is  afterwards  introduced  into  a  glass  balloon,  and 
roblinied  by  a  heat  gradually  increased.  Here  the  protochloride  of  mercury  com- 
bines with  mercury,  and  the  dichloride  is  produced.  The  same  result  is  obtained 
by  mixing  mercuric  sulphate  with  as  much  mercury  as  it  already  contains,  and 
ibout  one-third  of  its  weight  of  chloride  of  sodium,  and  subliming  the  mixture. 
rhe  vapour  of  the  dichloride  of  mercury,  in  these  sublimations,  is  advantageously 
Dondensed  by  conducting  it  into  a  vessel  containing  hot  water;  the  vapour  of  the 
irater  then  condenses  the  salt  in  an  extremely  fine  and  beautifully  white  powder. 
The  product  of  this  operation  is  recommended  by  its  purity,  as  well  as  by  its 
minute  division ;  for  the  water  dissolves  out  all  the  protochloride  of  mercury  by 
irbich  the  dichloride  is  accompanied.  It  appears  that  whenever  the  dichloride  is 
roblimed,  a  small  portion  of  it  is  resolved  into  mercury  and  the  protochloride. 
As  the  calomel  usually  condenses  in  a  solid  cake,  it  must,  to  prepare  it  for  medi- 
Bftl  use,  be  reduced  to  a  fine  powder,  and  washed  with  hot  water  to  remove  the 
lolnble  chloride. 

Dichloride  of  mercury  is  obtained  by  sublimation,  in  four-sided  prisms,  termi- 
DAted  by  summits  of  four  faces.  When  the  solid  cake  is  finely  pounded,  the  snlt 
•eqoires  a  yellow  tinge.  The  density  of  this  salt  in  the  solid  condition  is  6*5;  in 
the  state  of  vapour  8350.  One  volume  of  the  vapour  contains  one  volume  of 
Tipoor  of  mercury  and  half  a  volume  of  chlorine.  This  salt  is  so  very  sparingly 
SOlable  in  water,  that  when  mcrcurous  nitrate  is  added  to  hydrochloric  acid 
diluted  even  with  250,000  times  its  weight  of  water,  a  sensible  precipitate  of 
diehloride  of  mercury  appears.  When  boiled  for  a  long  time  in  hydrochloric 
uid|  this  salt  is  resolved  into  protochloride  of  mercury  which  dissolves,  and  nier- 
euy  which  IB  reduced. 
87 
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Action  of  ammonia  on  dtchlonde  of  mercury.— The  diy  dichloride  was  foani 

by  Kose  to  absorb  an  equivalent  of  ammoDia,  and  to  become  black.     Expoecd  to 

air,  the  compound  loses  its  ammonia,  and  the  dichloride  of  mercury  recovers  iu 

\?hite  colour.     This  ammoniacal  compound  is  Hg^Cl.NHs,  and  may  be  regarded  u 

H  \  ^^'  *^^*  ^'  ^  dichloride  of  mercury  in  which  1  cq.  of  mereuiy  is  re- 
placed by  mercurammonium,  NHjHg.  Or  agajn,  if  we  suppose  the  mepcurtms 
salt?  to  contain,  not  two  distinct  atoms,  but  a  double  atom  of  mercury  (Ilg'all!;!), 
this  double  atom  being  the  equivalent  of  one  atom  of  hydrogen — thus,  calomels 
Ilg'Cl;  black  oxide  of  mercury =,Hg'0,  &c.,  —  then  the  ammoniacal  compcmnd, 

Hg2Cl.NHj  may  be  regarded  as  chloride  of  mercurosammoniumy  XH,Hg'.Cl,  or 
chloride  of  ammonium  in  which  one  eq.  H  is  replaced  by  a  double  atom  of  mer- 
cury. 

When  calomel  is  digested  in  aqueous  ammonia,  it  turns  black,  and  was  found 
by  Kane  to  be  converted  into  mercvrous  amido^hloride,  HgjCl.HgfNH,,  sal-tm- 
moniac  being  formed  at  the  same  time : 

SHgaCl  +  2NH,  =  HgaCLHggNH,  +  NH.Cl. 

This   compound  may  also  be  regarded  as  chloride  of  bimercurotammoiUMmf 

NHtHg'gCl.  It  is  not  altered  by  boiling  water;  when  quite  dry,  it  is  of  a  grey 
colour. 

Dibromide  of  mercury^  3Iercurou$  bromide,  B[g2Br,  is  a  white  insoluble  powder, 
resembling  in  all  respects  the  dichloride,  and  formed  in  similar  circumfitances.  A 
boiling  solution  of  bromide  of  strontium  was  found  by  Loewig  to  dissolve  thm 
equivalents  of  dibromide  of  mercury,  of  which  one  equivalent  precipitated  daring 
the  cooling  of  the  solution.  When  the  filtered  solution  was  evaporated,  it  de- 
posited a  salt  in  small  crystals,  containing  SrBr.2Hg|Br.  These  cnstals  vers 
decomposed  by  pure  water,  and  resolved  into  the  insoluble  dibromide.  Hi^iBr, 
and  a  double  salt,  SrBr.IIgjBr,  which  dissolved  easily,  and  cr}'stallized  by  erip^ 
ration. 

Din  iodide  of  mercury ^  Mercurous  iodide,  Hg^I,  is  obtained  by  precipitatioo  tf 
a  green  powder,  which  is  red  when  heated.  It  is  also  formed  by  trituratiD?  b>» 
cury  and  iodine  together  in  a  mortar,  with  a  few  drops  of  alcohol,  in  the  p^•po^ 
tion  of  2  eq.  of  the  former  to  1  eq.  of  the  latter. 

No  dicyanide  of  mercury  exists;  and  it  is  doubtful  whether  a  Jijluoridtf  0G^ 
responding  with  the  dioxide,  has  been  formed. 

Mercurotu  carbonate,  Carbonate  of  black  oxide  of  mercury,  HgOj-COr  p^ 
cipitatcs  as  a  white  powder,  when  an  alkaline  carbonate  is  added  to  the  nitntc  d 
the  same  oxide.  The  precipitate  becomes  grey  when  the  liquid  containins:  it  ii 
boiled,  and  carbonic  acid  escapes.  This  carbonate  is  soluble  both  in  carbonic  add 
water,  and,  to  a  slight  extent,  in  an  excess  of  alkaline  carbonate. 

Mercurous  wlphatc.  Sulphate  of  Hack  oxide  of  mercury,  Hp,O.SO,;  2W* 

3100 This  salt  is  obtained  by  digesting  1  part  of  mercury  in  1^  parts  of  ii^ 

phuric  acid,  avoiding  a  high  temperature,  and  interrupting  the  process  as  son  ■ 
all  the  mercury  is  converted  into  a  white  salt.  It  is  also  precipitated  when  h^ 
phuric  acid  is  added  to  a  solution  of  mercurous  nitrato.  The  salt  may  be  waiM 
with  a  little  cold  water.  It  crystallizes  in  prisms,  and  requires  5U0  times  iM 
weight  of  cold  and  300  of  hot  water  to  dissolve  it.  With  aqueous  ammonia  ikii 
salt  forms  a  dark  grey  powder,  containing  ammonia  or  its  elements. 

Mercurous  seleniate Aqueous  solutions  of  selcniate  of  soda  and  meraof* 

nitrate  form  a  white  precipitate,  probably  consisting  of  the  neutral  salt,  Hf^.Sc(^ 
which,  however,  gradually  turns  yellow  during  washing,  and,  when  dried  at  lOfr 
IS  found  to  be  reduced  to  GHgiO.SScOa  (Kbmer). 
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Mercurous  selenite.  —  The  neutral  salt  HggO.SeOi  b  found  native  as  ono/ritCy  a 
jellow  earthy  mineral,  occurring,  to<!ethor  with  horn-quicksilver  and  native  mcr« 
cury,  at  San  Onofrio,  in  Mexico.  It  is  also  obtained  by  double  decomposition  as 
a  white  powder,  which  mclta  at  356^,  and  when  heated  above  that  point,  is 
converted  into  a  brick-red,  opaque,  crystalline  mass  of  the  salt,  3Hg20.4ScOt, 
(Kohlcr).* 

Mercurous  nitrates,  Nitrates  of  hJack  oxide  of  mercury,  — The  neutral  nitrate 
is  obtained  when  mercury  is  dissolved  in  an  excess  of  cold  nitric  acid :  it  crys* 
tnllizes  readily  in  transparent  rhombs.  It  is  soluble  with  heat  in  a  small  quantity 
of  watej^  but  is  decomposed  by  a  lar<:^e  quantity  of  water,  and  an  insoluble  sub- 
salt  formed,  unless  nitric  acid  be  added  to  the  water.  The  formula  of  this  salt  is 
HjTiO.NOs  4"  2  HO.  A  sulnitrate  is  formed  when  the  black  oxide  is  dissolved  in 
a  solution  of  the  preceding  salt,  or  when  an  excess  of  mercury  is  digested  in 
diluted  nitric  acid  at  the  usual  temperature.  It  crystallizes  readily  in  white, 
opaque  rhombic  prisms,  which  contain,  according  to  both  G.  Mitscherlich  and 
Kane,  SHgA^NOj  +  3110;  or,  according  to  Marignac,  4Hpj0.3N03 -}- HO. 
This  salt  was  observed  by  G.  Mitscherlich  to  be  dimorphous.  When  dissolved  by 
dilute  nitric  acid,  it  yields  the  neutral  salt.  The  subnitrato  is  soluble  in  a  little 
water,  but  when  treated  with  a  large  quantity,  it  leaves  undissolved,  like  the  neu- 
tral nitrate,  a  white  powder,  which  retains  its  colour  so  long  as  the  supernatant 
liquid  is  acid,  but  becomes  yellow  when  washed  with  water.  The  yellow  suh^ 
nitrate  of  mercury  was  found  to  contain  2HgjO.N05  -f-  HO  (Kane).  Another 
fiubnitrate,  contaiuing,  according  to  Marignac,  5Hg20.3N05  +  2H0,  is  obtained 
by  boiling  the  solution  or  the  mother-liquor  of  the  neutral  or  the  sesquibasio 
citrate  with  excess  of  mercury  for  several  hours.  This  salt  crystallizes  in  colour- 
less or  slightly  yellow  crystals,  derived  from  an  unsymmetrical  oblique  prism ;  it 
appears  to  bo  the  most  stable  of  all  the  mercurous  subnitrates.  When  very  dilute 
ammonia  is  added  to  the  preceding  soluble  nitrates,  without  neutralizing  the  whole 
acid,  a  velvety  black  precipitate  falls,  known  as  Hahnemann's  soluble  mercury. 
This  salt  contains,  according  to  the  analysis  of  G.  G.  Mitscherlich,  SHgjO.NOs  + 
NH).  But  when  pains  were  taken  to  avoid  decomposition  of  the  salt  in  washing 
it,  its  composition  was  found  by  Kane  to  be  2HgaO.N05  -f"  NH,.  Bibasic  mer- 
curous nitrate,  mixed  in  solution  with  nitrate  of  lead,  yields  a  crystalline  double 
salt,  containing  2(Pb0.N05)  +  2Hg40.N08 ;  and  similar  double  salts  with  the 
nitrates  of  baryta  and  strontia  (G.  Staedeler). 

Mercurous  acetate^  IIg20.C4Hs03,  falls  when  acetic  acid,  or  an  acetate,  b  added 
to  the  nitrate,  in  crystalline  scales  of  a  pearly  lustre.  It  is  anhydrous,  and 
sparingly  soluble  in  water. 

MERCURIC  COMPOUNDS. 

Protoxide  of  mercury  (red  oxide) ,  Mercuric  oxide,  HgO,  108  or  1351. — ^This 
compound  is  formed,  as  described,  by  the  oxidation  of  mercury  at  a  high  tempera- 
ture, or  by  heating  the  nitrate  of  mercury  till  all  the  nitric  acid  is  expelled,  and 
the  mass,  calcined  almost  to  redness,  no  longer  emits  vapours  of  nitric  oxide.  As 
prepared  by  the  latter  process,  protoxide  of  mercury  forms  a  brilliant  orange-red 
powder,  crystallized  in  plates,  and  having  the  density  11*074.  It  is  very  dark 
red  at  a  high  temperature,  but  becomes  paler  as  it  cools.  When  reduced  to  a  fine 
powder,  it  becomes  yellow,  like  litharge,  without  any  shade  of  red.  It  was  found 
Dj  Mr.  Donovan  to  be  soluble  to  a  small  extent  in  water,  forming  a  solution  which 
has  a  slight  alkaline  reaction.  If  contaminated  with  nitric  acid,  it  gives  off  nitrous 
fames  when  heated  in  a  glass  tube,  and  forms  a  yellow  sublimate  of  subnitrate. 
This  oxide  is  known  in  pharmacy  as  red  precipitate.  The  same  compound  is  ob- 
tained by  precipitation,  when  a  solution  of  corrosive  sublimate  is  mixed  with  aa 

*  Pogg.  Ann.  Izxxix.  146. 
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excess  of  caustic  potash ;  it  then  forms  a  dense  powder  of  a  lemon-jellow  colour. 
It  is  necessary  to  use  the  potash  in  excess,  otherwise  a  dark  brown  oxjchluridc  ia 
formed.  The  precipitated  oxide  parts  with  a  little  moisture  when  p?nik  hvjtcd, 
but  does  not  change  in  appearance.  This  yellow  precipitated  oxide  diffcre  in  some 
respects  from  the  red  oxide ;  it  combines  in  the  cold  with  oxalic  acid,  whcreu  tlie 
red  oxide  does  not ;  it  is  converted  into  black  oxychloride  by  the  action  of  aa 
alcoholic  solution  of  mercuric  chloride,  which  has  no  action  on  the  red  oxide,  and 
it  is  attacked  by  chlorine  much  more  readily  than  the  latter.  At  a  red  heat,  th< 
oxide  of  mercury  is  entirely  volatilized  in  the  form  of  oxygen  and  metallic  nit-r- 
cury;  the  same  decomposition  takes  place  more  slowly  under  the  influence  of 
light.  The  oxide  detonates  when  heated  with  sulphur,  and  converts  chlurice  into 
hypochlorous  acid. 

The  salts  of  mercuric  oxide,  when  they  do  not  contain  a  coloured  acid*  are 
colourless  in  the  neutral,  and  yellow  in  the  basic  state.     They  have  a  disagnvalle 
metallic  taste,  and  act  as  violent  acrid  poisons.     Some  of  them,  r.  f/.,  the  nitrate 
and  sulphate,  are  resolved  by  water  into  a  soluble  acid  salt,  and  an  insoluble  ba^ie 
salt.     From  their  aqueous  solutions  the  mercury  is,  for  the  most  part,  precipitated 
in  the  metallic  state  by  the  same  substances  as  from  mercurous  salt? ;  but  tho  a^m- 
plete  reduction  of  the  mercury  is  often  preceded  by  the  formation  of  a  mcK-ui\  us 
salt :  such,  for  example,  is  the  action  of  phosphorous  acid,  sulphurous  acid,  pn-o 
chloride  of  tin,  metallic  copper,  &c.     Gold  does  not  by  iti«elf  reduce  mcrciiry 
from  its  salts ;  but  if  a  drop  of  a  mercuric  solution  be  laid  on  a  piece  cf  pold, 
and  a  bar  of  zinc,  tin,  or  iron  be  brought  in  contact  with  the  moistened  surface, 
an  electrolytic  action  is  set  up,  and  the  gold  becomes  amalgamated  at  tlic  point  of 
contact.     Ui/drosulphuric  acid  and  alknline  sulphides,  added  in  oxcc-ss  to  mer- 
curic salts,  throw  down  a  black  precipitate  of  mercuric   sulphide,  insulublc  in 
strong  nitric  acid.     If,  however,  the  quantity  of  the  re-agcnt  added  is  not  rnf- 
ficient  for  complete  decomposition,  a  white  precipitate  is  formed  con.<istin«:  i>f  i 
compound  of  mercuric  sulphide  with  the  original  salt,  and  often  coloured  yellov 
or  brown  by  excess  of  the  sulphide :  this  re-action  is  quite  peculiar  to  uicrcDne 
salts.     Ammonia  and  carbonate  of  ammonia  form  white  precipitates,  generallr 
consisting  of  a  compound  of  the  mercuric  salt  with  amide  of  mercutr.    Tbe 
fixed  alkalies  throw  down  a  yellow  precipitate  of  mercuric  oxide  (not  hydratu;), 
insoluble  in  excess.     If,  however,  the  solution  contains  a  large  quantity  of  free 
acid,  no  red  precipitate  is  formed,  or  only  a  slight  one  after  a  considerable  tiiM. 
Monucarhonaie  of  potash  or  soda  throws  down  red-brown    mercuric   carbooate. 
But  if  any  ammoniacal  s:ilt  is  present  in  the  solution,  the  fixed  alkalies  and  their 
carbonates  throw  down  the  white  precipitate  above  mentioned.     JBicarlonate  yf 
potasli  or  soda  also  gives  a  brown-red  precipitate,  with  mercuric  nitrate  or  fiJ- 
phate  ]  but  with  the  chloride  it  forms  a  white  precipitate  which  afterwards  tnrai 
red.     The  carhonatvs  uf  barf/fa,  strontia,  and  lime  precipitate  mercuric  oxido 
from  the  solutioirs  of  the  sulphate  and  nitrate,  but  not  from  the  chloride.    Plut- 
phate  of  soda  throws  down  white  mercuric  phosphate  from  tho  sulphate  ud 
nitrate,  but  not  from  the  chloride.      Chromate  of  potash  forms  a  yellowish  red 
precipitate.     Ferroej/nnide  of  potassium  fonus,  in  solutions  not  too  dilute,  a  whJM 
precipitate  which  gradually  turns  blue.     Tincture  of  galls  forms  an  orange-nUov 
precipitate  with  all  mercuric  solutions  except  tho  chloride.     Iodide  of  potauiit» 
produces  a  scarlet  precipitate  of  mercuric  iodide,  soluble  in  excess  either  of  ^ 
mercuric  salt  or  of  iodide  of  potassium. 

When  aqueous  ammonia  is  digested  for  several  days  upon  precipitated  oxide  d 
mercury,  the  latter  is  converted  into  a  yellowish  white  powder,  which  Kane  ttpxh 
as  2HgO.HgNH2-hSlIO,  or  as  a  liydrated  e<;uipound  of  amide  and  oxide  of  meicUTt 
which  may  be  called  oxyamide  of  mercurv.  According  to  Millon,*  on  the  other 
hand,  its  composition  is  4HgO.Nris-f -^HO,  or.rathcr  3IIgO .  HgNH|.HO+2H0. 

*  Compt  rend.  xxi.  826. 
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This  substance,  when  placed  in  vacno  over  quicklime,  gives  off  2  eq.  water,  turns 
brown,  and  in  that  state  undergoes  no  further  alteration  by  exposure  to  the  air 
at  ordinary  temperatures;  but  between  100^  and  130^  C,  it  gives  off  a  third 
atom  of  water,  and  is  reduced  to  the  anhydrous  compound  3HgO .  HgNEIg.  The 
yellow  hydrated  compound  rapidly  absorbs  carbonic  acid  from  the  air,  and  turns 
white.  Dilute  potash  has  no  action  upon  it;  but  very  strong  potash,  at  a  boiling 
heat,  decomposes  it,  with  evolution  of  ammonia.  The  brown  anhydrous  compound 
resists  the  action  of  aqueous  potash  even  at  the  boiling  heat,  but  is  decomposed 
by  fusion  with  hydrate  of  potash.  Oxy amide  of  mercury  is  a  powerful  base,  and 
expels  ammonia  from  its  salts.  One  equivalent  of  this  compound,  represented  by 
the  formula  3HgO .  HgNHj,  saturates  1  eq.  of  sulphuric  acid,  nitric  acid,  &c. ; 
thus  the  sulphate  is  3HgO .  HgNH, .  SO,;  the  nitrate,  3HgO.HgNHj.N05+  HO, 
&c.  &c. 

Nitride  of  merairt/f  Merair ammonia,  NHgg.  —  This  compound  is  formed  by 
passing  dry  amraoniacal  gas  over  precipitated  mercuric  oxide  previously  well 
"washed  and  dried : 

3HgO+Nn,— NHg3+3HO. 

After  removing  the  excess  of  mercuric  oxide  by  dilute  nitric  acid,  the  mcrcuram- 
monia  is  obtained  in  the  form  of  a  dark  flea-brown  powder,  which  explodes,  by 
heat,  friction,  percussion,  or  by  contact  with  oil  of  vitriol,  almost  as  violently  as 
iodide  of  nitrogen.  When  carefully  heated  with  hydrate  of  potash,  it  is  decom- 
posed without  detonation,  yielding  ammouiacal  gns  and  sublimed  metallic  mer- 
cury. It  is  also  decomposed  by  hydrochloric  acid,  sulphuric,  and  concentrated 
nitric  acid,  yielding  nn  ammoniacal  and  a  mercuric  salt.  It  may  be  regarded  as 
ammonia  in  which  the  hydrogen  is  entirely  replaced  by  an  equivalent  quantity  of 
mercury,  (Plantamour).* 

By  the  action  of  various  ammoniacal  salts  at  a  boiling  heat  on  mercuric  oxide, 
compounds  are  obtained  consisting  of  nitride  of  mercury  combined  with  mercuric 
salts:  e.g,  with  nitrate  of  ammonia,  the  compound  NHg8+2(3HgO.  NOs)  is 
obtained ;  with  phosphate  of  ammonia,  the  compound  NFIgj-h  3HgO .  POj-f  211 0 ; 
with  carbonate  oi  ammonia,  the  compound  2(NHg3+HgO.  COa-f-2HO)4-IIO; 
with  chromate  of  ammonia,  the  compound  JSTHga.  IlgO .  2HO  +  4rHgO.Cr03), 
which  when  treated  with  ammonia  is  converted  into  NHga-f  IlgO.  CrOs+2110; 
with  acetate  of  ammonia,  the   compound   NIIg34-C4H3lIg04  + 4H0,  &c.  &c. 

(Hirzel).t 

Pi-otosulphide  of  mercury,  Mercuric  sulphide,  Cinnabar,  HgS;  116  or  1450. 
—  This  is  i\\c  common  ore  of  mercury,  and  sometimes  occurs  cr}'8tallized,  forming 
a  beautiful  vermilion.  It  is  prepared  artificially  by  fusing  one  part  of  sulphur  in 
a  crucible,  and  adding  to  it  by  degrees  six  or  seven  parts  of  mercury,  stirring  it 
after  each  addition,  and  covering  it  to  preserve  it  from  contact  of  air,  when  it 
ioflames,  from  the  heat  evolved  in  the  combination.  The  product  is  exposed  to  a 
sand-bath  heat,  to  expel  the  sulphur  uncombined  with  mercury,  and  afterwards 
sublimed  in  a  glass  matrass  at  a  red  heat.  A  brilliant  red  mass  of  a  crystalline 
structure  is  thus  obtained,  which,  when  reduced  to  fine  powder,  forms  the  lively 
red  pigment  vermilion.  This  sulphide  is  black  before  sublimation.  It  is  precipi- 
tated black  also  when  hydrosulphuric  acid  is  passed  through  a  solution  of  corro- 
sive sublimate,  but  is  of  the  same  composition  in  both  states.  The  sulphide  of 
mercury,  however,  may  be  obtjiined  of  a  red  colour  without  sublimation,  or  in  the 
humid  way,  by  several  methods. 

Licbig  recommends  for  this  purpose  to  moisten  the  preparation  called  white  pre- 
cipitate, recently  prepared,  with  sulphide  of  ammonium,  and  allow  them  to  digest 
together.  The  black  sulphide  is  instantly  produced,  which  in  a  few  minutes 
passes  into  a  fine  red  cinnabar,  the  colour  of  which  is  improved  by  digesting  it  at 

•  Ann.  Ch.  Phann.  xl.  115.  f  Ann.  Cfa.  Pbarxn.  Ixxziv.  268. 
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a  i^^ntlc  heat  in  a  Btrong  solution  of  hydrate  of  potash.  The  salphidc  of  ammo- 
nium used  in  this  experiment  is  prepared  by  dissolvin;;  sulphur  to  ntaraiion  in 
hjdrosulphate  of  ammonia.  Cinnabar  is  not  attacked  by  sulphuric,  nitric  or 
hydrochloric  acid,  or  by  solutions  of  the  alkalies,  but  is  dissolved  by  aqua>Tv^ia. 

Protochloride  of  mercury ^  Mtrcuric  chloride,  Corrosive  fMiniatrj  lo-^  5  or 
1693*75. — ^This  compound  may  bo  formed  by  dissolving  red  oxide  of  mercury  ia 
hydrochloric  acid,  or  by  adding;  hydrochloric  acid  to  any  soluble  salt  of  that  osidt' ; 
but  it  is  generally  prepared  in  a  different  manner.  Four  parts  of  mercury  are 
added  to  five  parts  of  sulphuric  acid,  and  the  mixture  boiled  till  it  is  cwuvi-rtod 
into  a  dry  saline  mass.  The  mercuric  sulphate  thus  obtained  is  mixed  vith  an 
c(|ual  weight  of  common  salt,  and  heated  strongly  in  a  retort  by  a  sand-bath ; 
chloride  of  mercury  sublimes  and  condenses  in  the  upper  part  and  nock  if  the 
retort,  while  sulphate  of  soda  remains  behind  with  the  excess  of  chloride  of  sodium. 
The  mercury  and  sodium  have  exchanged  places  in  the  salts ; 

NaCl  +  HgO .  SO,  =  HgCl  +  NaO .  SO,. 

Mercury,  when  heated  in  a  stream  of  chlorine  gas,  bums  with  a  pale  flame,  and 
is  converted  into  a  white  sublimate  of  chloride.  The  salt  has  been  prepan^d  vn  a 
large  scale  in  this  manner,  which  was  suggested  as  a  manufacturing  proccs^  by  Dr. 
A.  T.  Thomson. 

The  sublimed  chloride  of  mercury  forms  a  crystalline  mas8,  the  density  of  which 
is  6*5 ;  it  fuses  at  509°,  and  boils  at  about  503°.  The  vapour  of  chloride  of  mtir- 
cury  is  colourless,  its  density  9420,  one  volume  of  it  containing  1  volume  of  mer- 
cury vapour  and  1  volume  of  chlorine  gas.  This  salt  is  soluble  in  IG  parts  of  ccid 
and  in  8  parts  of  boilin'g  water,  in  2}  parts  of  cold  and  in  H  part  of  boiling  alco- 
hol, and  in  3  parts  of  cold  ether.  It  is  not  decomposed  by  sulphuric  or  niuie 
acid;  is  largely  dissolved  by  the  latter,  and  also  by  hydrochloric  acid.  It  is 
obtained  by  sublimation  and  from  solution  in  two  different  crystalline  forms.  The 
solutions  of  chloride  of  mercury  exposed  to  the  direct  rays  of  the  sun  eroin 
oxygen,  while  hydrochloric  acid  is  dissolved  and  dichloride  of  mercury  precipi- 
tates. The  decomposition  of  this  salt  by  the  action  of  light  is  much  men 
rapid  when  the  solution  contains  organic  matter.  The  poisonous  action  of  chloride 
of  mercury,  which  is  scarcely  inferior  to  that  of  arsenious  acid,  is  best  conntencted 
by  liquid  albumen,  with  which  chlorido  of  mercury  forms  an  insoluble  and  ineit 
compound. 

Many  metals,  viz.  arsenic,  antimonv,  bismuth,  zinc,  tin,  lead,  iron,  nickel,  ui 
copper,  decompose  mercuric  chloride  m  the  dry  way,  withdrawing  the  half  or  the 
whole  of  its  chlorine,  and  separating  calomel  or  metallic  mercury,  which  latur 
forms  an  amalgam  with  the  excess  of  the  other  metal.  Arsenic  forms  tcrchlcriie 
of  arsenic  and  a  brown  sublimate.  An  intimate  mixture  of  3  pts.  antiniooy  laJ 
1  pt.  corrosive  sublimate,  well  pressed  into  a  glass,  becomes  hot  and  liquid  in  tie 
course  of  half  an  hour,  and  on  the  application  of  heat  yields  terchloride  of  anti- 
mony and  metallic  mercury.  Tin  heated  with  corrosive  sublimate  yields  %  difti^ 
late  of  bichloride  of  tin,  and  a  grey  residue  containing  calomel  and  protochloride 
of  tin.  Many  metals  also  reduce  the  niercuir  from  the  aqueous  or  alcoholic  ub* 
tion  of  the  chlorido  (p.  581).  Most  metals  throw  down  calomel  together  with  the 
mercury;  but  zinc,  cadmium,  and  iron  precipitate  nothing  but  mercufr,  liv 
being  thereby  converted  into  a  semi-fluid  amalgam,  and  cadminm  fonDiDc;  n 
amalgam  which  crystallizes  in  beautiful  needles.  The  other  reactions  of  Derctfif 
chloride  in  solution  have  been  already  described  (p.  581,  582). 

Chloride  o/mcrcurf/  with  ammonia,  —  1.  When  chloride  of  merranr  is  ccDtlT 
heated  in  a  stream  of  ammoniacal  gas,  the  latter  is  absorbed,  and  thecompooM 
fuses  from  heat  evolved  in  the  combination.  The  product  was  found  by  Rm  t9 
contain  2HgCl .  Nil,.  This  compound  boils  at  590^,  and  may  be  distilled  vilboA 
loss  of  ammonia ;  it  is  decomposed  by  water.  —  2.  F%uibU  icAtVc  prrdfiitak. 
When  the  double  chloride  of  mcrcoxy  and  ammonioiOi  called  nl  alrmbni^i  it 


KITROGHLORIDE    OF    MERCURY.  583 

precipitated  by  potasb  in  the  cold,  a  white  powder  is  obtained,  which  was  first 
distingaished  by  Wohler  from  the  compound  next  described ;  its  composition  may 
be  expressed,  according  to  Kane's  analysis,  by  the  formula  HgCLNHs.  The 
same  compound  is  also  formed  when  ammonia  is  added  to  a  solution  of  sal-ammo- 
niac, the  liquid  brought  to  the  boiling  point,  and  chloride  of  mercury  dropt  into 
it  so  long  as  the  precipitate  which  is  produced  is  redissolvcd.  The  compound 
appears,  on  the  cooling  of  the  solution,  in  small  crystals,  which  are  garnet  dode- 
cahedrons (Mitschcrlich).  The  crystalline  form  of  this  compound  belongs,  there- 
fore, to  the  regular  system,  like  that  of  sal-ammoniac. 

3.  Mercuric  amido-chloride.  — The  compound  known  as  white  precipttatef  and 
sometimes  infusible  white  precipitate,  to  distinguish  it  from  the  preceding,  is 
formed  when  ammonia  is  added  to  a  solution  of  chloride  of  mercury.  When  first 
produced,  it  is  bulky  and  milk-white ;  it  is  decomposed  by  hot  water  or  by  much 
washing  with  cold  water,  and  acquires  a  yellow  tinge.  Kane  has  shown  that 
white  precipitate  is  free  from  oxygen,  and  contains  nothing  but  the  elements  of  a 
double  chloride  and  amide  of  mercury,  and  represents  it  by  the  formula  HgCl. 
HgNHj.  White  precipitate  is  distinguished  from  calomel  by  solution  of  ammo- 
nia, which  does  not  alter  the  former,  but  blackens  the  latter :  it  is  readily  dis- 
Bolved  by  acids. 

4.  Nitrochlaride  of  mercury,  —  Mitscherlich  has  observed  that  when  white 
precipitate  is  gradually  heated  in  a  metal  bath,  and  the  heat  continued  for  a  long 
time,  three  atoms  of  it  give  off  two  atoms  of  ammonia  and  one  atom  of  chloride 
of  mercury,  while  a  red  matter  remains  in  crystalline  scales,  having  much  the 
appearance  of  red  oxide  of  mercury  produced  by  the  oxidation  of  the  metal  in  air, 
and  containing  two  atoms  of  chloride  of  mercury,  united  with  a  compound  of  one 
atom  of  nitrogen  and  three  atoms  of  mercury,  2HgCl.NIIg3.  He  concludes  that 
the  atom  of  white  precipitate  should  be  multiplied  by  three ;  its  decomposition 
bj  the  heat  of  the  metal  bath  will  then  be  represented  by  the  equation : — 

3(HgCl.HgNH«)  =  2HgCl . NHg, -I-  2NH,  +  HgCl. 

The  red  compound  is  itself  decomposed  by  a  temperature  above  680**,  and 
resolved  into  chloride  of  mercury,  mercury  and  nitrogen.  It  is  insoluble  in  water, 
and  is  not  altered  in  boiling  solutions  of  the  alkalies.  It  may  be  boiled  without 
change  in  diluted  or  concentrated  nitric  acid,  and  in  pretty  concentrated  sulphuric 
acid,  but  is  decomposed  and  dissolved  when  boiled  in  the  most^  concentrated  sul- 
phuric acid  or  in  hydrochloric  acid ;  no  gas  is  evolved,  but  ammonia  and  chloride 
of  mercury  are  found  in  the  acid  solution.  The  compound  NHgj  is  not  isolated 
by  passing  ammonia  over  the  heated  red  compound.  Mercury  conducts  itself  in 
these  compounds  in  the  same  way  as  potassium  with  ammonia,  the  olive-coloured 
substance  produced  by  the  action  of  dry  ammonia  upon  potassium  being  the 
amide  of  potassium,  3(K.Nn2),  ^^d  the  plumbago-looking  substance  left  on 
heating  the  amide  of  potassium,  when  ammonia  escapes,  a  compound  of  nitrogen 
and  potassium,  NK,.^ 

5.  When  white  precipitate  is  boiled  in  water,  it  is  changed  into  a  heavy  canary- 
yeUow  powder,  which  Kane  regards  as  a  compound  of  the  amido-chloride  of 
mercury  with  oxide  of  mercury,  HgCl.  HgNHj.iHgO.  Two  atoms  of  water  are 
decomposed  in  its  formation,  yielding  the  two  atoms  of  oxygen  which  are  found 
in  the  yellow  compound,  while  the  two  atoms  of  hydrogen,  added  to  an  atom  of 
chlorine  and  an  atom  of  amidogen,  form  an  atom  of  hydrochlorate  of  ammonia, 
which  is  found  in  solution  : 

2(HgCl .  HgNH,)  -t-  2H0  =  HgCl .  HgNHj».2HgO  -t-  NH.Cl. 

Solutions  of  potash  and  soda  convert  white  precipitate  into  the  same  yellow 
Biibetance,  while  a  metallic  chloride  is  formed  and  ammonia  evolved,  (Kane). 

*  Mitscherlich  in  Poggendorff's  Annalen,  voL  xxxiz.  p.  409. 
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The  fivo  compounds  just  described  may  be  regarded  as  nlta  of  metalloidal 
rndicals,  formed  from  ammonium  (NH4)  in  which  the  whole  o^  part  of  the  b\drci:tD 
is  replaced  by  an  equivalent  quantity  of  m  reury.  Thus,  the  fiuible  white  pit* 
cipitate,  HgCl.NHj,  may  be  regarded   as   a  chloride  0/ meratrammonium,  ^ 

Cl.N  \  tt'  ;  the  preceding  compound,  2HgCl.NHj,  as  a  double  chloride  consUtiDg 

of  the   same   compound  united  with  chloride  of  mercury,  namely  as  ClHs;  + 

Cl.N  -j  tt'  ;  similarly,  infusible  white  precipitate,  HgCl.HgNH„  is  a  chioriik  0/ 

(II 
limercurammontvm,  CIN  -j  jA  ;   the  yellow  powder  obtained  by  boiling  this 

compound  with  water  is  a  chloride  of  tctrafnercnrammoniuvn  combined  with  tiro 
atoms  of  water,  =  ClNHg4  -f  2H0;  and  the  red  compound,  2HgCl.NlIc,,  iiiay 
be  regarded  as  a  compound  of  this  same  chloride  with  chloride  of  mvrturj, 
namely  as  ClHg.ClNlIg4. 

Oxychloride  of  mercvry,  —  When  a  solution  of  corrosive  sublimate  is  precipi- 
tated by  potash  or  soda,  mercuric  oxide  goes  down,  in  combination  with  a  portion 
of  chloride,  as  a  brown  precipitate,  unless  a  considerable  excess  of  alkali  be 
employed.  The  same  oxychloride  is  produced  by  an  alkaline  carbonate :  but  a 
double  carbonate  is  then  also  formed.  Chloride  of  mercury  is  not  immediatelj 
precipitated  by  the  bicArbonatcs  of  potash  and  soda ;  and  hence  that  salt  msy  be 
employed  to  detect  the  presence  of  a  neutral  alkdine  carbonate  in  theM  hicar- 
bonates.  This  oxychloride  may  also  be  formed  by  passing  chlorine  thn>u^h  a 
mixture  of  water  and  oxide  of  mercury.  It  may  be  obtained  crystalline  and  of  a 
very  dark  colour,  almost  black,  by  mixing  corrosive  sublimate  with  chloride  of . 
lime,  and  boiling  the  liquid,  or  by  treating  a  solution  of  corrosive  subliniate  with 
bicarbonate  of  potash,  and  allowing  the  solution  to  stand  in  an  open  vessel.  wb<ca 
carbonic  acid  gradually  escapes,  and  the  compound  HgCI.4HgO  is  dopc^iitcd. 
This  oxychloride  is  decomposed  by  a  moderate  heat,  chloride  of  mercury  subliming, 
while  the  red  oxide  remains. 

Sidphochloride  of  mercury,  HgC1.2HgS.  —  When  hydrosulphuric  acid  pw>  is 
passed  through  a  solution  of  chloride  of  mercury,  the   precipitate  which  £nl 
appears,  and  does  not  subside  readily,  is  white;  it  has  been  shown  by  Rose  to  be  a 
compound  of  chloride  and  sulphide  of  mercury.     This  substance   is  changed 
entirely  into  sulphide  of  mercury,  when  left  in  water  containing  hydroenlpliarie 
acid.     On  the  other  hand,  precipitated  sulphide  of  mercury  digested  in  a  5itluti(» 
of  chloride  of  mercury,  takes  down  that  salt,  and  forms  the  compound  in  «{Ut¥ticn. 
The  same  compound  may  be  formed  in  the  dry  way,  by  fusing  protoeulphide  kA 
mercury  (either  black  or  red)  with  eight  or  ten  times  its  weight  of  corru^ivo  wb- 
liniatt',  in  a  scaled  tube,  and  dissolving  out  the  excess  of  chloride  by  buiiin^ 
water ;  the  sulphochloridc  then   remains  t«  the  form  of  a  dirty-vkifc  jwtnkr 
having  a  distinctly  cr}'8talliue  structure  (R.  Schneider).     Sulphide  of  meremy 
combines  likewise  with  the  bromide,  iodide,  fluoride,  and  nitrate  of  men-nry,  and 
always  in  the  proportion  of  two  atoms  of  the  sulphide  to  one  atom  of  the'  other 
salt. 

Double  salts  of  chloride  of  mercury.  —  Chloride  of  mercury  was  found  by  M. 
Bonsdorfl^  to  combine  with  chloride  of  potamum  in  three  different  proponiivii 
forming  a  series  of  salts  in  which  the  chloride  of  potassium  remains  as  one  eqai- 
Talent,  while  the  chloride  of  mercury  goes  on  increasing.  Thev  are  KCI.  H!:<,'L 
HO,  which  cr}'stallizcs  in  large  transparent  rhoniboidal  prisms;  kC1.2HpCi.:JH0 
crvstallizing  in  fine  needle-like  amianths;  and  KCl+4HgCl+4IIO,  which  cm- 
tallizes  also  in  fine  needles.  Chloride  of  todivm  forms  only  one  oompoand, 
NaCl.2ngCl.4iIO,  which  crystallizes  in  fine  regular  hezahedral  prisms.  Oae  of 
the  double  salts  of  chloride  of  ammonium,  has  long  been  known  as  «a/  alemlndL 
It  crystallizes  in  flattened  rhoniboidal  prisms,  NII«Cl.HgCI.HO,  and  is  isonoi^ 
phous  with  the  corresponding  potassium  salt.     When  exposed  to  dij  ^^  it  givfli 
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ff  its  water  witbcmt  change  of  form.  Kane  has  also  obtaiDed  NH4CI.2HgGl9 
nd  the  same  with  an  atom  of  water,  NH4C1.2Hc^].HO|  the  first  in  a  rhomboidal 
9rm,  and  the  second  in  long  silky  needles.  All  these  double  chlorides  are  ob- 
ain^  by  dissolving  their  constituent  salts  together  in  the  proper  proportions. 
The  chlorides  of  barium  and  stronfium  form  well-ciystallizcd  compounds  with 
hlaride  of  mercury,  viz.  BaCl.2HgCl.4HO,  and  SrCl.2HgCl.2HO.  Chloride  of 
alcium  combines  in  two  proportions  with  mercuric  chloride.  When  chloride  of 
nercuiy  is  dissolved  to  saturation  in  chloride  of  calcium,  tetrahcdral  crystals 
eparatc  from  the  solution,  which  arc  tolerably  persistent  in  air,  and  contain 
3aGl.5HgCl.8HO.  After  the  deposition  of  these  crystals,  the  liquid  yields, 
fhen  evaporated  by  a  gentle  heat,  a  second  crop  of  large  prismatic  crystals, 
3aCl.2HgCl.6HO,  which  are  very  deliquescent.  Chloride  of  magnesium  also 
brms  two  salts,  MgCl.3HgCl.H0,  and  MgCl.HgCl.6H0,  both  deliquescent. 
Uhloride  of  nickel  f^yea  two  compounds,  one  of  which  crystallizes  in  tetrahedrons, 
ike  the  chloride  of  calcium  salt.  Chloride  of  manganese  forms  a  compound  in 
50od  crystals,  MnCl.HjrCl.4H0.  The  chlorides  of  iron  and  zinc  form  similar 
somorphous  salts,  FeCl.HgCl.HO,  and  ZnCl.HgCl.HO.  The  double  chlorides 
if  zinc  and  of  manganese  are  remarkable  in  one  respect,  that  chloride  of  mercurj 
iissolved  by  them  in  excess  crystallizes  by  evaporation  in  fine  large  crystals,  such 
IS  cannot  be  obtained  in  any  other  way.  The  chlorides  of  cobalt ,  nickel ,  and 
•opper  form  similar  crystallizable  salts ;  but  chloride  of  lead  does  not  appear  to 
brm  a  double  salt  with  chloride  of  mercury.     (Bonsdorff.) 

Mercuric  chloride  likewise  forms  definite  compounds  with  alkaline  chromates, 
\.  hot  solution  of  equal  parts  of  mercuric  chloride  and  bichromate  of  ammonia 
leposits,  on  cooling,  large  hexagonal  prisms,  of  a  splendid  red  colour,  containing 
!?H40.2CrOs-|-HgCl4-HO,  and  the  mother-liquor  deposits  a  further  crop  of  red, 
lomewhat  needle-shaped  crystals,  containing  3(NH40.2Cr08)-f  HgCl.  (Richmond 
md  Abel.*)  Monochromate  of  potash  forms  with  mercuric  chloride  a  brick-red 
)recipitate  of  mercuric  chromate ;  and,  on  evaporating  the  filtered  liquid,  small 
ittle  red  crystals  are  obtained  of  a  double  salt,  containing  KO-CrOs^- HgCl.  A 
iolution  of  equivalent  quantities  of  mercuric  chloride  and  bichromate  of  potash 
frields  beautiful  red  pointed  crystals,  containing  K0.2CrOa-f  HgCl.  (Darby. f) 
3n  mixing  the  cold  saturated  aqueous  solutions  of  acetate  of  copper  and  mercurio 
chloride,  and  leaving  the  mixture  to  evaporate,  deep  blue,  concentric,  radiated 
hemispheres  are  obtained,  containing  CuO.C4HjCu04-f  HgCl.  (Wohler  and 
Bfitteroth.)^ 

Pfotobromide  of  mercury ^  Mercuric  bromide,  HgBr;  180  or  2250. — This  salt 
is  obtained  by  treating  mercury  with  water  and  bromine.  It  is  colourless,  soluble 
in  water  and  alcohol,  and  when  heated,  fuses  and  sublimes,  exhibiting  a  great 
loalogy  to  chloride  of  mercury  in  its  properties.  Its  density  in  the  state  of 
rapour  is  12370.  Bromide  of  mercury  forms  a  similar  compound  with  sulphide 
of  mercury,  HgBr.2HgS,  which  is  yellowish.  It  was  also  combined,  by  Bons- 
dorff, with  a  variety  of  alkaline  and  earthy  bromides.  Bromide  of  mercury  com- 
bines with  half  an  equivalent  of  ammonia,  in  the  dry  way,  and  also  gives,  with 
iolution  of  ammonia,  a  white  precipitate,  analogous  to  that  derived  from  chloride 
of  mercury. 

Protiodide  of  mercury,  mercuric  iodide,  Hgl,  226*36  or  2829*5. — ^Falls  as  a 
precipitate  of  a  fine  scarlet  colour,  when  iodide  of  potassium  is  added  to  a  solu- 
tion of  chloride  of  mercury.  It  may  also  be  obtained  by  triturating  its  con- 
stituents together,  in  the  proper  proportion,  with  a  few  drops  of  alcohol.  To  pro- 
eare  it  in  crystals,  Mitscherlich  dissolves  iodide  of  mercury  to  saturation,  in  a 
hot  concentrated  solution  of  the  iodide  of  potassium  and  mercury,  and  allows  the 
solution  to  cool  gradually.     When  heated  moderately,  mercuric  iodide  becomes 

«  Chem.  Soo.  Qn.  J.  iii.  202.  f  Chem.  Soc.  Qa.  J.  i.  24. 
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•atorating  hydrocyaDio  acid  with  red  oxide  of  mercury.  To  prepare  the  hydro- 
cyanic acid  required,  the  process  of  Winkler  may  be  followed.  Fifteen  parts  of 
ferrocyanidc  of  potassium  are  distilled  with  13  parts  of  oil  of  yitriol  diluted  with 
100  parts  of  water,  and  the  distillation  continued  by  a  moderate  heat  nearly  to 
dryness.  The  vapour  should  be  made  to  pass  through  a  Liebig's  condensing  tube, 
and  be  afterwards  received  in  a  flask  containing  30  parts  of  water.  A  portion 
of  the  condensed  hydrocyanic  acid  is  put  aside,  and  the  remainder  mixed  with  16 
parts  of  oxide  of  mercury  in  fine  powder,  and  well  agitated  till  the  odour  of  hydro* 
cyanic  acid  is  no  longer  perceptible.  The  solution  is  drawn  off  from  the  undis- 
solved oxide  of  mercury,  and  the  reserved  portion  of  hydrocyanic  acid  mixed  with 
it.  The  last  addition  is  necessary  to  saturate  a  portion  of  oxide  of  mercuiy,  which 
cyanide  of  mercury  dissolves  in  excess.  This  operation  yields  12  parts  of  the  salt 
in  question. 

Cyanide  of  mercury  may  also  be  obtained  by  boiling  1  pt.  of  ferrocyanide  of 
potassium  for  ten  minutes  with  2  pts.  of  neutral  mercuric  sulphate  and  8  pts.  of 
water,  filteriDg  the  liquid,  and  leaving  it  to  crystallize  by  coohng.  The  reaction 
may  be  represented  by  the  equation : 

KjFeCys  +  3HgO  =  3HgCy  +  2K0  +  FeO. 

A  third  method  of  preparing  this  compound  is  to  heat  the  red  oxide  of  mercuiy 
with  about  an  equal  weight  of  pure  and  finely  powdered  Prussian  blue,  and  a  large 
quantity  of  water,  stirring  the  mixture  frequently ;  then  boil  the  filtrate  with  oxide 
of  mercury  to  throw  down  the  last  portions  of  iron ;  and  neutralize  the  excess  of 
mercuric  oxide  in  the  liquid  with  hydrocyanic  acid. 

Cyanide  of  mercury  crystallizes  in  square  prisms,  which  are  anhydrous,  and 
resembles  chloride  of  mercury  in  its  solubility  and  poisonous  qualities.  The  red 
oxide  of  mercury,  even  when  dry,  absorbs  hydrocyanic  acid,  with  formation  of 
"water  and  evolution  of  heat.  The  affinity  of  mercury  for  cyanogen  appears  to  be 
particularly  intense,  oxide  of  mercury  decomposing  all  the  cyanides,  even  cyanide 
of  potaijsium,  and  liberating  potash.  Cyanide  of  mercury  is  consequently  not 
precipitated  by  potash.  Nor  is  it  decomposed  by  any  acid,  with  the  exception  of 
nydrochloric,  hydriodic,  and  hydrosulphuric  acids.  By  a  heat  approaching  to  red- 
ness, cyanide  of  mercury  is  decomposed,  and  resolved  into  mercury  and  cyanogen 
ga.s.  When  exposed  in  the  moist  state  to  the  action  of  chlorine  in  a  dark  place,  it 
is  converted  into  mercuric  chloride  and  gaseous  chloride  of  cyanogen  : 

HgCy  +  2C1  =.HgCl  -f  CyCl. 

But  in  strong  sunshine,  a  different  action  takes  place,  attended  with  considerable 
rise  of  temperature,  and  yielding  sal-ammoniac,  mercuric  chloride,  a  peculiar  yellow 
oil,  a  small  quantity  of  gaseous  chloride  of  cyanogen,  and  a  trace  of  carbonic  acid 
(Serullas).  When  hydrocyanic  acid  is  digested  upon  mercurous  oxide,  the  mer- 
curic cyanide  dissolves,  and  metallic  mercury  is  liberated. 

Oxi/cyamdc  of  mercury j  IlgCy.HgO,  is  produced  as  a  white  powder  intermixed 
with  the  red  oxide,  when  hydrocyanic  acid  of  considerable  strength  (10  or  20  per 
cent.)  is  agitated  with  red  oxide  of  mercury  in  large  excess.  It  is  sparingly 
soluble  in  cold  water,  but  may  be  dissolved  out  by  hot  water,  and  crystallizes  on 
cooling  in  transparent,  four-sided,  acicular  prisms.  When  heated  gently^  it 
blackens  slightly,  and  then  explodes  (Johnston).'*' 

Cyanide  of  mercury,  digested  upon  red  oxide  of  mercury,  dissolves  a  large  quan- 
tity of  it,  and  forms^  according  to  Kiihn,  a  trihadc  cyanide  of  mercury,  HcCy. 
3HgO,  which  is  more  soluble  in  water  than  the  neutral  cyanide,  and  crystallizes 
with  less  facility  in  small  acicular  crystals. 

Cyanide  of  mercury  and  potassium^  KyCy.HgCy,  is  formed  on  dissolving  cya- 
nide of  mercury  in  a  solution  of  cyanide  of  potassium,  and  crystallizes  in  regular 

*  PhiL  Trans.  1889,  p.  118. 
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octohedrons.  Cyanide  of  mercury  also  forms  cx^tallizable  donble  salts  with  other 
cyanides,  such  as  the  cyanides  of  sodium,  banum,  calcium,  magnesium,  kc.  It 
also  combines  with  chlorides^  bromides,  iodides,  and  witb  several  oxi-salts,  $ach  as 
chronmtc  and  fonniate  of  potash,  with  which  it  forms  the  compounds  2(KO.CK)0+ 
HgCy  and  CHKO^.HgCy. 

Mrrvuric  mlphate,  HgO.SOjj  148  or  1850.  — This  salt  is  formed  by  boiling  5 
parts  of  sulphuric  acid  upon  4  parts  of  mercury,  till  the  metal  is  conrerti-d  into  a 
dry  saline  mass.     Mercurie  sulphate  is  a  white  crystalline  salt,  neutral  Id  c'lnpo- 
sition,  but,  like  most  of  the  neutral  salts  of  mercury,  cannot  exist  in  sulation. 
Water  decomposes  it,  forming  a  dense  yellow  subsulphate,  and  a  solution  of  in 
acid  sulphate.    This  subsulphate  is  known  as  turhith  mincraly  a  name  applied  to  it 
by  the  older  chemists,  because  it  was  supposed  to  produce  effects  in  medicine 
analogous  to  those  of  a  root  formerly  employed,  and  known  as  eon  volvulus  \mt\^ 
thum.     The  composition  of  turbith  mineral  is  3H0.S0,  or  HjrO.SO,  +  -H-<> 
(Kane).     Solution  of  ammonia  converts  both  the  neutral  sulphate  and  turbith 
mineral  into  a  heavy  powder,  which  Kane  names  ammonio-turhithy  and  finfls  to  be 
HjrO.SOj  +  Hg.NHj  4-  2HgO.     It  is,  therefore,  analogous*  in  composition  to  the 
yellow  powder  produced  by  the  decomposition  of  white  precipitate,  and  may  be 
regarded  as  a  sulphate  of  tetramcrcurammonium  with  2  eq.  of  water :  Nllir^.SOii 
2H0. 

Mercuric  suIpJu'lcs.  —  The  neutral  sulphite,  HgO.SO,,  may  bo  formed  by  preci- 
pitating the  nitrate,  HgO.NOj,  with  an  alkaline  sulphate ;  but  it  is  very  unstable, 
and  resolves  itself  spontaneously  into  mercuric  sulphate  and  metallic  morcurr. 
The  haste  sulphite,  SHgO.SOj,  is  obtained  by  precipitating  a  solution  of  the  basic 
nitrate,  2HgO.SOs,  with  an  alkaline  sulphite.     It  is  a  white,  heavy  powder,  inso- 
luble in  water,  and  changing,  when  slightly  heated,  into  mercurous  sulphite; 
2iIgO.SOjssHg2O.SO3.     Iodide  of  potassium  converts  it  into  red  mercuric  itJide 
(Pean  de  St.  Gilles).*     A  bisulphite,  Hg0.2S0,  -f  HO,  is  obtoined  as  a  white 
crystalline  powder  by  pouring  a  saturated  solution  of  bisulphite  of  soda  on  foM 
mercuric  chloride.     It  dissolves  readily  in  water,  and  is  decomposed  by  htat, 
whether  in  solution  or  in  the  solid  state,  with  separation  of  metallic  uiercorj 
(Wicke).f     By  treating  mercuric  chloride  with  a  solution  of  neutral  sulphite  of 
potash,  a  double  salt,  HgO.SOj+HO,  is  obtained  in  small  needle-shaped  err^uU 
whose  solution  is  neutral  to  test-paper.     Similar  salts  arc  formed  with  the  wuinl 
sulphites  of  soda  and  ammonia.     By  treating  mercuric  chloride  in  exeesi)  with 
neutral  sulphite  of  soda,  the  salt,  2(HgO.S02)  +  NaO.SO,  +  HO,  is  obtained, 
which  is  alkaline  to  test-paper.     The  solutions  of  these  double  sulphites  arc  pre- 
cipitated by  hydrosulphuric  acid  and  soluble  sulphides,  but  not  by  alkaliiv.  ^Pvu 
de  St.  Gilles). 

Mercuric  sckniafe. — A  hot  aqueous  solution  of  selenic  acid  forms  with  mcntiiie 
oxide  prepared  by  precipitation,  a  soluble  neutral  seleniate,  HgO.SeO, -f-  HO.ud 
a  red  insoluble  basic  salt,  containing  2(3HgO.SeOj)  +  IIO  (K6mer).J 

Mercuric  sc/efu'$e. — Mercuric  oxide  forms  with  aqueous  selenious  acid,  according 
to  Berzelius,  an  insoluble  neutral  and  a  soluble  acid  selenitc ;  according  to  Kohler, 
on  the  other  hand,  selenious  acid  does  not  form  any  soluble  salt  with  mercuric 
oxide,  but  only  a  pale  yellow  amorphous  salt,  containing  7Hg0.4ScOi. 

Nitrates  of  the  red  oxide  of  mercurj/,  Mercuric  nitrates The  neutral  nitrate 

cannot  be  crystallized,  but  it  is  formed  in  solution  when  chloride  of  mercnrj  b 
precipitated  by  nitrate  of  silver.  When  red  oxide  of  mercury  is  dissolved  ia 
nitric  acid,  or  when  the  metal  is  dissolved  in  the  same  acid  with  ebullition,  till  • 
drop  of  the  solution  no  longer  occasions  a  precipitate  in  water  containing  a  MlnMc 
chloride,  a  subnitrate  is  formed,  crystallizing  in  small  prisms,  which  are  delina» 
cent  in  damp  air.    Its  composition  is  expressed  by  the  formula  2HgO.NOs  +  -^0. 


♦  Ann.  Ch.  Pbys.  [8],  xxxtL  80.  f  Ann.  Ch.  Pharm.  xcr.  176l 

X  1*^S8-  '^n.  Uxxix.  446. 


ALLOTS    OF    MERCURY.  589 

It  is  the  only  orystallizabl^  nitrate  of  this  oxide.  Decomposed  by  water,  this  salt 
Tields  a  yellow  subnitrete,  which,  after  washing  with  warm,  but  not  boiling  water, 
IS  3IIg.N05+  HO.  When  the  sab-nitrate  is  prepared  by  boiling  water,  it  has  a 
red  colour,  and  probably  consists  of  GHgO.NOs,  (Kane). 

Nitrate:  of  mercury  yields  several  compounds  when  treated  with  ammonia, 
(a.)  When  a  dilute  and  not  very  acid  solution  of  that  salt  is  treated  in  the  cold, 
with  weak  solution  of  ammonia  not  added  in  excess,  a  pure  milk-white  precipitate 
appears,  which  is  not  granular,  and  remains  suspended  in  the  liquid  for  a  consider- 
able  time.  It  was  analyzed  by  C.  G.  Mitscherlich,  and  to  distinguish  it  from 
some  other  salts  containing  the  same  constituents,  may  be  called  Mitscherlich* s 
ammonin-fubnitrate.  It  contains  2HgO.N05+ HgNH,.  (h,)  The  preceding 
compound  is  altered  in  its  appearance  by  boiling  water,  and  becomes  much  heavier 
and  more  granular,  forming  Soubciran's  amtnonia-subnifrate,  the  composition  of 
■which  is  found  by  Kane  to  be  HgO.NOj  -f  Hg.NHj  +  2HgO,  or  it  resembles  in 
constitution  the  bodies  already  described  containing  chlorine  and  sulphuric  acid. 
This  compound  is  also  formed  by  decomposing  a  dilute  solution  of  mercuric  nitrate 
with  a  slight  excess  of  ammonia  (Soubeiran).  (r.)  A  third  compound,  the  yellow 
crystalline  ammonia-subnitratey  was  obtained  by  C.  G.  Mitscherlich  by  boiling 
the  ammonia  subnitratc  {a)  with  excess  of  ammonia,  and  adding  nitrate  of  am- 
monia, by  which  a  portion  of  the  powder  is  dissolved )  the  solution,  as  it  cools  and 
loses  ammonia,  yields  small  crystalline  plates  of  a  pale  yellow  colour.  The  con- 
stituents of  this  salt  are  2HgO.N05  and  NII3.  Kane  doubles  its  equivalent,  and 
represents  it  as  a  compound  of  Soubeiran's  salt  with  nitrate  of  ammonia,  as  it 
appears  to  be  produced  by  the  solution  of  the  former  salt  in  the  latter,  (IJgO.NOj 
-i-  Ilg.NITj-f  HgO)  -f-  NII4O.NO4.  (d.)  Soubeiran's  ammonia  subnitratc  (a)  is 
dissolved  in  considerable  quantity,  when  boiled  in  a  strong  solution  of  nitrate  of 
ammonia,  and  the  solution  deposits,  on  cooling,  small  but  very  brilliant  needles, 
which  were  obser^'ed  and  analyzed  by  Kane.  This  salt,  which  may  bo  called 
Kmxes  fimmonia  subnitratc,  is  decomposed  by  water,  nitrate  of  ammonia  dis- 
solving, and  Soubeiran's  subsalt  being  left  undissolved.  It  contains  the  elements 
of  3(Nn40.N05)  and  4HgO.  Kane  believes  that  it  is  most  likely  to  contain 
Soubeiran's  subnitratc  ready  formed,  which  leaves  two  atoms  of  nitrate  of  ammo- 
nia and  two  atoms  of  water  to  be  otherwise  disposed  of* 

These  ammonia-nitrates,  like  the  corresponding  chlorides  and  sulphates,  maybe 
regarded  as  nitrates  of  mercurammouiums,  containing  one  or  more  atoms  of  mer- 
cury in   place  of  hydrogen.     Thus,  Mitscherlich's   ammonia-subnitrate   (a)   is 

NHHgs.NOe-}- HO  =  nitrate  of  trimercurammonium  with  1  eq.  water;  Soubeiran's 
salt  {b)  is   NHg^.NOj  -f  2H0  =  nitrate   of  tetramercurammonium  with  2  eq. 

water;  the  crystalline  salt  (c)  is  NH^Hgj.NOj  -f  HO  =  nitrate  of  bimercuram- 
monium  with  1  eq.  water;  and  (</)  is  a  compound  of  (6)  with  nitrate  of  ammo- 
nia and  water  =  2(NH,.N06)  -f  2H0  +  (NHg^.NOg  +  2H0). 

Nitrate  of  mercury  forms  an  insoluble  compound  with  sulphide  of  mercury 
HgO.NOs  +  2HgS,  resembling  the  compounds  of  the  sulphate  and  chloride  witn 
snlphide  of  mercury.  It  also  forms  double  salts  with  iodide  and  cyanide  of  mer- 
cury. 

Allot/s  of  mercury  or  amalgams,  —  Mercury  combines  with  a  great  number  of 
metals,  forming  compounds  called  amalgams^  which  are  liquid  or  solid  according 
as  the  mercury  or  the  other  metal  predominates.  A  very  small  quantity  of  a 
foreign  metal  suffices  to  impair  the  fluidity  of  mercury  in  a  very  great  degree. 
All  amalgams  are  decomposed  by  heat,  the  mercury  volatilizing  and  the  other 
metal  remaining. 

*  Trans,  of  the  Royal  Irish  Academy,  vol.  xiz.  pt.  i. ;  or,  Ann.  Ch.  Phys.  [2],  IzxziL 
225. 
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The  nnion  of  mercury  witli  potassiam  and  sodium  is  attended  witli  eonsidcnblc 
discngajjrcmcnt  of  beat ;  the  resulting  amalgams  are  of  a  pasty  consistence,  and 
decompose  water.  The  amalgams  of  tin  and  lead,  when  heated  till  they  tie  i)uite 
liquid,  and  then  left  to  cool  slowly,  yield  solid  crystalline  amalgams  of  definite 
constitution.  An  amalgam  of  silver,  HgaAg,  is  found  native  in  the  form  of  regu. 
lar  dodecahedrons. 

An  amalc^un  of  tin  is  used  for  silvering  glass.  For  this  purpose  a  sheet  of  tin- 
foil is  laid  on  a  horizontal  table,  and  mercury  poured  over  the  whole  surface, »  as 
to  form  a  layer  about  l-5th  or  l-6th  of  an  inch  thick.  The  plate  of  jrliJ.*  is  then 
slid  along  the  surface  in  such  a  manner  as  to  cut  this  layer  in  halves  horiiontallr, 
which  prevents  the  introduction  of  air-bubbles.  The  glass  is  then  loaded  with 
weights,  so  as  to  pross  out  the  excess  of  mercury ;  and  after  a  few  days,  the  sur- 
face is  found  to  be  covered  with  a  closely-adhering  layer  of  an  amalgam  containin'^ 
about  5  parts  of  tin  to  1  of  mercury. 

Mercury  combines  very  readily  with  bismuth.  An  amalgam  obtained  by  beat- 
ing a  mixture  of  497  parts  of  bismuth,  310  lead,  177  tin,  and  100  mercury,  is 
very  well  adapted  for  injecting  anatomical  preparations :  it  is  solid  at  ordinarr 
temperatures,  and  has  a  silvery  lustre,  melts  at  171*5  (Fah.),  and  solidifies  at  140^ 
An  amalgam  of  lead  and  tin,  sometimes  also  containing  bbmuth,  is  used  for  cover- 
ing the  cushions  of  electrical  machines. 

ESTIMATION    OF    MEBCURY,    AND    METHODS    OF    SEPARATINQ    IT    TBOM    TBI 

PRECEDING  METALS. 

Mercury  is  generally  estimated  in  the  metallic  state ;  sometimes,  liowcver,  u 
sulphide,  HgS,  or  as  dichloride,  HggCl.  To  separate  it  from  its  compounds  in 
the  metallic  state,  it  may  bo  distilled  with  quicklime,  in  a  tube  of  hard  ::U«s 
sealed  at  one  end.  Into  this  tube  is  introduced,  first  a  layer  of  carb«-knate  uf  linie. 
about  an  inch  long  ',  then  the  mixture  of  the  substance  with  cjuickliiuo ;  I.-tstij.  a 
layer  of  quicklime  about  two  inches  long,  and  a  plug  of  asbestos  to  keep  the  lime 
in  its  place.  The  open  end  of  the  tube  is  next  drawn  out  into  a  narrow  neck, 
and  bent  at  an  obtuse  angle.  The  tube  is  laid  in  a  combustion-furnace,  the  same 
as  that  which  is  used  for  organic  analysis  (277),  the  neck  being  turned  down- 
wards and  made  to  pass  into  a  narrow-mouthed  bottle  containing  water,  so  as  to 
terminate  just  above  the  surface  of  the  water.  The  tube  is  then  gradually  heated 
by  laying  pieces  of  red-hot  charcoal  round  it,  beginning  at  the  part  near  the  neck, 
containing  the  pure  quicklime.  This  portion  having  been  brought  to  a  full  red 
heat,  the  heat  is  carefully  extended  towards  the  middle  part,  to  dccompo:«e  the 
(K>mpound  and  volatilize  the  mercury :  any  portion  of  the  compound  that  may  vols- 
tilize  undecomposed,  will  be  decomposea  in  passing  over  the  red-hot  liinc  at  ibe 
end.  Lastly,  the  back  part  of  the  tube  containing  the  carbonate  is  healed,  so  tf 
to  evolve  carbonic  acid  gas  and  sweep  out  all  the  mercury  vapour  cont^iined  in  the 
tube.  The  quantity  of  carbonic  acid  thus  evolved  may  be  increased  by  njiiins 
the  carbonate  of  lime  with  bicarbonate  of  soda.  The  mercury  condensori  under 
the  water  in  the  bottle,  which  must  be  kept  cold.  The  water  is  poured  i^fT  u 
completely  as  possible ;  the  mercury  transferred  to  a  weighed  porcohiiu  crucible; 
the  greater  part  of  the  water  which  still  adheres  to  it  removed  by  nieaus  of  bkt- 
ting-papcr;  the  drying  completed  over  sulphuric  acid;  and  the  mercury  fioaHj 
weighed. 

Mercury  may  also  be  precipitated  from  its  solutions  in  the  metallic  state  by 
protochloride  of  tin,  or  by  phosphorous  acid;  the  solution  then  decanted;  tbe 
mercury  washed  with  water;  and  dried  in  the  manner  just  described. 

Mercury  is  also  frequently  precipitated  from  its  solutions,  as  a  sulphide,  lij 
hydrosulphuric  acid.  In  that  case,  if  the  precipitate  consists  of  the  pure  prot^r 
sulphide,  HgS,  as  when  it  is  thrown  down  from  a  solution  of  corrosive  sublinatCi 
the  precipitate  may  bo  simply  collected  on  a  weighed  filter,  waahed|  dried  over  the 
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witer-bath,  weigbed,  and  the  quantity  of  meroaiy  thence  determined.     But  if,  i 
is  generally  the  case,  the  precipitate  also  contains  free  sulphur,  as  when  it  . 
thrown  down  from  a  solution  containing  a  ferric  salt,  or  a  considerable  excess  o 
nitric  acid, — or  if  it  be  precipitated  in  conjunction  with  the  sulphides  of  othe 
metals,  then  the  mercury  must  be  separated  from  it  by  distillation  with  lime,  ai 
above  described.     Or  again,  the  mixture  of  sulphides  may  be  converted  into 
chlorides  by  gentle  heating  in  a  stream  of  chlorine  gas,  the  volatile  chloride  of 
mercury  passed  into  water,  and  the  mercury  precipitated  from  the  solution  by 
protochloride  of  tin. 

The  precipitation  of  mercury  in  the  form  of  diohlorido  is  best  effected  by  means 
of  hydrochloric  acid  and  formiuate  of  potash  or  soda.  If  the  mercury  is  contained 
in  an  alloy,  the  alloy  must  be  dissolved  in  aqua-rcgia;  if  it  is  contained  in  solution 
in  the  form  of  mercuric  nitrate,  hydrochloric  acid  must  be  added,  the  solution,  in 
either  case,  nearly  neutralized  with  potash,  forminate  of  potash  or  soda  then  added, 
and  the  whole  exposed  for  some  days  to  a  temperature  between  140^  and  176^  F. 
(at  the  boiling  heat,  the  mercury  would  be  reduced  to  the  metallic  state).  The 
dichloride  then  precipitates,  and  must  be  collected  on  a  weighed  filter,  washed, 
dried  at  a  gentle  heat,  and  weighed. 

The  quantity  of  mercurous  oxide  present  in  a  solution  may  also  be  determined 
by  precipitation  with  hydrochloric  acid.  The  solution  must,  however,  be  very 
dilute,  and  be  kept  cool ;  it  must  also  contain  but  a  very  small  quantity  of  free 
nitric  acid,  as  a  larger  quantity  would  convert  the  dichloride  of  mercury  into  pro- 
tochloride. To  determine  the  proportions  of  mercurous  and  mercuric  oxide,  when 
they  exist  together  in  solution,  the  mercurous  oxide  is  first  precipitated  with 
hydrochloric  acid,  and  the  remaining  mercury  by  protochloride  of  tin  or  hydro- 
sulphuric  acid. 

5lercury  may  be  separated  from  all  other  metals,  except  arsenic  and  antimony, 

by  its  superior  volatility.     When  it  exists  in  the  form  of  an  amalgam,  the  com* 

pound  is  simply  heated,  and  the  quantity  of  mercury  determined  by  the  loss  of 

weight.     If  it  exists  as  an  oxide,  chloride,  &c.,  combined  with  compounds  of 

other  metals,  it  may  be  separated  by  distillation  with  quicklime,  as  above  described. 

Its  separation  from  the  alkalies  and  earths j  and  from  uranium^  manganese^  nickel^ 

'xhalty  iron,  zinc,  and  chromium,  may  also  be  effected  by  precipitation  with  hydro- 

lolphuric  acid.     From  bismuth  and  cadmium  it  may  be  separated  by  reduction 

rith  protochloride  of  tin ;  from  copper,  by  mixing  the  solution  with  excess  of 

yanideof  potassium,  and  passing  hydrosulphuric  acid  through  the  liquid,  whereby 

16  mercury  is  precipitated  as  sulphide,  while  the  copper  remains  dissolved ',  from 

%d,  by  precipitating  that  metal  with  sulphuric  acid ;  also  by  treating  the  Bolution 

ih  excess  of  cyanide  of  potassium,  which  precipitates  the  lead,  but  not  the 

;rcury.     From  arsenic,  tin  and  antimony,  mercury  is  separated  by  the  solubility 

the  sulphides  of  metals  in  sulphide  of  ammonium. 


SECTION  II. 

SILVER. 

Eq,  108,  or  1350 ;  Ag  (argentum). 

8  metal  is  found  in  various  parts  of  the  world,  and  occurring  often  in  the 

'c  state,  and  being  easily  melted,  must  have  attracted  the  attention  of  man- 

t  an  early  period.     Before  the  discovery  of  America,  the  silver  mines  of 

'  were  of  considerable  importance ;  but  the  silver  mines  of  Mexico  and  Peru 

eed  in  value  the  whole  of  the  European  and  Asiatic  mines,  the  former 
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Ided  to  it,  wherenpon  chloride  of  potassium  is  fonncd,  and  carbonic  acid  and 
cjgen  escape  with  effervescence.  The  crucible  is  then  exposed  to  a  heat  suffi- 
ient  to  fuse  the  reduced  silver,  which  subsides  to  the  bottom. — 2.  The  mode  of 
sparating  silver  from  the  common  metals,  in  the  ordinary  practice  of  assaying,  is, 
ke  many  metallurgic  operations,  an  exceedingly  elegant  and  refined  process.  A 
ortion  of  the  silver  alloy,  the  assai/j  is  fused  with  several  times  its  weight  of  pure 
lad  (an  alloy  of  1  copper  and  15  silver  with  96  lead,  for  instance)  upon  a  bone- 
irth  cupel,  which  is  supported  in  a  little  oven  or  muiHe,  heated  by  a  proper 
imace.  Air  being  allowed  access  to  the  assay,  the  lead  is  rapidly  oxidated,  and 
a  highly  fusible  oxide  imbibed,  as  it  is  produced,  by  the  porous  cupel.  The  dis- 
osition  of  copper  and  other  common  metals  to  oxidate  is  increased  by  the  pre* 
5Dce  of  the  lead ;  and  their  oxides,  which  form  fusible  compounds  with  oxide  of 
ad,  are  removed  in  company  with  the  latter.  When  the  foreign  metal  is  almost 
itircly  removed,  the  assay  is  observed  to  become  rounder  and  more  brilliant,  and 
16  last  trace  of  fused  oxide  occasions  a  beautiful  play  of  prismatic  colours  upon 
8  surface,  after  which  the  assay  becomes,  in  an  instant,  much  whiter,  or  flashes^ 
Q  indication  that  the  cupellation  is  completed. 

Pure  Sliver  may  also  be  obtained  from  an  alloy  containing  only  silver  and 
>pper,  by  precipitating  the  two  metals  with  excess  of  carbonate  of  soda  with  the 
id  of  licat,  boiling  the  precipitate  for  about  ten  minutes  with  a  solution  of  grape- 
igar,  whereby  the  copper  is  reduced  to  the  state  of  red  oxide,  and  the  silver  to 
10  metallic  state,  and  treating  the  moist  precipitate  with  a  hot  solution  of  carbo* 
ate  of  ammonia :  the  copper  then  dissolves,  and  pure  silver  remains. 

Pure  silver  is  the  whitest  of  the  metals,  and  susceptible  of  the  highest  polish ; 
hen  granulated  by  being  poured  from  a  height  of  a  few  feet  into  water,  its  surface 

rough,  but  its  aspect  peculiarly  beautiful.  It  crystallizes  in  cubes  and  regular 
;tohcdrons,  both  from  a  state  effusion  and  by  precipitation  from  solution.    Silver 

in  the  highest  degree  ductile  and  malleable ;  its  density  varies  between  10-474 
id  10-542 ;  it  fuses  at  1873°.  When  in  the  liquid  state,  it  is  capable  of  absorb- 
ig  oxygen  gas  from  the  air,  which  is  discharged  again  in  the  solidification  of  the 
etal,  and  gives  rise  to  a  sort  of  vegetation  upon  its  surface,  or  even  occasions  the 
rejection  of  small  portions  of  the  silver  to  a  distance,  an  accident  which  is 
Qown  in  assaying  as  the  spitting  of  the  metal.  Gay-Lussac  observed,  that  when 
little  nitre  was  thrown  upon  the  surface  of  melted  silver  in  a  crucible,  and  the 
hole  kept  in  a  state  of  fusion  for  half  an  hour,  a  very  considerable  absorption  of 
cygen  took  place.  When  the  crucible  was  removed  from  the  fire  and  quickly 
laced  under  a  bell-jar  filled  with  water,  which  can  be  done  without  danger,  the 
Iver  discharged  a  quantity  of  oxygen  equal  to  20  times  its  volume.  This 
roperty  is  possessed  only  by  pure  silver,  and  does  not  appear  at  all  in  silver  con- 
ining  1  or  2  per  cent,  of  copper.  As  oxide  of  silver  is  reduced  by  a  red  heat, 
le  absorption  of  the  oxygen  by  the  fluid  metal  must  bo  a  phenomenon  of  a 
[fferent  nature  from  simple  oxidation. 

SIlTcr  does  not  combine  with  the  oxygen  of  the  air  at  the  usual  temperature, 
yt  even  when  heated;  the  tarnishing  of  polished  silver  in  air  is  occasioned  by 
le  fonnation  of  sulphide  of  silver.  Silver  docs  not  dissolve  in  any  hydrated 
ddy  by  substitution  for  hydrogen,  but  on  the  contrary  is  displaced  from  solution 
I  an  acid  by  hydrogen,  and  precipitated  in  the  metallic  state.  This  metal  is  also 
pecipitated  by  mercury  and  by  all  the  xhotq  oxidable  metals.  Its  salta  are  reduced 
i  the  usual  temperature  by  sulphate  of  iron,  the  protoxide  in  which  is  converted 
kto  sesquioxide.  But  if  the  ferric  sulphate  is  boiled  upon  the  precipitated  silver, 
le  latter  is  dissolved  again,  and  oxide  df  silver  and  protoxide  of  iron  reproduced. 
liver,  however,  is  oxidated  when  fused  or  heated  strongly  in  contact  with  sub- 
ances  for  which  oxide  of  silver  has  a  great  affinity,  as  with  a  siliceous  glass,  and 
■ins  the  glass  yellow.  It  is  oxidated  by  concentrated  sulphuric  acid,  with  evo- 
ition  of  sulphurous  acid.  Silver  is  readily  dissolved  by  nitric  acid,  at  a  gentle 
Bftt^  and  with  much  violence^  at  a  high  temperature;  nitrate  of  silver  being 
38 


594  SILVER. 

formed,  and  nitric  oxide  escaping.     Silver  combines  in  three  proportions  with 
oxygen,  forming  a  suboxide,  AgjO,  a  protoxide  AgO,  and  a  peroxide,  AgO|. 

Suboxide  of  silver,  AgjO.  —  Pure  protoxide  of  silver  is  oompletdj  redneed 
to  the   state  of  metal   by  hydrogen   gas,  at  212^;  but   the  oxide  oonttined 
in   citrate  of  silver  loses  only  half  its  ox^'gen  under  the   same  circomslaooei, 
the   suboxide   being   formed,   and   remaining  in    combination   with    one  half 
of  the  citric   acid   of  the  former  salt.     The  aqueous  solution  of  the  suboxide 
salt  is  durk  brown,  and  the  suboxide  is  precipitated  black  from  it  by  potash 
"When  the  solution  of  tlic  subsalt  is  heated,  it  becomes  colourless,  and  metallic 
silver  appears  in  it.    The  salt  dissolves  with  a  brown  colour  in  ammonia.    Several 
otliur  salts  of  silver,  containing  organic  acids,  comport  themselves  in  the  same 
way  as  the  citrate,  when  heated  in  hydrogen.*  A  solution  of  protoxide  of  nlver 
in  ammonia  deposits  on  exposure  to  the  air,  a  grey  suboxide,  containing  108  parti 
of  silver  to  5*4  parts  oxygen.     When  heated,  it  gives  off  oxygen  and  leaves 
metiillic  silver  rFaraday).t 

Protoxide  0/ silver,  AgO,  116  or  1450. — This  oxide  is  thrown  down,  when  pot- 
ash  or  lime-water  is  added  to  a  solution  of  nitrate  of  silver,  as  a  brown  powder, 
which  becomes  of  a  darker  colour  when  dried.  The  powder  was  found  to  be  anhy- 
drous by  Gay-Lussac  and  Th6nard;  its  density  is  7*143,  according  to  J.  Heia- 
path;  7*250,  according  to  P.  Boullay;  8*2558,  according  to  Karston.  Oxide  of 
silver  is  decomposed  by  light,  or  at  a  red  heat,  into  oxygen  gas  and  metallic  nlver. 
Hydrogen  reduces  it  even  at  212^.  It  is  also  reduced  by  an  aqueous  solution  of 
phosphorous  acid.  When  recently  precipitated,  it  is  decomposed  by  aqueooA  fot 
phurous  acid,  yielding  metallic  silver  and  sulphate  of  silver ;  but  the  ^ecompositioi 
is  only  partial,  even  when  aided  by  heat.  When  immersed  in  water,  it  id  ivdaced 
by  zinc,  cadmium,  tin,  and  copper,  but  not  by  iron  or  mcrcurr.  In  an  aiiacooi 
solution  of  hypochlorous  acid,  it  is  converted  into  chloride  of  silver,  oxygen  beiog 
evolved  together  with  a  small  quantity  of  chlorine. 

Oxide  of  silver  is  a  powerful  base,  and  forms  salts,  several  of  which  have  beca 
found  isomorphoufl  with  the  corresponding  salts  of  soda.     Like  oxide  of  lad,  it 
dis.soIves  to  a  small  extent  in  pure  water  free  from  saline  matter,  and  the  solutioa 
has  an  alkaline  reaction.     Oxide  of  silver  is  not  dissolved  by  solutions  of  tbt 
hydrates  of  potash  and  soda.     Its  salts  are  precipitated  black  bj  hifdnmulpkufk 
acid  and  alkaline  sulphiths.   W^hen  treated  with  hydrochloric  acid  or  a  9olwUe  cU^ 
ridt'y  they  yield  a  white  curdy  precipitate,  the  chloride  of  silver,  which  worn 
becomes  purple,  if  exposed,  while  moist,  to  the  direct  rays  of  the  sun.     This  ft^ 
cipitato  is  not  dissolved  by  nitric  acid,  but  is  dissolved  bj  ammonia  in  eoOLsm 
with  most  of  the  insoluble  salts  of  silver.     This  precipitate  is  visible,  acoordisg  lo 
Lassaigne,  even  in  solutions  containing  only  1  part  of  silver  in  800,000  paitB  d 
liquid.     In  a  solution  containing  1  part  of  silver  in  200,000  parts,  hydioehkrie 
acid  or  common  salt  produces  a  slight  turbidity :  with  1  part  of  silver  in  400,000^ 
the  same  reagents  produce  a  scarcely  perceptible  opalescence ;  and  if  the  JKOf^ 
tion  of  li(|uid  amounts  to  «S00,U00  parts,  the  opalescence  docs  not  show  itseVftra 
quarter  of  an  hour.     Ifydrubromic  acid  and  soluble  metallic  hrxmiides^  added  IS 
Solutions  of  silver  s:ilts,  throw  down  all  the  silver  in  the  form  of  Tclloiriak  wkte 
bromide,  insoluble  in  nitric  acid,  and  sparingly  soluble  in  ammoDia.     Jfydrmdk 
acid  and  soluble  iodidfs  form  a  pale  yellow  precipitate  of  iodide  of  silver,  likevitf 
insoluble  in  nitric  acid,  and  still  less  soluble  in  ammonia.     Ujfdrocyauie  acid  s^ 
soluble  cyanides  throw  down  a  white  precipitate  of  cyanide  of  silver,  easily  sohUs 
in  ammonia,  insoluble  in  cold  dilute  nitric  acid,  but  dissolved  by  strong  nifrieadi 
at  a  boiling  heat,  with  evolution  of  nitajp  oxide.     Amftionia  added  in  vciyiaaB 
quantity  to  perfectly  nirutral  silver-salts,  produces  a  slight  brown  prccipiiaie  d 
oxide  of  silver,  easily  soluble  in  excess ;  but  if  the  solution  contains  excess  of  ad^ 
anmiouia  produces  no  precipitate.     Potash  added  to  the  ammoniacal  solotios  pi^ 

*  Ann.  Ch.  Pharm.  zxx.  1.  f  Amu  Ch.  FIijb.  [2],  is.  Iff. 
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duces  a  white  precipitate,  provided  the  excess  of  ammonia  bo  but  small.  The 
fixed  alkalies  form,  in  neutral  or  acid  solutions  of  silver-salts,  a  brown  precipitate 
of  oxide  of  silver,  insoluble  in  excess.  Alkaline  carbonates  precipitate  white  car- 
bonate of  silver,  soluble  in  ammonia  and  carbonate  of  ammonia.  Ordinary  tri" 
hasii-  pJiosj^hafc  of  soda  forms  a  yellow  precipitate ;  pj/rophosphate  and  nufaphos- 
phafe  of  soda  form  white  precipitates.  Chromate  o/ potash  forms  a  dark  crimson 
precipitate  of  chromate  of  silver.  Alkaline  arse.nitcs  form  a  canarj-ycllow  precipi- 
tate of  arsenite  of  silver.  Oxalic  arid  forms  a  white  pulverulent  precipitate  of 
oxalate  of  silver.  Silver  is  precipitated  from  its  solutions  in  the  metallic  state  by 
jjhosjyhoruSj  phoiphorona  arid,  pthosphurrtted  hydroijen^  and  sulphurous  acid,  (im- 
perfectly);  by  various  metah^  viz.,  zinc,  cadmium,  tin,  lead,  iron,  manganese, 
copper,  mercury,  bis^muth,  tellurium,  antimony,  and  arsenic;  also  by  protoxide  of 
uranium,  hydmted  protoxide  of  manganese,  and  protoxide  of  tin ;  and  by  various 
ortjanic  snhstances  at  a  boiling  heat,  //.  r/.,  charcoal,  sugar,  aldehyde,  formic  acid, 
tincture  or  infusion  of  galls,  and  volatile  oils.  Many  organic  substances  added  to 
a  solution  of  nitrate  of  silver  mixed  with  excess  of  ammonia,  throw  down  metallic 
silver  in  the  form  of  a  beautiful  specular  film,  lining  tlie  sides  of  the  vessel.  This 
effect  is  produced  by  aldehyde,  saccharic  acid,  salicylous  acid,  pyromeconic  acid, 
and  various  essential  oils.  A  mixture  of  oil  of  cinnamon  and  oil  of  cloves  is  found 
to  produce  an  exceedingly  brilliant  speculum,  and  has  indeed  been  used  for  silver- 
ing mirrors  in  place  of  the  ordinary  process  with  tin  and  mercury ;  it  is  particu- 
larly adapted  for  silvering  curved  surfaces.  A  verj-  bright  and  regular  specular 
Eurface  is  also  produced  by  adding  a  solution  of  milk-sugar  to  an  ammoniacal  solu- 
tion of  nitrate  of  silver  mixed  with  caustic  potash  or  soda;  the  precipitation  then 
takes  place  without  the  application  of  heat  (Lic'big).* 

Oxide  of  silver  combines  with  ammonia  and  forms  the  fulminating  anwiuniuret 
of  silver,  a  substance  of  a  dangerous  character  frojn  the  violence  with  which  it 
explodes.  The  ammoniuret  may  be  formed  by  digesting  newly  precipitated  oxide 
of  silver  in  strong  ammonia,  or  more  readily  by  dissolving  nitrate  of  silver  in 
ammonia,  and  precipitating  the  litiuor  by  potash  in  slight  excess.  If  this  sub- 
stance be  pressed  by  a  hard  body,  while  still  moist,  it  explodes  with  unequalled 
violence;  when  dry,  the  touch  of  a  feather  is  often  sufficient  to  cause  it  to  fulmi- 
nate. The  explosion  is  obviously  occasioned  by  the  reduction  of  the  silver  from 
the  combination  of  its  oxygen  with  the  liydrogeu  of  the  ammonia,  and  the  evolu- 
tion of  nitrogen  gas. 

Sulphide  of  silver,  AgS,  124  or  ]5.")0.  —  Sulphur  and  silver  may  be  combined 
together  by  fusion ;  the  excess  of  sulphur  escapes,  and  at  a  high  temperature  the 
sulphide  melts ;  it  forms,  on  cooling,  a  crystalline  ma.«s.  This  compound  has  a 
lead-grey  colour  and  metallic  lustre.  It  is  so  soft  that  it  may*bc  cut  with  a  knife, 
and  is  malleable.  The  sulphide  of  silver  is  also  remarkable  for  conducting  elec- 
tricity, like  a  metal,  when  warmed.  The  same  compound  occurs  in  nature,  some- 
times crystallized  in  octohedrons  with  secondary  faces.  This  sulphide  is  particu- 
larly interesting  from  being  isomorphous  with  the  sulphide  of  copper,  AgS  with 
Cu^S  (p.  501).  These  two  sulphides  replace  each  other  in  indeterminate  propor- 
tions in  several  double  sulphides  of  silver  and  other  metiils,  as  in  polyhasite  and 
fnhl-ore*,  the  composition  of  which  may  be  expressed  by  the  following  formulse, 
the  symbols  placed  above  each  other  representing  constituents,  of  which  either  the 
one  or  the  other  may  be  present : 


3 


Polybasite     .     9 J"^ -f  ^^J 
Chloride  of  silver,  AgCl,  143-5  or  1703-75.  —  This  salt  contains,  in  100  parts, 
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24-69  parts  of  chlorine,  and  75-31  parts  of  silver.     It  is  fonod  lutiTe  as  A(ini-ti7. 
r<rr,  in  translucent  cubes  or  octobedrons  of  a  prreyish-white  coloar,  and  5peci&s 
gravity  5*55.     The  same  compound  is  also  thrown  down  as  a  white  precipitate,  at 
first  very  bulky  and  curdy,  when  hydrochloric  acid  or  a  soluble  chloride  is  added 
to  any  soluble  salt  of  silver,  except  the  hyposulphite.     It  is  wholly  infU)lable  ia 
water,  and  the  most  minute  quantity  of  hydrochloric  acid  eontaincd  in  water  may 
be  detected  by  adding  to  it  a  drop  of  a  solution  of  nitrate  of  silver.     HydTu- 
chloric  acid,  when  concentrated,  dissolves  chloride  of  silver,  which  crptilliKi 
from  it  in  octobedrons,  when  the  solution  is  evaporated.     This  salt  dissolves  o^mIv 
in  solution  of  ammonia,  and  crystallizes  also  as  the  ammonia  evapi^ratcs.     \Vh<.'a 
heated,  it  fuses  at  about  500°,  forming  a   transparent  yellowish  liquid,  whi«:h 
becomes,  after  couling,  a  mass  that  may  be  cut  with  a  knife,  and  has  considerable 
resemblance  to  horn  :  a  property  to  which  it  was  indebted  for  the  name  of  Avm- 
xilver,  applied  to  it  by  tlic  older  chemists.     It  is  not  volatile.     Chloride  of  «lvor 
is  not  affected  by  a  concentrated  solution  of  potash.     It  is  easily  reduced  to  the 
state  of  metal  by  zinc  or  iron  with  water.    Chloride  of  silver  may  be  disd^jlred  out 
in  this  way  by  means  of  zinc  and  acidulated  water,  from  a  porcelain  crucible  ia 
which  it  has  been  fused.     To  obtain  pure  silver  by  this  mode  of  redactlMn,  it  ii 
necessary  to  use  zinc  free  from  load,  otherwise  that  metal,  not  being  dissolved  by 
the  sulphuric  acid,  remains  mixed  with  the  silver.     A  better  mode  of  x^uctioa 
is  to  boil  the  chloride  of  silver  with  an  equal  weight  of  starch-sugar  and  a  solution 
of  one  part  of  carbonate  of  soda  in  three  parts  of  water  (Bottger).     The  chloride 
and  other  salts  of  silver  acquire  a  dark  colour  when  exposed  to  light ;  chlorizN 
escapes,  and  a  portion  of  the  salt  appears  to  be  reduced  to  the  metallic  state,  as 
the  olackened  surface  conducts  electricity.     According  to  Wctzlar,  the  black  mb- 
Btance  contains  an  inferior  chloride  of  silver,  and  is  not  attacked  by  nitric  acid,  cr 
soluble  in  ammonia.     It  has  also  been  supposed  that  the  blackening  is  due,  not  to 
any  chemical  decomposition,  "but  merely  to  a  change  in  the  state  of  aggrogatioo  of 
the  particles.     It  appears,  however,  from  some  recent  experiments  by  Dr.  F. 
Guthrie,  that  the  chloride  is-  completely  decomposed  and  metallic  silver  separatri 
even  in  presence  of  free  nitric  acid.    Paper  charged  with  chloride  of  silver  i*  x^ 
sensitive  to  the  impression  of  light,  and  is  the  material  used  fur  positive  pk^o 
graphs,  the  unaltered  chloride  being  afterwards  dissolved  out  by  a  solutioa  of  byp^ 
sulphite  of  soda. 

One  hundred  parts  of  chloride  of  silver  absorb  17*9  parts  of  ammoniactl  gu^ 

forming  the  compound,  3Nn3.2AgCl,  or  NHCNH,),Ag  |  ^^      ^^^  compoBiid 

gives  off  its  ammonia  in  the  air.  Chloride  of  silver  is  dissolved  by  concentnMd 
and  boiling  solutions  of  the  chlorides  of  potassium,  sodium,  and  ammonium,  sad, 
on  cooling,  a  double  salt  is  deposited  in  crystals,  generally  cubes.  Chloride  d 
silver  is  also  dissolved  by  cyanide  of  potassium,  and  the  solution  yields  a  doiUi 
salt  by  evaporation  (Liebig). 

Bromide  n/ stiver,  AgBr,  188  or  2850.— This  salt  consists  in  100  ptft&  of 
42-56  bromine  and  57*44  silver.  It  is  found  native  in  Mexico  and  in  BkIkw; 
sometimes  in  small  amorphous  masses,  sometimes  in  green ish-joUow  octobranl 
crystals.  It  is  nisoluble  in  wator,  and  falls  as  a  precipitate  which  is  white  al  irtt, 
but  becomes  pale  yellow  when  collected.  When  fused  and  cooled,  it  yields  a  wm 
of  a  pure  and  intense  yellow  colour.  It  has  most  of  the  properties  of  chloii<k  d 
silver,  but  dissolves  very  sparingly  in  ammonia. 

ToJuh  of  silver,  Agl,  234-30  or  2920-5.— This  salt  contains,  in  100  pB«K  * 
53-87  of  iodine  and  4613  of  silver.  It  is  found  native,  sometimes  in  tt^dv 
hexagonal  prisms.  It  is  insoluble  in  water,  like  the  chloride,  and  is  prrpovd  it 
a  similar  manner  by  precipitation,  but  is  distinguished  from  that  salt  by  its  eoksiy 
which  is  pale  yellow,  by  the  difficulty  with  which  it  is  disBolvcd  in  ammM 
being  oven  less  soluble  than  the  bromide^  and  by  being  blackened  man  jb*b 
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by  tli6  action  of  light  Aocordiog  to  Martini,  2500  parts  of  ammonia,  of 
denritj  0-960,  are  required  to  dissolve  one  part  of  iodide  of  silver.  It  is  soluble 
to  ft  large  extent,  at  the  boiling  temperature,  in  concentrated  solutiodl^  of  the 
aDoJine  and  earthy  iodides,  and  forms  with  them  double  salts. 

Silver  is  rapidly  dissolved  by  hydriodic  acid,  with  evolution  of  hydrogen.  If 
{he  action  is  assisted  by  heat,  the  solution  deposits,  on  cooling,  a  colourless  crys- 
talline salt,  resembling  nitrate  of  silver,  but  decomposing  as  soon  as  it  is  separated 
ftom  the  liquid :  it  appears  to  consist  of  an  iodide  of  silver  and  hydrogen.  The 
mother-liquor,  when  left  to  itself,  deposits  iodide  of  silver  in  large  regular  six-sided 
prisms,  resembling  the  native  iodide  (H.  Ste.-Claire  Dcville).* 

Fluoride  of  silver ,  AgF,  is  obtained  by  dissolving  the  oxide  or  carbonate  in 
h  jdrofluorio  acid.  It  b  veiy  solubl^  in  water,  and  is  partly  decomposed  by  evapo- 
ration. 

Cyanide  of  silver,  AgCy;  134  or  1675. — This  salt  contains,  in  100  parts, 
19-41  eyan(^en  and  80*59  silver.  It  falls  as  a  white  powder  when  hydrocyanio 
acid  is  added  to  a  solution  of  nitrate  of  silver.  It  is  distinguished  from  chloride 
of  silver  by  dissolving  in  concentrated  nitric  and  sulphuric  acids,  when  heated. 
It  is  readily  decomposed  by  hydrochloric  acid,  and  yields  hydrocyanic  acid,  100 
parts  of  cyanide  of  silver  giving  20-36  parts  of  hydrocyanic  acid.  It  is  decom- 
posed by  a  red  heat,  giving  off  half  its  cyanogen  and  leaving  paracyanide  of  silver, 
Ag«Cyt.  C^nide  of  silver  is  dissolved  by  cyanide  of  potassium,  and  other  soluble 
minides.  The  double  cyanide  of  potassium  and  silver  crystallizes  in  octohcdrons, 
KCv.AgCy. 

Carbonate  of  silver,  AgO.COj,  is  a  white  insoluble  powder. 

Sulphate  of  silver,  AgO.SO,;  150  or  1950.  —  Obtained  by  dissolving  silver, 
with  heat,  in  concentrated  sulphuric  acid,  or  by  precipitating  a  solution  of  nitrate 
of  silver  with  sulphate  of  potash.  It  is  soluble  in  88  times  its  weight  of  boiling 
water,  and  crystallizes,  on  cooling,  in  the  form  of  anhydrous  sulphate  of  soda. 
This  salt  Is  highly  soluble  in  ammonia,  and  gives,  by  evaporation,  an  ammoniacal 
sulphate  of  silver  in  fine   transparent   crystals,  which   are  persistent  in   air; 

AgO.SOa  -f  2NH„  or  NH,(NH<)Ag.S04.  Chromate  and  seleniate  of  silver  form 
analogous  compounds  with  ammonia,  which  are  all  isomorphous.  The  bichromate 
of  silver  is  also  isomorphous  with  bichromate  of  soda. 

Hyposulphate  o/ silver,  AgO-SgOs,  is  soluble  in  water,  and  crystallizes  in  the 
same  form  as  hyposulphate  of  soda.    It  ciystallizes  also  with  ammonia,  as  AgO.S^Os 

+  2NH„  or  NH^HjAgiSA- 

Hyposulphite  of  silver,  AgO.SjOj.  —  Hyposulphurous  acid  appears  to  have  a 
greater  affinity  for  oxide  of  silver  than  for  any  other  base.  Oxide  of  silver  decom- 
poses the  alkaline  hyposulphites,  liberating  one  half  of  their  alkali,  and  forming  a 
double  hyposulphite  of  the  alkali  and  silver.  These  double  salts  are  best  prepared 
by  adding  chloride  of  silver  in  small  portions  to  the  soluble  hyposulphite  of  pot- 
ash, soda,  ammonia,  or  lime  in  the  cold,  till  the  liquid  is  saturated ',  after  which, 
the  solution  is  filtered,  and  mixed  with  a  large  quantity  of  alcohol,  which  precipi- 
tates the  double  salt;  the  potash  and  soda  salts  are  crystallizable.  Herschel 
considers  the  double  salts  obtained  in  this  manner  as  probably  containing  one  eq. 
of  hyposulphite  of  silver  to  two  cq.  of  the  other  hyposulphite.  The  solution  of 
one  of  these  double  salts  dissolves  more  oxide  of  silver,  and  forms  a  double  salt, 
which  is  believed  to  contain  single  equivalents  of  the  salts,  and  precipitates  as  a 
white  crystalline,  pulverulent,  bulky  mass.  The  second  compound  is  sparingly 
aolnble  in  water,  but  dissolves  in  ammonia,  and  communicates  to  the  liquor  an 
intensely  sweet  taste. 

The  hyposulphite  of  silver  itself  is  an  insoluble  substance ;  it  is  prone  to  undergo 
deoompositiotty  changing  spontaneously  into  sulphate  and  sulphide  of  silver. 

*  Compt  rend.  xHL  894. 
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'When  to  a  dilute  solution  of  nitrate  of  silver,  a  dilute  solution  of  hjposolpbite  of 
soda  is  added  by  small  quantities,  a  white  precipitate  of  hyposulphite  of  silver  falU, 
which  dissolves  again  in  a  few  seconds,  from  the  formation  of  the  soluble  doub-c 
hyposulphite  of  soda  and  silver.     When  enough  of  hyposulphite  of  soda  ha>  boi-a 
gradually  added  to  render  the  precipitate  permanent,  without,  however,  decom- 
posing tho  whole  silver  salt,  a  flocculcnt  mass  is  obtained  of  a  dull  grey  colour, 
which  is  permanent.     The  liquor  contains  much  hyposulphite  of  silver,  aud  has 
an  intensely  sweet  taste,  not  at  all  metallic ;  the  silver  is  not  precipitated  from  it 
by  hydrochloric  acid   or  the   chlorides.     An   excess   of  hyphosulphate  of  k-*!* 
destroys  the  precipitated  hyposulphite  of  silver,  converting  it  into  sulphide  of 
silver. 

Nitrate  of  silver,  AgO.NOsj  170  or  2125.  —  When  a  piece  of  pure  silver  is 
suspended  in  nitric  acid,  it  dissolves  for  a  time  without  effervescence  at  a  low  tem- 
perature, nitrous  acid  being  produced,  which  colours  the  liquid  blue ;  but  if  beat 
be  applied  or  the  temperature  allowed  to  rise,  then  the  metal  dissolves  with  violriit 
cffen'cscencc,  from  the  escape  of  nitric  oxide.  The  nitrate  of  silver  crystallizes 
on  codling  in  colourless  tables,  which  are  anhydrous.  It  is  soluble  in  1  part  of 
cold,  in  \  part  of  hot  water,  and  in  4  parts  of  boiling  alcohol.  The  solution  of 
this  salt  docs  not  redden  litmus  paper,  like  most  metallic  salts,  but  is  exactly  neu- 
tral. Nitrate  of  silver  fuses  at  426^,  and  forms  a  ciystallinc  mass  on  cooliog ;  it 
is  cast  into  little  cylinders  for  the  use  of  surgeons.  It  is  sometimes  adultented 
in  this  state  with  nitrate  of  potash,  which  may  be  detected  by  the  alkaline  residue 
which  the  salt  then  leaves  when  heated  before  the  blowpipe,  —  or  with  nitrate  of 
lead,  in  which  case  the  solution  of  the  salt  is  precipitated  by  iodide  of  potaitsiam, 
of  a  full  yellow  colour.  When  applied  to  the  flesh  of  animals,  it  instantly 
destroys  the  organization  and  vitality  of  the  part.  It  forms  insoluble  compuuDdj 
with  many  kinds  of  animal  matter,  and  is  employed  to  remove  it  from  solutioo. 
When  organic  substances,  to  which  a  solution  of  nitrate  of  silver  has  been  applied, 
are  exposed  to  light,  they  become  black  from  the  reduction  of  the  oxide  of  gilva 
to  the  metallic  state.  A  solution  of  nitrate  of  silver  in  ether  is  employed  to  dys 
the  hair  black.  One  part  of  nitrate  of  silver  and  4  parts  of  gum  arabic  diaaolved 
in  4  parts  of  water,  and  blackened  with  a  small  quantity  of  Indian  ink,  form  tlw 
indelible  marking  ink  used  to  write  upon  linen.  The  part  of  the  lineo  tj  be 
marked  should  be  first  wetted  with  a  solution  of  carbonate  of  soda  and  dried,  tad 
the  writing  should  be  exposed  to  tho  light  of  the  sun.  For  this  ink,  which  is 
expensive,  another  liquid  lias  been  substituted  by  bleachers,  namely  coal  tar.  made 
sufficiently  thin  with  naphtha  to  write  with^  which  is  found  to  resist  chlorine,  and 
to  answer  well  as  a  marking  ink. 

A  strong  solution  of  nitrate  of  silver  absorbs  two  equivalents  of  ammoaiacal 
gas,  and  forms  the  crystallizablc  Ammoniacal  nitrate  of  silver^  Ago.XO|+  2NU| 

=  NlIaCNIIOAg.NOe.     The  dry  nitrate  in  powder  absorbs  three  atoms  of  aam^ 

nia,  AgO.NOs  +  3NH,  =  NH(NnolA^"06. 

Nitrate  of  silver  forms  a  double  salt  with  nitrate  of  the  red  oxide  of  meituj, 
which  crystallizes  in  prisms.  Nitrate  of  silver  and  cyanide  of  mercury  also  foim 
a  double  salt,  when  hot  solutions  of  them  are  mixed  :  AgO.NOj+2IIgCy+SH0. 
Cyanide  of  silver  is  soluble  in  a  boiling  solution  of  nitrate  of  silver,  and  £)naii 
crystalline  compound,  Ago.NOs  +  2AgCy,  which  is  decomposed  by  water. 

Nitrite  of  silver,  AgO.NOj;  154  or  1925.  —  Nitrate  of  soda  is  fused  alaral 
heat,  till  it  is  wholly  converted  into  nitrite  by  loss  of  oxygen ;  tho  latter  silt  tbes 
begins  to  give  off  nitrous  acid,  aud  a  small  portion  of  the  sadt  dissolved  in  viter 
will  be  found  to  precipitate  silver  brown.  The  fusion  is  then  interrupted,  the  nk 
dissolved  in  boiling;  water,  precipitated  by  nitrate  of  silver,  and  filtered  wldla  dl 
veiy  hot.  The  nitrite  of  silver,  which  requires  120  times  its  weight  of  vita  tf 
60^  to  dissolve  it,  is  precipitated  as  the  solution  cools.  The  other  Ditrita  m 
prepared  by  rubbing  this  salt  in  a  mortar  with  chlorides  taken  in  equTileat  )■■* 
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titles.  It  appears  ftom  experiments  of  Ptonst;  that  two  subnitritcs  of  silver 
exist,  one  soluble  and  tbe  other  insoluble. 

AceicUe  of  iilver,  which  is  soluble  in  100  times  its  weight  of  cold  water,  is  pre- 
cipitated when  acetate  of  copper  is  mixed  with  a  concentrated  solution  of  nitrate 
of  silver.     It  ciystalHzes  from  solution  in  boiling  water  in  anhydrous  needles. 

Oxalate  of  til ver  is  an  insoluble  powder.  A  double  oxalate  of  potash  and 
$ilv€r  is  formed  by  saturating  binoxalate  of  potash  with  carbonate  of  silver.  It  is 
Tery  soluble,  and  forms  rhomboidal  crystals,  which  arc  persistent  in  air. 

Peroxide  of  silver,  —  A  superior  oxide  of  silver  is  deposited  upon  the  positive 
pole  or  zincoid  of  a  voltaic  battery  in  a  weak  solution  of  nitrate  of  silver,  in  the 
form  of  needles  of  3  or  4  lines  in  length,  which  arc  black  and  have  a  metallio 
lustre,  while  metallic  silver  is,  at  the  same  time,  deposited  in  crystals  upon  the 
negative  pole  or  chloroid.  The  former  crystals  are  converted  by  sulphuric  acid 
into  oxide  of  silver  and  oxygen,  and  yield  with  hvdrochloric  acid,  chloride  of 
silver  and  chlorine.  According  to  Fischer,  whose  observations  are  confirmed  by 
L.  Gmelin,  the  peroxide  prepared  as  above  from  nitrate  of  silver  always  ret|iina 
nitric  acid,  and  if  prepared  in  a  similar  manner  from  the  sulphate,  it  always 
retains  sulphuric  acid.* 

Allocs  of  silver, — Silver  may  be  readily  alloyed  with  most  metals.  It  combines 
by  fusion  with  iron,  from  which  it  cannot  be  separated  by  cupellation.  Native 
Bilver  is  always  associated  with  gold ;  the  two  metals  are  found  ciystallised  toge- 
ther in  all  proportions  in  the  same  cubic  or  octohedral  crystals.  Gold  may  be 
detected  in  a  silver  coin,  by  dissolving  the  latter  in  pure  nitric  acid,  when  a  small 
quantity  of  black  powder  remains,  which  after  being  washed  with  water,  will  be 
lound  to  dissolve  in  uitro-hydrochloric  acid,  giving  a  yellow  solution^  in  which 
protochloride  of  tii^ produces  a  precipitate  of  the  purple  powder  of  Cassius.  Pure 
silver,  being  very  soft,  is  always  alloyed  in  coin  and  plate,  with  a  certain  quantity 
of  copper,  to  make  it  harder.  The  standard  silver  of  England  is  an  alloy  of  222 
pennyweights  of  silver  with  IS  pennyweights  of  copper,  or  it  contains  92*5  per 
cent  of  silver.  The  standard  of  the  Spanish  dollar,  of  the  French  and  most 
other  coinages,  is  90  per  cent,  of  silver.  The  alloy  of  silver  and  copper  of  great- 
est stability  consists  of  7 19  silver^  and  28*1  copper,  and  corresponds  with  the 
formula  AgCuf.f 

ESTIMATION    OF    SILVER,    AND    METHODS    OF    SEPABATINQ    IT    FROM    OTHER 

METALS. 

Silver,  when  in  the  state  of  solution,  is  always  estimated  as  chloride.  The  so- 
lution, if  not  already  acid,  is  slightly  acidulated  with  nitric  acid ;  the  silver  pre- 
cipitated with  hydrochloric  acid,  and  the  liquid  placed  for  some  hours  in  a  warm 
situation  to  cause  the  precipitated  chloride  of  silver  to  settle  down.  The  precipi- 
tate is  collected  on  a  filter,  which  should  be  as  small  as  possible,  washed  with 
water,  and  dried  at  212^.  It  ftiust  then  be  separated  as  completely  as  possible 
from  the  filter;  introduced  into  a  porcelain  crucible,  previously  weighed;  the  filter 
burnt  to  ashes  outside  the  crucible ;  the  ashes  added  to  the  contents  of  the  cru- 
cible ;  and  the  whole  strongly  heated  over  a  lamp  till  the  chloride  of  silver  is 
brought  to  a  state  of  tranquil  fusion,  after  which  it  is  left  to  cool  and  weighed. 
It  contains  75-26  per  cent,  of  silver.  This  mode  of  estimation  is  affected  with  an 
error,  arising  from  the  partial  reduction  of  the  chloride  of  silver  by  the  organic 
matter  of  the  filter.  The  error  thus  occasioned  is  but  slight  when  the  process  is 
well  conducted,  and  may  always  be  obviated  bv  treating  the  fused  chloride  after 
cooling  with  nitric  acid  to  dissolve  the  f educed  silver;  then  adding  hydrochloric 

*  Gmelin's  Handbook,  Translation,  vi.  145. 
t  Levol,  Aim.  Ch.  Qhys.  [8],  zxzvL  220. 


600  GOLD. 

acid,  evnporatinf]^  to  dryness,  and  again  fusing  the  residue.  Another  mode  of  pi^ 
ceediug  is  to  collect  the  chloride  of  silver  on  a  weighed  filter,  and  diy  it  in  in  i^ 
bath  at  about  300°  F.  The  chloride  may  also  be  washed  by  decantation,  nl 
the  use  of  a  filter  avoided  altogether;  but  the  washing  requires  yeiy earefol  «ui» 
pulation. 

The  quantity  of  silver  in  a  solution  may  also  be  determined  by  prect^ntatinrft 
with  a  solution  of  chloride  of  sodium  of  known  strength.  The  solution  of  ckkndi 
of  sodium  is  made  of  such  a  strength  that  a  cubic  decimetre  of  it  exactly  fnofh 
tatcs  1  gramme  of  pure  silver.  It  is  added  to  the  silver  solution  from  a  barene, 
divided  into  cubic  centimetres,  the  liquid  being  well  shaken  after  etch  addinoi^  § 
to  cause  the  precipitate  to  settle  down.  The  number  of  cubic  centimetres  of  nit* 
tion  thus  added  determines  the  quantity  of  silver  present. 

As  silver  is  reduced  from  many  of  its  salts  by  the  mere  action  of  heat  thi 
quantity  of  silver  in  such  compounds  may  be  readily  determined  by  simply  ieoi^ 
ing  them  in  a  porcelain  crucible.  This  method  is  applicable  to  nearly  all  saltt  <f 
silver  which  contain  organic  acids.  It  must  be  observed,  however,  that  in  mm 
cases,  a  certain  quantity  of  carbon  remains  combined  with  the  silver,  and  tbt 
some  organic  silver  compounds  containing  nitrogen  leave  cyanide  of  silver  whm 
ignited. 

The  method  of  precipitating  by  hydrochloric  acid  serves  to  separate  silver  froa 
all  other  metals.  If  lead  be  present  in  solution  with  silver,  the  liquid  ma«t  bf 
diluted  with  a  large  quantity  of  water  before  the  hydrochlorio  acid  is  idded; 
because  the  chloride  of  load  is  but  sparingly  soluble.  The  separation  of  alnr 
from  lead  may  also  be  effected  by  precipitating  both  the  metals  as  chlorides,  and 
dissolving  the  chloride  of  silver  in  ammonia.  To  separate  silver  from  matarji 
the  latter  metal,  if  in  the  state  of  mercurous  oxide,  must  first  bo  oonrcrted  ioli 
mercurio  oxide  by  oxidation  with  nitric  acid.  t 

The  estimation  of  the  quantity  of  silver  in  alloys,  such  as  eoimi,  is  nnuDf 
effiected  either  by  cupellation  in  the  manner  already  described  (p.  503),  or  by  dii- 
solving  the  alloy  in  nitric  acid,  and  precipitating  the  silver  with  a  gndaatedfolfr 
tion  of  chloride  of  sodium.'*' 

The  cupellation  of  silver  is  always  attended  with  a  certiin  loss,  arisine  farif 
from  a  portion  of  the  melted  silver  being  absorbed  by  the  cupel,  and  panlj  Vf 
volatilization.  The  loss  thus  occasioned  varies  with  the  proportion  of  lead  em- 
ployed in  the  cupellation,  with  the  proportion  of  silver  in  the  alloy,  and  likevin 
with  the  heat  of  the  furnace  :  hence  the  results  obtained  reriuire  a  certaio  cMn» 
tion,  the  amount  of  which  must  be  determined  by  special  tnals  made  upon  aUaji 
of  known  composition  and  with  different  proportions  of  lead. 


SECTION  III. 

QOLD. 

£q.  98-33  or  122916;  Au.  (^Aurum). 

Gold  is  found  in  small  quantity  in  most  countries,  sometimes  mixed  with  i 
pyrites,  copper  pyrites,  and  galena,  but  generally  native,  mass>ive,  and  disMsi- 
nated  in  threads  through  crystalline  rocks,  such  as  quartz,  or  in  grains  among  Al 
sand  of  rivers,  and  in  alluvial  deposits  formed  by  the  disintegration  of  ascM 
rocks.  In  these  deposits,  some  of  which  are  of  great  extent,  gold  is  ocMcgwIy 
found  in  masses  of  considerable  size,  called  nHij<jvt$,     Formerly,  the  principal 

•  The  procesA,  hy  Gay-Luraao,  for  this  purpose  is  described,  with  the  reqnMte  TaUil 
the  Parlianentary  Report  upon  the  Royal  Mint,  1887,  Appendix,  pL  14& 
MUUi'b  Elenunta  of  Chemutry,  p.  1035. 
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plj  of  this  metal  was  from  the  mines  of  South  America,  Ilaiigary,  and  the  Uralian 
mouDtains ;  bat  of  late  years,  the  largest  quantities  have  been  obtained  from  Cali- 
fornia and  Australia.  Native  gold  is  sometimes  pure,  but  is  more  frequently 
associated  in  various  proportions  with  silver. 

Gold  is  separated  from  the  substances  with  which  it  is  mechanically  associated, 
either  by  washing  with  water,  whereby  the  earthy  matters  are  carried  away  while 
the  heavy  gold  particles  remain  behind,  or  by  amalgamation.  The  small  quantity 
of  gold  which  occurs,  generally  associated  with  silver,  in  certain  lead  and  copper 
ores,  is  extracted  by  liquation  and  cupellation,  in  the  manner  already  described  fur 
silver.  By  these  processes,  gold  is  obtained  free  from  all  other  metals  except 
silver,  and  from  this  it  may  be  separated  by  nitric  acid,  which  dissolves  the  silver, 
but  only  when  it  forms  a  large  proportion  of  the  alloy.  When  nitric  acid  does 
not  dissolve  the  silver,  the  alloy  is  submitted  to  an  operation  termed  quartathnj 
which  consists  in  fusing  it  with  four  times  its  weight  of  silver,  after  which  the 
whole  of  the  silver  may  be  dissolved  out  by  nitric  acid. 

Pure  gold  may  be  obtained  from  any  alloy  containing  it,  by  dissolving  the  alloy 
in  a  mixture  of  two  measures  of  hydrochloric  and  one  measure  of  nitric  acid ; 
separating  the  solution  from  insoluble  chloride  of  silver  by  filtration ;  evaporating 
it  over  the  water-bath  till  acid  vapours  cease  to  be  exhaled ;  then  dissolving  the 
residue  in  water  acidulated  with  hydrochloric  acid ;  and  adding  protosulphate  of 
iron,  which  completely  precipitates  the  gold  in  the  form  of  a  brown  or  brownish- 
yellow  powder,  the  protosulphate  of  iron  being  at  the  same  time  converted  into 
sesquisulphate  and  sesquichloride : 

GCFeO .  SOa)  +  AU.CI3  =  2(Fe  A .  SSO,)  +  FcgCla  +  2  Au. 

The  gold  thus  precipitated  is  quite  destitute  of  metallic  lustre,  but  acquires  that 
character  by  burnishing. 

From  alloys  of  gold  and  silver,  or  of  gold,  silver,  and  copper,  the  gold  may  also 
he  separated  by  the  action  of  strong  sulphuric  acid.  The  alloy,  after  being  granu- 
lated by  pouring  it  in  the  melted  state  into  water,  is  heated  in  a  platinum  or  cast- 
iron  vessel  with  2}  times  its  weight  of  sulphuric  acid  of  specific  gravity  1-815 
(66^  Baum^),  the  heat  being  continued  as  long  as  sulphurous  acid  is  evolved. 
The  silver  and  copper  are  thereby  converted  into  sulphates,  while  the  gold  remains 
nnattacked.  The  solution  is  boiled  for  a  quarter  of  an  hour  with  an  additional 
quantity  of  sulphuric  acid  of  specific  gravity  1-653,  or  68°  Baumt?  (obtained  by 
concentrating  the  acid  mother-liquors  of  sulphate  of  copper  produced  in  the  opera- 
tion), and  afterwards  left  at  rest.  The  gold  then  settles  down,  and  the  liquid, 
after  being  diluted  with  water,  is  transferred  te  a  leaden  vessel  and  again  boiled 
with  sheets  of  copper  immersed  in  it.  The  silver  is  then  precipitated  in  the 
metallic  state,  while  the  copper  is  converted  into  sulphate,  and  dissolves.  The 
gold  deposited  in  the  manner  above  described  still  retains  a  small  quantity  of 
silver,  from  which  it  is  separated  by  treating  it  a  second  and  a  third  time  with 
Strong  sulphuric  acid :  it  then  retains  only  0*005  of  silver.  This  process  is  not 
applicable  to  alloys  containing  more  than  20  per  cent,  of  gold;  richer  alloys  must 
first  be  fused  with  the  requisite  quantity  of  silver.  It  is  applied  on  the  large 
scale  to  the  extraction  of  gold,  chiefly  from  alloys  which  contain  but  little  of  that 
metal,  such  as  native  silver  and  old  silver  coins,  and,  as  now  practised,  is  economi- 
cally available  even  when  the  amount  of  gold  does  not  exceed  one  part  in  2000. 

Gold  is  the  only  metal  of  a  yellow  colour.  When  pure,  it  is  more  malleable 
than  any  other  metal,  and  nearly  as  soft  as  lead.  Its  ductility  appears  to  have 
scarcely  a  limit.  A  single  grain  of  gold  has  been  drawn  into  a  wire  500  feet  in 
length,  and  this  metal  is  beaten  out  into  leaves  which  have  not  more  than 
1-200,000  of  an  inch  of  thickness.  The  coating  of  gold  on  gilt  silver  wire  is  still 
thinner.  Gold,  when  very  thin,  is  transparent,  thin  gold  leaf  appearing  green  by 
transmitted  light  The  green  colour  passes  into  a  ruby  red  when  highly  attenuated 
gold  is  heated :  in  the  red  gold-glass^  the  gold  is  in  the  metallic  state  (Faraday). 
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The  point  of  fusion  of  this  metal  is  2192**,  according  to  PoaiUet;  2518**,  accord- 
ing to  GujtoD-Morveau ;  2590°,  according  to  Daniell :  it  contracts  considerably 
upon  becoming  solid.  The  density  of  gold  varies  from  19*258  to  19*367,  acc<>rd- 
inc^  as  it  has  been  more  or  loss  compressed.  Gold  docs  not  oxidate  or  tarnish  in 
air,  at  the  usual  temperature,  nor  when  strongly  ignited.  But  this  and  the  other 
noble  metals  are  dissipated  and  partly  oxidated,  when  a  powerful  electric  chanre 
is  sent  through  them  in  thin  leaves.  It  is  not  dissolved  by  nitric,  hydrvichloric, 
or  sulphuric  acid,  or  indeed  by  any  single  acid.  It  is  acted  upon  by  ehlorioe, 
which  converts  it  into  scsquichloride,  and  by  acid-mixtures,  such  as  aqaa-rcdi, 
which  evulvc  chlorine.  It  combines  in  two  proportions  with  oxygen,  furmiu^  the 
two  oxides  AujO  and  AutO,,  which  show  but  little  tendency  to  combine  with 
acids.  Some  chemists,  however,  double  the  atomic  weight  of  gold,  and  regard 
these  oxides  as  protoxide,  AuO,  and  teroxide,  AuOj,  respectively. 

Oxiih  of  goldy  Auroug  oxulc,  AujO,  204-66  or  2558-25 This  oxide  u  ob- 
tained as  a  green  powder  by  decomposing  the  corresponding  chloride  of  gold  with 
a  cold  solution  of  potash.  It  is  partly  dissolved  by  the  alkali,  and  soon  bcdo*  to 
undergo  decomposition,  being  resolved  into  the  higher  oxide  and  motaliic  ci<!d. 
The  latter  forms  upon  the  sides  of  the  vessel  a  thin  film,  which  is  green  by  tncs- 
mittcd  light,  like  gold  leaf. 

Chloride  of  gold,  Aurous  cMoride^  AujCl,  is  obtained  by  evaporating:  a  Bolution 
of  the  scsquichloride  to  dryness,  and  heating  the  powder  thus  obt^iincd  in  a  nad- 
bath,  retaining  it  at  about  the  temperature  of  melting  tin,  and  constantly  stirrioj^ 
it,  so  long  as  chlorine  is  evolved.  It  is  a  white,  saline  mass,  having  a  tin:^!  oif 
yellow,  and  quite  insoluble  in  water.  In  the  dry  state  it  is  permanent,  bat  in 
contact  with  water  it  gradually  undergoes  decomposition,  and  is  converted  into 
gold  and  the  scsquichloride.  This  change  takes  place  almost  instantaueoofiy  at 
the  boiling  temperature. 

Avrnun  iodide,  Au,I,  is  formed  by  the  action  of  hydriodic  acid  on  auric  oxide, 
water  being  formed  and  two-thirds  of  the  iodine  set  free : 

AuA  +  3ni  =  Au,I  4-  3II0  +  21 ; 

also  by  adding  iodide  of  potassium  in  proper  proportion^  and  in  successive  nul 
quantities,  to  an  aqueous  solution  of  auric  chloride : 

AuaCI,  +  3KI  =  AuJ  +  3KC1  +  21. 

It  is  a  lemon-yellow,  crystalline  powder,  insoluble  in  cold  water,  and  veiy  «pariDg!j 
soluble  in  boiling  water. 

Aurous  sulphide  is  formed  when  hydrosulphuric  acid  gas  is  passed  into  a  boiliog 
solution  of  the  scsquichloride  of  gold.  It  is  dark-brown,  almost  black.  Anrov 
sulphide  combines  with  the  protosulphides  of  potassium  and  sodium,  fonnin^ 
double  salts  containing  1  eq.  of  aurous  sulphide  with  I  cq.  of  the  alkaline  nd- 
phide.  The  sodium-salt  is  obtained  by  fusing  together  2  cq.  protosulphide  c( 
sodium,  1  eq.  gold,  and  6  eq.  sulphur;  digesting  the  fused  mass  in  watvr;  fil- 
ing the  yellow  solution  in  an  atmosphere  of  nitrogen  ;  and  concentrating  in  tmw 
over  sulphuric  acid.  Yellow  cr}'stal8  are  then  obtained,  having  the  form  of  o^ 
lique  hexagonal  prisms  with  trilateral  or  quadrilateral  summits,  and  containiBS 
Na8.Au'S  +  8Aq.  They  are  soluble  in  water  and  alcohol.  The  pota.ssiinn->ik| 
which  is  obtained  in  a  similar  manner,  forms  indistinct  crystals  (Cot.  Yorke\* 

Sesquioxide  of  gold,  Auric  oxide,  AuA,  22066  or  2f5S-25.— This  oxide  bn 
many  of  the  properties  of  an  acid.  It  is  obtained  by  digesting  magnecia  in  i 
solution  of  scsquichloride  of  gold,  when  an  insoluble  compound  of  auric  toAk 
and  magnesia  is  formed,  which  is  collected  upon  a  filter  and  well  washed.  Tht 
compound  is  afterwards  digested  in  nitric  acid,  which  dissolves  the  magnerii,  vM 
traces  of  auric  oxide,  but  leaves  the  greater  part  of  the  latter  undxsHUved.    It  M 

«  ChMkflM.  Qn.  J.  L  286. 
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left  in  tbe  state  of  a  reddiah-TeUow  bydnte,  vhich  when  dried  in  air  becomes 
obestnut-brown.  When  precipitated  by  an  alkali,  anric  oxide  carries  down  a 
portion  of  the  latter,  of  which  it  may  be  deprived  by  nitric  acid.  Dried  at  212°| 
it  abandons  its  water,  becomes  black,  and  is  in  part  reduced.  When  exposed  to 
light,  particularly  to  the  direct  rays  of  the  sun,  its  reduction  is  very  rapid.  It  is 
decomposed  by  an  incipient  red  heat  Hydrochloric  acid  is  the  only  acid  which 
dissolves  and  retains  this  oxide,  and  then  scsouichloride  of  gold  is  formed.  It  is 
dissolved  by  concentrated  nitric  and  sulphunc  acid,  but  precipitated  from  these 
solutions  by  water.  The  affinity  of  this  oxide  for  alkaline  oxides,  on  the  contraryi 
18  so  great  that,  when  boiled  in  a  solution  of  chloride  of  potassium,  it  is  dissolvcdy 
the  liquid  becoming  alkaline,  and  aurate  of  potash,  or  a  compound  of  auric  oxide 
and  potash,  being  formed.  The  compounds  of  auric  oxide  with  the  alkalies  and 
alkaline  oxides  are  nearly  colourless,  and  are  not  decomposed  by  water.  They . 
appear  to  be  of  two  different  degrees  of  saturation,  aurates  which  are  soluble,  and 
Buperauratcs  which  are  insoluble.  The  only  one  of  these  compounds  which  has 
been  studied  in  some  degree  is  the  aurate  of  ammonia,  or  fulminating  gold  as  it 
ia  named,  from  its  violently  explosive  character. 

Aurate  of  ammonia.  —  When  the  solution  of  gold  is  precipitated  by  a  small 
quantity  of  ammonia,  a  powder  of  a  deep  yellow  colour  is  obtained,  which  is  a 
ccHUpound  of  aurate  of  ammonia  with  a  portion  of  scsquichloride  of  gold.  This 
compound  explodes  by  heat,  but  the  detonation  is  not  strong.  But  when  the  so- 
lution of  gold  is  treated  with  an  excess  of  ammonia,  and  the  precipitate  well 
washed  by  ebullition  in  a  solution  of  ammonia,  or  better  in  water  containing 
potash,  the  fulminating  gold  has  a  yellowish  brown  colour  with  a  tinge  of  purple. 
When  dry,  it  explodes  very  easily  with  a  loud  report,  accompanied  by  a  feeble 
flame.  It  may  be  exploded  by  a  heat  a  little  above  the  boiling  point  of  water,  or 
by  the  blow  of  a  hammer.  Its  composition  has  not  been  exactly  determined ;  but 
if  the  ammonia  is  present  in  double  the  proportion  that  would  contain  the  hydro- 
gen necessary  to  bum  the  oxygen  of  the  auric  oxide,  which  Berzelius  considers 
probable,  its  constituents  may  be  Au80j.2NH,-|  HO.  The  affinity  of  auric  oxide 
for  ammonia  is  so  great,  that  it  takes  that  alkali  from  all  acids.  Thus,  when  auric 
oxide  is  digested  in  sulphate  of  ammonia,  fulminating  gold  is  formed,  and  the  liquid 
becomes  acid. 

Aurate  of  potash,  KO.AuaOs  +  6H0.  —  Obtained  in  the  crystaHine  state  by 
evaporating  a  solution  of  scsquioxide  of  gold  in  a  slight  excess  of  pure  potash, 
first  over  the  open  fire  and  afterwards  in  vacuo :  the  crystals  may  be  freed  from 
adhering  potash  by  recrystallization  from  water,  then  drained  on  unglazed  porce- 
lain and  dried  in  vacuo.  Aurate  of  potash  is  very  soluble  in  water,  and  forms  a 
KUowish  strongly  alkaline  solution,  which  is  decomposed  by  nearly  all  organio 
dies,  the  gold  being  precipitated  in  the  metallic  state :  it  is  also  decomposed  by 
heat.  With  most  metallic  salts  it  forms  precipitates  of  aurates,  which  are  inso- 
luble in  water,  but  soluble  in  excess  of  the  precipitant ;  thus^  chloride  of  calcium 
forms  a  precipitate  of  aurate  of  lime,  soluble  in  excess  of  chloride  of  calcium. 
The  solution  of  aurate  of  potash  may  be  used  as  a  bath  for  electro-gilding. 

Aurosulphiu  of  potash,  KO-Au^Oa  +  4(K0.2SO,)  +  5H0;  or  6K0  j  ^g^^» 

-f-5nO. — Deposited  in  beautiful  yellow  needles  when  sulphite  of  potash  is  added 
drop  by  drop  to  an  alkaline  solution  of  aurate  of  potash.  It  is  nearly  insoluble 
in  alkaline  solutions,  but  dissolves  with  decomposition  in  pure  water,  especially  if 
hot;  giving  off  sulphurous  acid  and  depositing  metallic  gold.  Acids  decompose  it 
in  a  similar  manner.  After  drying  in  vacuo,  it  may  be  preserved  for  two  or  three 
months,  in  well-dosed  bottles,  but  ultimately  decomposes,  giving  off  sulphurous 
add  and  leaving  metallic  gold  and  sulphate  of  potash.  The  same  decomposition 
takes  place  more  quickly  when  the  salt  is  heated  (Fremy).* 

•  Ann.  Ch.  Pharm.  Ivi.  816. 
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this  solution  r,  the  solution  b  is  first  added,  and  then  the  solution  a,  drop  by  drop, 
tili  the  proper  colour  is  produced.  If  the  quantity  of  a  be  too  small,  the  precipi- 
tate is  violet ;  if  too  large,  it  is  brown.  It  must  bo  waHhcd  quickly,  so  that  the 
liquid  may  not  act  upon  it  too  long.     It  weighs  01  parts  (Bouisson).* 

Scsquisufjjhuie  of  gold  y  AujSj,  or  Auric  sulphide^  is  formed  when  a  dilute  solu- 
tion of  gold  is  precipitiited  cold  by  hydrasulphuric  acid.  It  is  a  flocculcnt  matter 
of  a  strong  yellow  colour,  which  becumes  deeper  by  drying ;  it  loses  its  sulphur  at 
a  moderate  heat. 

tSi'xquiMoride  of  gold,  Perchhride  of  gold,  Auric  chloride,  AujClj,  303-16  or 
37i^0-5.  —  This  compound  is  formed  when  gold  is  dissolved  in  aqua-regia.  The 
solution  is  yellow,  and  becomes  paler  with  an  excess  of  acid,  but  is  of  a  deep  red 
when  neutral  in  composition.  It  is  obtained  in  the  last  condition  by  evaporating 
tlie  solution  of  gold,  till  the  li([uid  is  of  a  dark  ruby  colour,  and  begins  to  emit 
chlorine.  It  forms  on  cooling  a  dark  red  crystalline  mass,  which  deliquesces 
quickly  in  air.  But  the  only  method  of  procuring  auric  chloride  perfectly  free 
from  acid  salt,  is  to  decompose  aurous  chloride  with  water.  A  compound  of  chlo- 
ride of  gold  and  hydrochluric  acid  crystallizes  easily  from  an  acid  solution,  in  long 
needles  of  a  pale  yellow  colour,  which  are  permanent  in  dry  air,  but  run  into  a 
liquid  in  damp  air.  The  solution  of  this  salt  deposits  gold  on  its  surface,  and  on 
the  side  of  the  vessel  turned  to  the  light.  The  gold  is  also  precipitated  in  the 
metallic  state  by  phosphorus,  by  most  metals,  by  ferrous  salts,  by  arsenious  and 
antimonious  acids,  and  by  many  vegetable  and  animal  substances,  by  vegetable 
acids,  by  oxalate  of  potash,  &c.,  carbonic  acid  then  escaping.  Ilydrosulphuric 
acid  and  sulphide  of  ammonium  throw  down  black  sulphide  of  gold,  soluble  in 
excess  of  the  latter  reagent.  Ammonia  and  carbonate  of  ammonia  produce  a 
jellow  precipitate  of  fulminating  gold.  Potash  added  in  excess  forms  no  preci- 
pitate, unless  it  contains  organic  matter,  in  which  case  a  slight  precipitate  of  au- 
rous oxide  is  produced.  Cyanide  of  potassium  produces  a  yellow  precipitate 
aoluble  in  excess.  Tincture  of  galls  throws  down  metallic  gold.  Chloride  of  gold 
is  soluble  in  ether  and  in  some  essential  oils.  It  forms  double  salts  with  most 
other  chlorides,  which  are  almost  all  oninge-colourcd  when  crj'stallized ;  in  efflo- 
rescing, they  acquire  a  lemon-yellow  colour,  but  in  the  anhydrous  state  they  are 
of  an  intense  red.  They  are  obtained  by  evaporating  the  mixed  solutions  of  the 
two  salts. 

Chloride  ofigold  and  potassium,  KCI.AU2CI3 -f  6II0.  —  Crystallizes  in  striated 
prisms  with  right  summits,  or  in  thin  hexagonal  tables  which  are  very  efflorescent; 
becomes  anhydrous  at  212°.  The  anhydruus  salt  fuses  readily  when  heated,  but 
loses  chlorine  and  becomes  a  li(|uid,  which  is  black  while  hot,  and  yellow  wlien 
cold.  It  is  then  a  compound  of  aurous  chloride  with  chloride  of  potassium. 
Chloride  of  gold  and  ammonium  crystallizes  in  transparent  prismatic  needles, 
which  become  opaque  in  air;  Mr.  Johnston  found  their  composition  to  be 
NH4CI.AU2CI34-2IIO.  Chloride  0/  gold  and  sodium  crystallizes  in  long  four- 
sided  prisms,  and  is  persistent  in  air.  Its  composition  is  NaCl .  AujCls  +  4H0. 
Bonsdorff  has  prepared  similar  double  salts  with  the  chlorides  of  barium,  stron- 
tium, calcium,  magnesium,  manganese,  zinc,  cadminm,  cobalt,  and  nickel.  The 
salt  of  lime  contains  six,  and  the  salt  of  magnesia  twelve  equivalents  of  water. 

Scsquihroviide  of  gold,  AuaBr,,  is  formed  by  dissolving  gold  in  a  mixture  of 
Bitric  and  hydrobromic  acids.  It  greatly  resembles  the  sesquichloridc,  and  forms 
also  an  extensive  series  of  double  salts. 

Auric  iodide,  Au^Ij,  is  formed  by  gradually  adding  a  neutral  solution  of  auric 
chloride  to  a  solution  of  iodide  of  potassium :  the  liquid  then  acquires  a  dark- 
green  colour,  and  yields  a  dark-green  precipitate  of  Aujj,  which  redissolvcs  on 
agitation ;  but  after  1  eq.  of  the  auric  chloride  has  been  added  to  4  eqs.  of  iodide 
of  potassium,  a  further  addition  of  the  gold-solution  decolourizes  the  liquid  and 
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rbite  amalgam,  of  pasty  consistence,  containing  about  2  parts  of  gold  to  1  part 
f  merciiTy.  By  dissolving  1  part  of  gold  in  1000  parts  of  mercury,  pressing 
brough  chamois-leather,  and  treating  the  residue  with  dilute  nitric  acid  at  a 
loderate  heat,  a  solid  amalgam,  Augllg,  is  obtained,  which  crystallizes  in  shining 
jur-sided  prisms,  retains  its  lustre  in  the  air,  is  not  decomposed  by  boiliug  nitric 
cid,  and  does  not  melt  even  when  heated  till  the  mercury  volatilizes  (T.  II. 
lenry).* 

Gildlntj  and  silvering, — The  pasty  amalgam  of  2  parts  gold  and  1  part  mor- 
ury  i.s  used  for  gilding  ornamented  articles  of  copper  and  bronze.  The  surface  of 
fie  object  is  first  thoroughly  cleaned  by  heating  it  to  redness,  then  pluDgiug  it 
3to  dilute  sulphuric  acid,  and  sometimes  for  an  instant  also  into  strong  nitric 
cid  'y  it  is  then  amaljamated  by  washing  it  with  a  solution  of  nitrate  of  mercury, 
nd  afterwards  pressed  upon  the  pasty  amalgam,  a  portion  of  which  adheres  to  it. 
'he  mercury  is  then  expelled  by  heat,  and  the  gold-surface  finally  polished.  Silver 
lay  be  gilt  by  similar  processes. 

fiy  .substituting  an  amalgam  of  silver  for  the  amalgam  of  gold,  articles  of  copper, 
ronze,  and  brass  may  be  silvered  ox  pli^tal. 

Articles  of  copper,  chiefly  copper  trinkets,  are  also  gilt  by  immersion  in  a  boil- 
ig  solution  of  chloride  of  gold  in  an  alkaline  carbonate,  after  having  been  cleaned 
y  processes  similar  to  those  just  described. 

13ut  the  process  now  mo.st  generally  adopted  is  that  of  electro-gilding^  which  is 
erformed  by  immeriiing  the  objects  to  be  gilt  in  a  solution  of  10  parts  of  cyanide 
r  potassium  and  1  part  of  cyanide  of  gi»ld  in  100  parts  of  distilled  water,  and 
9nnecting  them  with  the  negative  pole  of  a  voltaic  battery,  while  the  positive 
ole  is  connected  with  a  bar  of  gold  also  immersed  in  the  liquid.  The  solution  is 
len  decomposed  by  the  current,  the  gold  being  deposited  on  the  objects  at  the 
egative  pole,  while  the  gold  connected  with  the  positive  pole  dissolves  and  keeps 
le  solution  at  a  nearly  uniform  strength.  The  cyanide  of  potassium  in  the  solu- 
on  is  sometimes  replaced  by  fcrrocyanide  of  potassium,  and  the  cyanide  of  gold 
y  sesquioxide  of  gold,  chloride  of  gold  and  potassium,  or  sulphide  of  gold;  but 
ic  composition  above  given  is  that  which  is  most  generally  adopted.  This  mode 
r  gilding  may  be  at  once  applied  to  copper,  brass,  bronze,  silver,  or  platinum. 
o  gild  iron,  steel,  or  tin,  it  is  necessary  first  to  deposit  a  layer  of  copper  on  the 
irface,  which  is  effected  by  immersion  for  a  few  seconds  in  a  bath  of  cyanide  of 
>pper  and  potassium. 

EUctro-sihering  or  electro-plating  is  performed  in  a  similar  manner,  with  a 
ath  composed  of  1  part  of  cyanide  of  silver  and  10  parts  of  cyanide  of  potassium 
issolved  in  100  parts  of  water;  it  is  principally  applied  to  articles  made  of  nickel- 
Jvcr. 

Platinum  may  also  be  deposited  in  a  similar  manner  on  copper  or  silver;  but  it 
oes  not  adhere  very  firmly. 

ESTIMATION     OF    GOLD,    AND    METHODS     OP    SEPARATING     IT    FROM    OTHER 

METALS. 

Gold  is  always  estimated  in  the  metallic  state.  It  is  generally  precipitated  from 
s  solution  in  aqua-regia  by  protosulphate  of  iron  or  oxalic  acid.  Protosulphate 
r  iron  precipitates  the  gold  in  the  form  of  a  fine  brown  powder.  If  the  gold 
dution  is  quite  neutral,  it  must  first  be  acidulated  with  hydrochloric  acid,  othecr 
isc  the  precipitated  gold  will  be  contaminated  with  sesquioxide  of  iron  formed 
J  the  action  of  the  air  on  the  solution  of  the  protosulphate.  If  the  gold  solution 
>n tains  much  free  nitric  acid,  there  is  a  risk  of  some  of  the  precipitated  gold 
?ing  re-dissolved  by  the  aqua-regia  present.  To  prevent  this,  the  excess  of  nitric 
fid  must  be  destroyed  by  adding  hydrochloric  acid,  and  boiling  before  the  iron 
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»f  palladium,  but  sometimes  much  less,  with  small  quantities  of  copper, 
jiy  osmium,  iridium,  and  ruthenium.  To  separate  the  platinum  from  thcso 
the  ore  is  digested  in  a  retort  with  hydrochloric  acid,  to  which  additions 
ic  acid  are  made  from  time  to  time.  Whea  the  hydrochloric  acid  is  nearly 
ed,  the  liquid  is  evaporated  in  the  retort  to  a  syrup,  then  diluted  with 
and  drawn  off  from  the  insoluble  residue.  If  the  mineral  is  not  com- 
decomposed,  more  aqua-rcgia  is  added  and  the  distillation  continued.  A 
always  remains  undissolved,  consisting  of  grains  of  a  compound  of  osmium 
dium,  and  little  brilliant  plates  of  the  same  alloy,  besides  foreign  mineral 
ices  which  may  be  mixed  with  the  ore.  The  solution  is  generally  deep  red, 
lits  chlorine  from  the  presence  of  perchloride  of  palladium ;  to  decompose 
the  liquid  is  boiled,  whereupon  chlorine  escapes,  and  the  palladium  is  re- 
to  protochloridc.  Chloride  of  potassium  is  then  added,  which  precipitates 
.tinum  as  a  sparingly  soluble  double  chloride  of  platinum  and  potassium, 
has  a  yellow  colour  if  pure,  but  red  if  it  is  accompanied  by  the  double 
e  of  iridium  and  potassium.  The  precipitate  is  collected  on  a  filter,  and 
I  with  a  dilute  solution  of  chloride  of  potassium.  By  igniting  this  double 
ith  twice  its  weight  of  carbonate  of  potash  to  the  point  of  fusion,  the 
im  is  reduced  to  the  metallic  state,  while  a  portion  of  the  iridium  remains  aa 
Ic.  The  soluble  potash-salts  are  then  removed  by  washing  with  hot  water, 
le  platinum  is  dissolved  by  aqua-regia,  in  which  the  peroxide  of  iridium 
s  untouched.  To  complete  the  separation  of  the  iridium,  the  precipitation 
Dride  of  potassium  and  ignition  with  carbonate  of  potash  may  require  to  be 
d  several  times.  The  platinum-solution  thus  freed  from  iridium  is  mixed 
il-ammoniac,  which  throws  down  a  yellow  precipitate  of  the  double  chloride 
tinum  and  ammonium.  From  this  precipitate,  when  heated  to  redness, 
e  and  sal-ammoniac  arc  given  off,  and  the  platinum  remains  in  the  form  of 
'ly  coherent  mass,  called  spomjy  platinum.  When  it  is  not  required  to 
latinuni  absolutely  pure,  the  solution  first  obtained  from  the  ore  is  precipi- 
ty  sal-ammoniac,  and  the  precipitate  treated  in  the  manner  just  described : 
jf  the  platinum  of  commerce  is  obtained  in  that  way.  The  small  trace  of 
1  which  is  left  in  commercial  platinum  greatly  increases  its  hardness  and 
y. 

iuum  is  too  refractory  to  be  fused  in  coal  furnaces  :  but  at  a  high  tempera- 
\  particles  cohere  like  those  of  iron,  and  it  may,  like  that  metal,  be  welded, 
L»reby  rendered  malleable.     For  this  purpose,  the  spongy  platinum  obtained 
ting  the  double  chloride  of  platinum  and  ammonium,  is  in- 
•d  into  a  brass  cylinder  e  f  <j  h  (fig.  205),  the  lower  part  of      Fm-  205. 
tits  into  a  steel  socket  abed.     The  cylinder  being  half 
'ith  spongy  platinum,  a  steel  piston  i  k,  which  fits  it  exactly, 
educed,  and  driven  down  by  blows  of  a  hammer,  gently  at 
It  afterwards  with  greater  force.     The  spongy  platinum  is 
r  much  reduced  in  bulk,  and  after  a  while  is  converted  into  a 
jt  disc  of  metal.     This  disc  is  heated   to  whiteness   in  a 
and  afterwards  hammered  on  a  steel  anvil.     By  repeating 
)peration8  several  times,  the  platinum  is  rendered  perfectly 
)ie  and  ductile,  and  may  be  rolled  into  sheets.     Platinum  in 
ite  is  the  densest  body  at  present  known ;  its  specific  gravity 
ed  by  Dr.  Wollaston  at  21.53.     This  metal  may  be  fused  by 
yhydrogen  blow-pipe,  or  even  made  to  boil,  and  be  dissipated 
nntillations.     It  is  not  acted  upon  by  any  single  acid,  not 
f  concentrated  and  boiling  sulphuric  acid.     Its  resistance  to 
ion  of  acids,  conjoined  with  its  difficult  fusibility,  renders 
in  invaluable  for  chemical  experiments,  and  for  some  purposes  it 
chemical  arts,  particularly  for  the  concentration  of  oil  of   ^1 
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The  remarkable  influence  of  a  dean  sarface  of  platiDam  in  determininc  the  con- 
bustion  of  oxygen  and  hydrogen,  has  already  oeen  considered.    This  propciif 
platinum  shares  with  osmium,  iridium,  palladium,  and  rhodium.     It  is  exhioittd 
in  the  greatest  degree  by  the  highly  divided  metal,  such  as  platinnm-nnnso,  the 
condition  in  which  the  metal  is  left  on  igniting  the  double  chloride  of  platinam 
and  ammonium.    Platinum  precipitated  from  solution  by  zinc,  causes  the  combos 
tion  of  alcohol  vapour.   The  black  powder  of  platinum^  commonly  called  pinfinnw' 
black,  is  the  form  in  which  that  metal  is  most  active.     This  is  prepared  by  dis- 
solving the  protochloride  of  platinum  in  a  hot  and  concentrated   solation  of 
potash,  and  pouring  alcohol  into  it  while  still  hot,  by  small  quantities  at  a  lime; 
violent  effervescence  then  occurs  from  the  escape  of  carbonic  acid  gas,  by  vhich 
the  contents  of  the  vessel,  unless  capacious,  may  bo  thrown  out.     The  liijuor  v 
decanted  from  the  black  powder  which  appears,  and  the  latter  boiled  succe*^>ivelT 
with  alcohol,  hydrochloric  acid,  and  potash,  and  finally  four  or  five  time«  vitb 
water,  to  divest  it  of  all  foreign  matters.     Platinum -black  may  also  be  ubtained 
by  decomposing  a  hot  solution  of  sulphate  of  platinum  with  alcohol;  and  by 
boiling  a  solution  of  the  bichloride  with  carbonate  of  soda  and  sugar;  chU'rido 
of  sodium  is  then  formed,  water  and  carbonic  acid  are  produced  by  oxidation  of 
the  sugar,  and  the  platinum  is  precipitated  in  the  finely-divided  state.    The 
powder,  when  dried,  resembles  lamp-black,  and  soils  the  fingers,  but  still  it  ii 
only  metallic  platinum  extremely  divided,  and  may  be  heated  to  full  redness  with- 
out any  change  of  appearance  or  properties.     It  loses  these  properties,  howerer, 
by  the  effect  of  a  white  heat,  and  assumes  a  metallic  aspect.     Platinum-black, 
like  wood  charcoal,  absorbs  and  condenses  gases  in  its  pores,  with  evolution  of 
heat,  a  property  which  must  assist  its  action  on  oxygen  and  hydrogen,  ahheoidi 
not  essential  to  that  action.     When  moistened  with  alcohol,  it  determines  tlM 
oxidation  of  that  substance  in  air,  and  the  formation  of  acetic  acid ;  and,  id  • 
similar  manner,  it  converts  wood-spirit  into  formic  acid. 

Platinum  is  insoluble  in  all  acids  except  aqua-rcgia.  It  may  be  oxidated  in  the 
dry  way  by  fusing  it  with  hydrate  of  potash  or  nitre.  Palladium,  osmium,  and 
iridium  resemble  platinum  in  their  chemical  relations,  the  correspond  in;:  com- 
pounds of  these  four  metals  being  isomorphous;  platinum  and  iridium  huro  also 
the  same  atomic  weight.  Of  platinum,  only  two  degrees  of  oxidation  are  knovi 
with  certainty,  the  protoxide,  PtO,  and  binoxidc,  PtO^. 

ProtoxiJc  of  platinum,  Platinoun  oridc,  PtO,  106*68  or  1333-5. — ^Thif  oxide 
is  obtained  by  digesting  the  corresponding  chloride  of  platinum  with  potajj^h,  »  i 
black  powder,  which  is  a  hydrate.  It  is  dissolved  by  an  excess  of  the  alkali,  uA 
forms  a  green  solution,  which  may  become  black  like  ink  with  a  large  quaotitj  flf 
oxide.  Protoxide  of  platinum  forms  the  platinous  class  of  salts,  which  have  a 
greenish,  or,  sometimes  red  colour,  and  are  distinguished  from  the  platinic  vJti 
by  not  being  precipitated  by  sal-ammoniac.  With  hydrosulphuric  acid  andiyd^ 
sulphate  of  ammonia y  they  form  a  black  precipitate,  soluble  in  a  brgc  cxcesief 
the  latter ;  with  mercurous  n  if  rate,  a  black  precipitate ;  with  potashy  no  pRcip 
tate;  with  carbonate  of  potash  or  soda,  a  brownish  precipitate.  Ammonia  iddM 
to  the  hydrochloric  acid  solution  throws  down  a  green  crystalline  precipitate  ef 
ammonio-platinous  chloride;  carbonate  of  ammonia  forms  no  precipitate. 

Proto9ulphide  of  platinum^  PtS,  is  thrown  down  as  a  black  precipitate,  vkA 
the  protochloride  of  platinum  is  decomposed  by  hydrosulphuric  acid.  It  naybt 
washed^and  dried  without  decomposition. 

Protochloride  of  platinum^  Platinous  chloride,  PtCl,  is  obtained  by  cvtporaiaf 
a  solution  of  the  bichloride  of  platinum  to  dryness;  triturating  the  diy  maai:  ■■ 
beating  it  in  a  porcelain  capsule  by  a  sand-batli  at  the  melting  point  of  tia,  takiBft 
care  to  stir  it  at  the  same  time,  so  long  as  chlorine  is  evolved.  It 
a  greenish  grey  powder,  quite  insoluble  in  water,  and  repelling  that 
not  to  be  moistened  by  it.  This  chloride  is  not  decomposed  by  salphuiio 
acid^  but  is  partially  soluble  in  boiling  and  coacentnted  hydrochlono  aeid.   hi* 
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the  last  solution,  alkalies  throw  down  a  black  precipitate  of  protoxide.  When  the 
calcination  of  the  bichloride  of  platinum,  at  420^  or  400°,  is  interrupted  before 
the  whole  of  the  chlorine  is  expelled,  the  residue  yields  to  water  a  compound  of  a 
brown  colour,  so  deep,  that  the  liquid  becomes  opaque.  Tliis,  Professor  Ma<;nus 
believes  to  be  a  combination  of  the  two  chlorides  of  platinum.  A  double  proto- 
chl*n'i*lr  of  platinum  aud  potassium y  or  Moroplatiniftf  o/  pnfassiuyny  PtCl .  KCl, 
is  obtained  on  addinpr  chloride  of  potassium  to  the  solution  of  platinous  chloride  in 
hydrochloric  acid,  and  evaporating  the  liquid.  The  salt  cry.«tallizcs  in  red  four- 
sided  prisms,  the  form  of  which  is  the  j?ame  as  that  of  a  corresponding  salt  of  palla- 
dium •  it  is  anhydrous.  A  protochloride  of  platinum  and  sodium  also  exist«i,  but 
doe.*?  not  crystallize  easily. 

Corresponding:  7>^^'^''/'ow«  iodides  and  cyanides  have  been  formed.  The  cyanide 
forms  a  numerous  class  of  double  salts,  called  pdafitioct/anides,  whose  jreneral 
formula  is  MCy.PtCy.  The  potassium  salt  is  obtained  by  heatinfr  spongy  plati- 
num with  ferrocyanide  of  potassium ;  exhaustinir  the  mass  with  hot  water  and 
cr}'stallizing;  or  by  treating  platinous  chloride  with  aqueous  cyanide  of  potassium. 
The  salt  crystallizes  in  needles  and  rhombic  prisms,  pale  yellow  by  transmitted 
lij^ht,  yellow  or  blue  by  reflected  lij^ht,  according  to  the  direction  in  which  they 
arc  viewed.  From  the  solution  of  this  salt,  the  plati no-cyanides  of  zinc,  lead, 
c:»pper,  mercury,  and  silver,  which  are  insoluble,  are  obtained  by  precipitation. 
The  sodium,  barium,  strontium,  and  calcium-salts,  which  are  soluble,  are  obtained 
by  treating  the  copper-.salt  with  caustic  soda,  baryta,  t^c. ;  and  the  magnesium  and 
aluminum-salts,  by  precipitating  the  barium-.«alt  with  sulphate  of  magnesia  or 
alumina.  The  ammonium-salt  is  prepared  like  tl9L>  potassium-salt.  Platinous 
oxide  has  also  been  united  with  several  acids,  particularly  sulphuric,  nitric,  oxalic, 
and  acetic  acids ;  but  none  of  these  salts  have  been  crystallized  except  the  oxalate. 

Bioxidv  of  platinum^  i\r oxide  of  platinum^  Plutinic  oxide,  Pt(.)2,  114*08  or 
14o3o. — By  precipitating  sulphate  of  platinum  with  nitrate  of  baryta,  nitrate  of 
platinum  is  obtained.  One  half  of  its  oxide  may  be  precipitated  by  soda,  from  the 
last  salt,  but  when  a  larger  ({uautity  of  alkali  is  added,  a  subsalt  is  thrown  down. 
The  precipitated  oxide  is  hydnited,  very  bulky,  and  exactly  resembles  sesquioxide 
of  iron  precipitated  by  ammonia.  When  heated,  it  tirst  loses  its  water,  and 
becomes  black,  then  its  oxygen,  and  leaves  metallic  platinum.  Bioxido  of  plati- 
num combines  with  acids,  and  forms  a  class  of  salts,  which  arc  either  yellow  or 
reddish-brown.  From  the  solutions  of  these  salts,  the  platinum  is  precipitated  in 
the  metallic  state  by  phffuphoi-us  and  by  most  mfta/s,  JIt/drosuiphuric  acid 
and  svlphide  of  ammonium  form  a  black  precipitate  soluble  in  a  large  excess  of 
the  latter.  In  a  solution  of  platinic  chloride,  jMJtash  or  ammonia  forms  a  yellow 
crystalline  precipitate  of  chlortiplatinate  of  potassium  or  ammonium;  so  likewise 
do  the  chlorides  of  potassium  or  atnmonium  ;  sodium-salts  form  no  precipitate.  In 
the  solution  of  platinic  nitrate  or  sulphate,  ^yo/aji/t  or  ammonia  forms  a  yellow- 
brown  precipitate;  chloride  of  potassium  or  ammonium  produces,  after  some  time, 
a  slight  yellow  precipitate  of  the  dimble  chloride.  Platinic  oxide  has  also  a  decided 
affinity  for  bases,  and  forms  in.soluble  con) pounds  with  the  alkalies,  earths,  and 
many  metallic  oxides.  It  forms  also,  like  sesquioxide  of  gold,  a  fulminating 
ammoniacal  compound,  discovered  by  Mr.  K.  Davy. 

Bisulphide  of  platinum,  PtSi,  is  formed  by  adding  a  solution  of  bichloride  of 
platinum,  drop  by  drop,  to  a  solution  of  sulphide  of  potassium.  It  is  a  dark 
Drown  and  becomes  black  by  desiccation.  When  dried  in  open  air,  a  portion  of 
its  sulphur  is  converted  into  sulphuric  acid,  by  absorption  of  oxygen,  and  the  mass 
becomes  strongly  acid. 

Bichloride  of  platinum,  PtCli,  2121  or  1G9GS,  is  obtained  by  concentrating 
the  solution  of  platinum  in  aqua-regia,  as  a  red  saline  mass,  which  becomes  brown 
when  deprived  of  its  water  of  crystallization  by  heat.  The  solution  of  this  salt 
when  pure  has  an  intense  and  unmixed  yellow  colour,  the  red  colour  which  it 
Usually  exhibits  being  due  to  iridium  or  to  protochloride  of  platinum.     Bichloride 
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of  platinum  is  soluble  in  alcohol,  and  the  solution  is  used  to  soparato  jioktsh  and 
nmnionia  in  analysis. 

Chloruh   of  platinum  and  potassium ,    Chhmjilatinate  nf  pofntfhtm,  Kfl. 
PtClj,  is  the  salt  which  falls  on  mixiu^;  chloride  of  platinum  with  chlori>lt>  of  pi«i.is- 
sium  or  any  other  salt  of  potash.     The  crA'stalline  grains  of  which  it  Ls  cmif'OM'i 
are  regular  octohedrons.     This  salt  is  soluble  to  a  certain  extent  in  wutor.  hut  is 
wholly  insoluble  in  alcohol.    It  is  anhydrous.     A  very  intense  red-heat  is  n.N|iimil 
for  its  complete  decomposition.      Chforoplatinate  of  »tjdium,  NaCl .  I'tC'lj  +  iilU), 
cryistallizes  in  beautiful  transparent  prisms  of  a  bright  yellow  colour.     It  15  **}\nV.i 
in  alcohol  as  well  as  in  water.     When  a  solution  of  this  salt  in  alcohol  L*  (ii<tillt:>l 
till  only  one-fourth  of  the  liquid  rcninins,  the  solution  yields  by  cvaprjratinn  a  <Alt 
containing  the  elements  of  ether,  and  belonging  to  a  class  of  compounds  disouvertil 
by  Professor  Zeise,  and  known  as  the  etherized  salts  of  Zeisc. 

Chloroplatinate  of  ammonium  reseniblos  the  double  salt  of  potasciiam.  W*b« 
ignited,  it  leaves  metallic  platinum  in  the  spongy  state.  Bonsdorff  has  fomiod  • 
large  class  of  compounds  of  bichloride  of  platinum  with  the  alkaline,  onrthy.  and 
metallic  chlorides,  in  all  of  which  the  salts  are  united  in  single  equivalent.*.  The 
bromides  and  iodides  of  platinum  have  likewise  been  formed,  and  clashes  of  doul!« 
8alt«  derived  from  them.  Bioxideof  platinum  has  also  been  combined  with  aciJs 
but  none  of  its  salts,  with  the  exception  of  the  oxalate,  is  obtained  in  a  cr}^ialliQe 
state. 

Bicyanide  of  platinum,  or  phitinic  cyanide,  does  not  appear  to  exist  in  tlie 
separate  state;  but  it  forms  double  salts  with  the  cyanides  of  pota^jtium  and 
ammonium ;  it  likewise  combines  with  chloride  of  potassium,  form  in  >:  the  coni- 
pound  KCl .  PtCy,. 

The  sulphocyanidcs  of  platinum  y  PtCySj,  and  Pt.(CySa)*,  likewise  form  tw 
series  of  double  salts,  viz.,  i\\Q  platino-hi»ulphocyanidcs  or  snlphor^n h opf at inif^t  ^ 
MPt(CyS,)2,  or  MCySg-fPtCyiSj,  and  the  platino-tcrsulpht^yanidfg  or  jewZ/Aj- 
c^anoplatinates  =  ^ll\{CySi\  or  MCyS2=Pt(CyS2)j.  The  i)i)tasa5ium  salts  an 
formed  by  the  action  of  sulphocyanide  of  potas.sium  on  protochloride  and  bichioR<J« 
of  platinum  respectively.  All  these  salts  arc  strongly  coloured,  cxliibitiiii'  lil 
shades  of  colour  from  light  yellow  to  deep  red.  They  are  quickly  decompj^cd  fcj 
heat  (G.  B.  Buckton).* 
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The  oxides,  chlorides,  sulphates,  &c.,  of  platinum  are  capable  of  taking  up  tin 
elements  of  1  or  2  equivalents  of  ammonia,  giving  rise  to  four  series  of  coup>aDd9^ 
whose  composition  may  be  represented  by  the  foUowing  general  formula),  in  whiek 
the  symbols  R,  R'  denote  acid  elements : 

1.  Ammonio-platinous  compounds,  or  protosalts  of  platammoniamj 

NH,PtR  =  NrilPtTR. 

2.  Biammonio-platinous  compounds,  or  protosalts  of  ammo-plataminoiuani, 

NaHjPtR  =  NH*(NlIOPrrR. 
S.  Ammonio-platinic  compounds,  or  bisalts  of  platammoniumi 

4.  Biammonio-platinic  compounds,  or  bisalta  of  ammo-platanunoDiniDi 

*  Chem.  Soo.  Qa.  J.  vii  22. 
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The  third  and  foartli  classes  of  these  compounds  may  also  be  regarded  as  proto- 
salts  of  compoand  ammoninmsi  in  which  1  eq.  of  hydrogen  is  replaced  by  PtO  or 

PtCl :  for  example,  the  bichloride  NHsPtCl^  =  NH3(PtCl)  .  CI ;  the  chloronitrate 
NAPtClNOe  =  l^i^(5?H0PtCr.  NO,. 

1.  Ammonio-platinouB  compoundsy  or  ProtoialU  of  Platammanium.  —  These 
oompounds  are  formed  by  the  action  of  heat  on  those  of  the  following  series,  half 
the  ammonia  of  the  latter  being  then  given  off.  They  are  for  the  most  part  in- 
soluble in  water,  but  dissolve  in  ammonia,  reproducing  the  biammoniacal  platinous 
oompounds ;  they  detonate  when  heated. 

Oxide,  NHsPtO  =  NHaPt .  0.  —  Obtained  by  heating  the  hydrated  oxide  of 
biammo-platimmonium  to  230^.  It  is  a  greyish  mass  which,  when  heated  to 
892^  in  a  close  vessel,  gives  off  water,  ammonia,  and  nitrogen,  and  leaves  metallio 
platinum.  Probably  the  compound,  PtgN,  is  first  produced  and  b  afterwards  re- 
solved into  nitrogen  and  platinum : 

3NH,PtO  =  PtjN  +  3110  +  2NH5. 

The  oxide,  heated  to  392°  in  contact  with  the  air,  becomes  incandescent,  and 
burns  vividly,  leaving  a  residue  of  plutinurn. 

ChloriJcy  NHjPtCl  =  NH,Pt .  CI — Of  this  compound  three  isomeric  modifica- 
tions exist :  a.  Yellow,  obtained  by  adding  hydrocliloric  acid,  or  a  soluble  chloride, 
to  a  solutiol^  of  nitrate  or  sulphate  of  plutaunnonium.  Or,  by  boiling  the  green 
modification,  y,  with  nitrate  or  sulphate  of  ammonia,  whereupon  it  dissolves  and 
forms  a  solution  which,  on  cooling,  deposits  the  yellow  salt.  Or,  by  neutralizing 
a  solution  of  platinous  chloride  in  hydrocliloric  acid  with  carbonate  of  ammonia, 
heating  the  mixture  to  the  boiling  point,  and  adding  a  quantity  of  ammonia  equal 
to  that  already  contained  in  the  liquid,  filtering  from  a  dingy  green  substance, 
which  deposits  after  a  while,  then  leaving  the  solution  to  cool,  and  decanting  tho 
BUpernatant  liquid  as  soon  as  the  yellow  suit  is  deposited.  jS.  Red. — ^If,  in  the  last 
mode  of  preparation,  the  carbonate  of  ammonia,  instead  of  being  added  at  once  in 
excess,  be  added  drop  by  drop  to  the  hydrochloric  acid  solution  of  platinous 
chloride,  the  liquid  on  cooling  deposits  small  garnet-coloured  crystals  having  the 
form  of  six-sided  tables.  This  red  modification  may  also  be  obtained  in  other 
ways  (Peyrone).*  y.  (Mtfcn.  —  This  modification,  usually  denominated  i\iQ  green 
$alt  of  Magnus,  was  the  fir^t  discovered  of  the  ammoniacal  platinum  compounds. 
It  is  obtained  by  gradually  adding  an  acid  solution  of  platinous  chloride  to  caustic 
ammonia,  or  bv  passing  sulplmrous  acid  gas  into  a  boiling  solution  of  bichloride 
of  platinum  till  it  is  completely  converted  into  protochloride  (and  therefore  no 
longer  gives  a  precipitate  with  sal-ammoniac),  and  neutralizing  the  solution  with 
ammonia ;  the  compound  is  then  deposited  in  green  needles.  The  same  modifica- 
tion of  the  salt  may  also  be  obtained  by  adding  an  acid  solution  of  platinous 
chloride  to  a  solution  of  biammonio-platinous  chloride,  N2HePtCl.  Hence  it  would 
appear  that  the   true  fonuula    of   this    green    salt  is   (NH,PtCl)a  «=  PtCl  -f 

Nllj  (  Nil  4 )  Pt .  CI,  that  of  the  yellow  or  red  modification  being  simply  NHaPtCl. 
Either  modification  of  the  salt,  when  heated  to  572°,  gives  oflF  nitrogen,  hydro- 
chloric acid,  and  sal-ammoniac,  and  leaves  a  residue  of  platinum. 

A  red  crystalline  compound  of  chloride  of  platammonium  with  chloride  of  ammo- 
aitimi  viz.  NH,PtCl  -t*  NH4CI,  is  formed  when  a  solution  of  chloride  of  ammo- 
platammonium,  containing  a  large  quantity  of  sal-ammoniac,  is  evaporated  to  the 
crystallizing  point.  Tlius,  when  a  solution  of  platinous  chloride  in  hydrochloric 
■cid  is  precipitated  by  ammonia,  and  the  green  salt  of  Magnus  thereby  formed  is 

•  Vide  TranaUtian  of  Gmelin's  Handbook,  vi.  808. 
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heated,  while  still  in  the  liquid,  with  excess  of  ammoniain,  to  ooDTert  it  into  chlo- 
ride of  ammo-platamnioDium,  the  red  compound  separates  at  a  oertun  degree  of 
concentration,  together  with  the  chloride  of  ammo-platamniouiam  (Grimm.)* 

loilUhy  NHaPtl.  — Yellow  powder,  obtained  by  ooiling  the  aqaeoos  solution  of 
the  compound  NjHePtl.  It  dissolves  in  ammonia,  and  is  thereby  reconverted  ictd 
the  latter  compound. 

Cyanide,  NllsPtCy.  —  Obtained  by  adding  hydrocyanic  acid  to  a  solntion  of 
biammonio-platinous  oxide,  cyanide  of  ammonium  being  formed  at  the  same  time 
(Reiset) : 

N.HJPtO  +  2HCy =Nn3PtCy  +  NH.Cy  +  HO. 

Also,  by  digesting  ammonio-platinous  chloride  with  cyanide  of  silver.  It  cTT<<tal- 
lizcs  in  fine  regular  needles  of  a  pale  yellow  colour,  soluble  with  tolerable  fucility 
in  water  and  ammonia.  An  isomeric  modification  of  this  compound,  CNH,PtC;)2= 
NfHgPtCy  -f  PtCy,  is  formed  by  passing  cyanogen  gas  into  a  moderately  cuuc«d- 
trated  solution  of  biammonio-platinous  oxide ;  the  cyanogen  then  decomposes  the 
water,  forming  hydrocyanic  and  cyanic  acids,  and  the  hydrocyanic  acid  act^  up*^ 
the  biammonio-platinous  oxide,  forming  the  compound  (NllsPtCy)^,  tugotbvr  irith 
ammonia  and  water : 

2(NaHePtO)  +  2HCy  =  (NlljPtCy),  +  2NH,  =  2H0. 

The  compound,  (NHsPtCy)a,  crystallizes  out  and  may  be  purified  by  recrynal- 
lization  from  water.  It  is  also  obtained  by  mixing  a  solution  of  biammonia-plati- 
nous  chloride  with  cyanide  of  potassium.  It  forms  crystals  which,  under  th« 
microscope,  appear  like  six-sided  tables  arranged  in  stellate  groups  |  it  di&soiTei 
without  decomposition  in  potash,  hydrochloric  acid,  and  dilute  sulphuric  acid,  lot 
is  decomposed  by  strong  sulphuric  and  by  nitric  acids  (Buckton).f 

The  iulphate,  NII,Pt.S04.U0,  and  the  nitrate,  NH,Pt.NOg,  are  obtained  h 
boiling  the  iodide  with  sulphate  and  nitrate  of  silver ;  they  arc  crystalline,  ttd 
have  a  strong  acid  reaction.  The  sulphate  retains  one  atom  of  water,  which  cu- 
not  be  removed  without  decomposing  the  salt. 


2.  Biammonxo-platmoxu  comjiound$,  or  Protosaltz  of  Ammo-platammonv 

Oxide,  N,H,PtO .  HO  =  NfiTtJfinJPt .  0  +  HO.  —  Obtained  by  decompose 
the  solution  of  the  sulphate  with  an  equivalent  quantity  of  baryta-water,  in 
evaporating  the  filtrate  in  vacuo;  a  cr}'stalline  mass  is  then  loft,  cootaioii^ 
NsHePtO .  HO.  The  oxide  is  not  known  in  the  anhydrous  state.  The  hydnte  ii 
strongly  alkaline  and  caustic,  like  potash,  absorbs  carbonic  acid  rapidly  fn>m  tbc 
air,  and  precipitates  oxide  of  silver  from  the  solution  of  the  nitrate.  It  is  a  stn^ 
base,  neutralizing  acids  completely,  and  expelling  ammonia  from  its  salts.  It  rnds* 
at  230°,  giving  off  water  and  ammonia,  and  leaving  the  com|>ound  NHjPtO.  to 
aqueous  solution  does  not  give  off  ammonia,  even  when  boiled. 

Chloride,  NJIePtCl  =  nC(NIIo1^.  CI.— This  compound  is  prepared  bj  Wil- 
ing protochloride  of  platinum,  or  the  green  salt  of  Magnus,  with  aqueous  ibb^ 
nia,  till  the  whole  is  dissolved,  and  evaporating  the  liquid  to  the  crystalliziDg  |NBL 
Or,  bv  passing  sulphurous  acid  gas  into  bichloride  of  platinum  till  the  soloM  ■ 
completely  decolourized,  precipitating  with  carbonate  of  soda,  dissolving  tbc  p- 
cipitate  of  sodio-platinous  sulphite  in  hydrochloric  acid,  saturating  the  ivn)u|k 
solution  of  chloride  of  sodium  and  platinous  chloride  with  ammonia,  and  dlwJvi^ 
the  nrecipitate  of  N.HePtCl  and  Nn,PtCl  in  boiling  hydrochloric  acid.  The  ft 
tered  liquor  on  cooling  deposits  NllJ'tCl,  while  the  biammoniacal  coBpff>' 
remains  in  solution  and  may  be  obtained  by  evaporation,  mixed  however,  wittii^ 
ammoniac.     It  separates  in  bulky  crystals  of  a  &int  yellow  colour,  ooDtainiag  1  ^ 

*  Ann.  Ch.  Pharm.  xeix.  96.  f  Ch«B.  Boo.  Qa.  J.iv.  M. 
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witer,  which  is  completely  given  off  at  280^.  At  482^  it  eives  off  ammonia,  atid 
leaves  NHsPtCI.  The  anhydrous  compound  rapidly  absorbs  water  fipm  tho  air. 
The  hydrato  does  not  give  off  ammonia  when  treated  with  caustic  alkalies  in  the 
cold,  and  is  but  very  slowly  decomposed  by  them,  even  with  the  aid  of  heat. 

Chloride  of  ammopiatammonium  forms  two  compounds  with  bichloride  of  pla- 
tinum. The  first,  whoso  formula  is  2(NHl(Nn^)TH .  CI)  -f  PtCl,,  is  obtained  as 
an   olivc-grccn  precipitate  on  adding  bichloride  of  platinum  to  a  solution  of 

NH^OJHOPr.  CI ;  the  second,  NI^NHOpTTcI  +  PtCla,  by  treating  the  prece- 
ding with  excess  of  bichloride  of  platinum. 

Tho  hromide  and  iodide  of  this  series  are  obtained  by  treating  the  solution  of 
the  sulphate  with  bromide  or  iodide  of  barium ;  they  ciystallizc  in  cubes. 

.  Tho  $ulphate,  NtCcNH^Pt.  SO4,  and  the  nitrate  NH^NHOR-NOe,  are  ob- 
tained by  decomposing  the  chloride  with  sulphate  or  nitrate  of  silver;  they  are 
neutml,  and  crystallize  easily. 

Carbonates,  —  The  hydrated  oxide  absorbs  carbonic  acid  rapidly  from  the  air, 

£>rming  first,  a  neutral  carbonate,  NlHC^TH^^yPt .  CO  +  HO,  and  afterwards  an 
acid  salt,  N  H^  (N  H^)    Ft .  CO,  +  CO,n. 

3.  Ammonio-platinic  compounds;  or,  Bi-salts  0/ pIatammonium.^~The  oandcj 

NHjPtOj  =  NUsPt .  Oa,  may  also  be  regarded  as  oxide  of  oxyplatammonium, 

NH3(PtO)  .0.  It  is  obtained  by  adding  ammonium  to  a  boiling  solution  of  am- 
monio-platinic nitrate;  it  is  then  precipitated  in  the  form  of  a  heavy,  yellowbh, 
crystalline  powder,  composed  of  small,  shining,  rhomboidal  prisms;  it  is  nearly 
insoluble  in  boiling  water,  and  resists  the  action  of  boiling  potash.  Heated  in  a 
close  vessel,  it  gives  off  water  and  ammonia,  and  leaves  metallic  platinum.  It  dis- 
solves readily  in  dilute  acids,  even  in  acetic  acid,  and  forms  a  large  number  of 
cnrstallizablc  salts,  both  neutral  and  acid,  having  a  yellow  colour,  and  sparingly 
soluble  in  water  (Gcrhardt).*  Another  compound  of  platinic  oxide  with  ammo- 
nia, called  fulminatififf  jflatinum,  whose  composition  has  not  been  exactly  ascer- 
tained, is  produced  by  decomposing  chloroplatinate  of  ammonium  with  aqueous 
potash.  It  is  a  straw-coloured  powder,  which  detonates  slightly  when  suddenly 
netted,  but  strongly  when  exposed  to  a  gradually  increasing  heat. 

Chloride,  NHjPtCl,  =  NHjPt.  CI,  =  NHjCPtCl) . CI.  —  Obtained  by  passing 
cblorinc  gas  into  boiling  water  in  which  the  compound  NHaPtCl  (the  yellow 
modification)  is  suspended.  This  compound  is  insoluble  in  cold  water,  and  very 
slightly  soluble  in  boiling  water,  or  in  water  containing  hydrochloric  acid,  it 
dissolves  in  ammonia  at  a  boiling  heat,  and  the  solution,  on  cooling,  deposits  a 
vellow  precipitate,  consisting  of  biammoniacal  platinic  chloride.  The  compound 
rfHsl't-Cls  dissolves  in  boiling  potash  without  evolving  ammonia.  An  isomeric 
compound, 

(NHsPtClOa  =  NjHePtCla  +  PtCl., 

is  obtained  by  passing  chlorine  into  water  in  which  Magnus's  green  salt  is  sus- 
pended. A  red  crystalline  powder  is  at  first  precipitated,  consisting  of  NiHePtCl 
+  PtClt;  but  on  continuing  the  passage  of  the  chlorine,  this  precipitate  redis- 
solvcs,  and  the  solution  yields,  by  evaporation,  the  crystalline  compound  (NHsPtClj),. 
Tho  sufphaiCj  NH^Pt.  (804)2,  is  obtained  by  dissolving  the  oxide  in  dilute  sul- 
phuric acid,  and  evaporating.  It  is  a  yellow  powder,  having  an  acid  taste,  and  is 
soluble  in  bcnling  water. 

*  Comptes  Bendus  des  Travaox  de  Chimie^  1849,  p.  278. 
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XHraies.,--  A  numonttratCf  NHJPtO,.NOi  +  3H0,  or  or^Ara/e,  NH.ll 

|^^«4.  3H0,  or  nitrate  of  oxyplatammonxum^  NIl3(I*tO).NO,  +  3nOM  ob- 
tained by  boiliDg  tbo  chloride  NII,PtClt  for  several  honrs  witli  a  dilute  solution  of 
nitrate  of  silver.     It  is  a  jellow,  crystalline  pevrdcr,  sparingly  soluble  in  cuM, 

more  soluble  in  boiling  water.  The  binitratey  NUjPt .  2X0^  4-  2H0,  is  obtained 
by  dissolving  the  mononitrate  in  nitric  acid;  it  is  yellowish,  insoluble  iu  cold 
water^  soluble  in  hot  nitric  acid. 

The  oxalate,  NllaPtOj.CaO,  +  2H0,  or  NHaPt  |  ^»^*  +  2H0,  or  XIl7?tO). 

G2O4  +  2H0|  is  formed  by  decomposing  the  nitrate  with  oxalate  of  amnioDiA.  It 
is  a  light  yellow  precipitate,  soluble  in  boiling  water,  and  detonating  when  heated. 

4.  BiammonxO'platinic  compounds,  or  Bisalts  0/ ammoplatammontnum, — ^Tbe 
oxide  of  this  scries  has  not  yet  been  isolated. 

Chloride N,n,PtCl2  =  Nll^NlIOlV^ 

by  passing  chlorine  gas  into  a  solution  of  biammonio-platiuous  chloride,  N4I«l*tCl; 
by  dissolving  ammonio-platinic  chloride,  NlljPtCli,  in  ammonia,  and  espiTiing 
the  excess  of  ammonia  by  evaporation ;  or  by  precipitating  a  solution  of  ouo  of  the 
nitrates, 

NjHePtO, .  NO5,  or  N,n,PtC10 .  NO,, 

with  hydrochloric  acid.  It  is  white,  and  dissolves  in  small  quantity  in  bi)iliD; 
wut-er,  from  which  solution  it  is  deposited  in  the  form  of  transparent,  r^-^Iir 
octohedrons,  having  a  faint  yellow  tint.  When  a  solution  of  this  fait  is  tnatcd 
with  nitrate  of  silver,  one  half  of  the  chlorine  is  very  easily  precipitated,  but  to 
remove  even  a  small  portion  of  the  remainder  requires  a  long-continued  aotiim  of 
the  silver-salt ;  a  result  easily  explained  if  the  salt  be  regarded  as  a  chloride  of 

ammo-chlorplatammoniuni,  NIIj(NIl4)(PtCl).Cl  (Grimm.)*  A  compound  hariog 
the  formula  NallsPtCI,  containing,  therefore,  1  eq.  CI  and  1  eq.  II  le:is  than  the 
preceding,  is  obtsiined  by  diissolving  chloroplatinate  of  ammonium  in  ammouia,  ud 
pi-ecipiUiting  by  alhocol ;  but  it  docs  not  crystallize,  merely  drying  up  to  a  pile 
yellow,  resinous  mass :  hence  its  composition  is  doubtful. 

titrates. — A  mononitrate,  N^HePtO^.NOj,  or  oxynitrate  of  ammoplatamiiiuninB, 

N  Hj  (N  H4)  Pt  <     ^A  or  nitrate  of  ammoxyplatammooium,  NIl2(Nll4;i(PtO;.X0y 

is  obtained  by  boiling  the  following  salt  h,  with  ammonia  :  it  is  a  white  amorplioBl 
powder,  slightly  soluble  in  cold,  more  soluble  in  boiling  water. 
S&^fiuimtrate,  2(NjIIePt02).3N05,  or 

2(  ^Mi:c2^IJpt)  .  \  ^^?;,  or  N^In^)^  1 2N0..-. 

L      ^        NH^NHOcPtNOO.) 
Formed  by  boiling  the  mononitrate  of  ammoplatammonium  with  nitric  acid.    It 
is  a  colourless,  crystalline,  detonating  salt,  slightly  soluble  in  cold  water,  iMit 
■soluble  in  boiling  water,  insoluble  in  nitric  acid  (Gerhardt). 
ChlnronitratcB,  —  a.  N.IIelHClO.NOj;  or 

N  hTcNHOpT  I  ^^«  or  NIIXN1I0(T^^  NO,.  —  This  salt  was  discovered  »J 

Gros.  It  is  obtained  by  treating  Magnus's  green  salt  with  strong  nitric  add. 
The  green  compound  first  turns  brown,  and  is  afterwards  converted  into  a  mixtiif 
of  platinum  and  a  white  powder,  which  is  dissolved  out  by  boiling  water,  li' 

*  Ann.  Ch.  Pliarm.  xdz.  77 
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eiystalliies  od  cooling  in  sliining  flattened  prisms,  colourless,  or  Having  a  pale 
jeUow  tint    The  reaction  may  be  thus  represented :  — 

2(NH,PtCl)  +  HO.NO.  =  NaH.PtCl.NOe  +  Pt  +  HCl. 

This  compound  dissolves  readily  in  water,  especially  when  heated.  The  chlorine 
and  platinum  contained  in  the  solution  cannot  be  detected  by  the  ordinary  rcagrcnts  ; 
thus,  nitrate  of  silver  and  hydrosulphuric  acid  yield  but  very  trifling  precipitates^ 
even  after  a  long  time. 

h.  4NH,.PtaC10,.2N05,  or  ^  "i^^  ^l ^^2^  [  •  2N0.. 


Piscovercd  by  Raewsky.  When  Magnus's  green  salt  is  boiled  with  a  large  excess 
of  nitric  acid,  red  fumes  arc  evolved,  and  the  resulting  solution  deposits  this  salt 
in  small,  brilliant,  needle-shaped  prisms,  which  deflagrate  when  heated,  giving  off 
water  and  chloride  off  ammonium ,  and  leaving  metallic  platinum.  Raewsky 
assigns  to  this  salt  the  formula  4NIl3J\CI05.2NOft;  but  the  formula  above  giveui 
which  is  deduced  from  Gcrhardt's  analysis,  and  contains  20  less,  is  much  mora 

Srobabic,  as  it  accords  with  the  constitution  of  the  other  compounds  of  the  series, 
'he  2  atoms  of  nitric  acid  contained  in  this  salt  may  be  replaced  by  2  atoms  of 
carbfmic  or  oxalic  acid,  yielding  sparingly  soluble  crystalline  salts  of  exactly 
simtbr  constitution.  There  is  also  a  phosphate  containing  4NHj.Pt2C10,.P05.H0, 
obtained  by  mixing  the  solution  of  the  nitrate  with  ordinary  phosphate  of  soda. 
According  to  Kaewsky,  the  mother-liquor  from  which  the  preceding  nitrate  has 
ciystallized,  contains  another  nitrate  whose  formula  is  4NII,.PtaCl204.2N06;  but 
Gerhardt  finds  this  salt  to  be  identical  with  the  nitrate  discovered  by  Gros. 


aaorosulphate,  NJIePtClSO,  =  NH,  (NU,)  (PtCl)  .  SO4.— Obtained  by  treat- 
ing  biammonio-platinic  chloride,  or  Gros's  nitrate,  with  dilute  sulphuric  acid,  or 
by  mixing  the  solution  of  the  nitrate  with  a  strong  solution  of  a  soluble  sulphate. 
It  crystallizes  in  slender  needles,  sparingly  soluble  in  cold  water,  but  dissolving 
with  tolerable  facility  in  boiling  water.  The  sulphuric  acid  in  the  solution  is  not 
precipitated  by  baryta-salts.  The  salt  is,  however,  decomposed  by  hydrochloric 
or  nitric  acid,  either  of  which  takes  the  place  of  the  sulphuric  acid;  reproducing 
the  chloride  or  nitrate  (Gros). 

Chloroxalate,  NaH,PtC10.C,0,=NIlI(NHOPt  J  ^«2pNni(NIli)(l^^ 

Oxalic  acid  or  an  alkaline  oxalate  added  to  the  solution  of  the  corresponding  sul- 
phate or  nitrate,  throws  down  this  salt  in  the  form  of  a  white  granular  precipitate^ 
iDSoluble  in  water. 

Oxalonitrates,—a.  N8ll6PtO,.N05.C,0,  = 

NHl(NHJPt:  I  ^^^«  =  NHi(NH^Xl^ 

Deposited  as  a  white  crystalline  body  from  a  solution  of  the  following  salt  &  in 
dilute  nitric  acid. 

h.    2(N.HePtO,).N05.2C.O,  «   2(NH8(NH4)Pt) .-}    NO.  « 
^ ^  (      o 

NH  rNH*WtNO  )  \  "^«^*'  —  Obtained  by  adding  oxalate  of  ammonia  to  a  sola- 
tion  of  the  sesquinitrate ;  it  is  insoluble  in  water  (Gerhardt). 

oebhabdt'b  thsort  of  the  ammomiaoal  platinum  compounds. 

These  compounds  may  be  regarded  as  salts  of  peculiar  bases  or  alkalies,  formed 
from  ammonia  by  the  substitution  of  one  or  two  atoms  of  platinum  for  hydrogen ; 
admitting,  however^  that  platinum  (like  other  metab)  may  enter  into  its  com- 
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pounds  mi\i  two  different  equivalent  weights,  viz.,  in  the  platinoiu  compoands,  u 
Flatinosum:=^dS-QS=¥t,  and  in  the  p1atin?c  compounds,  as  Plaiinicum  ^  Ai^Zi 
=  pt.  This  hcinpr  admitted,  the  ammonio-platinous  compounds  may  be  ^^prded 
as  salts  of  an  alkali,  called  Platosamtne  =  NlljPt,  fonned  from  ammonia  bv  the 
substitution  of  1  atom  of  platinosum  for  1  atom  of  hjdro«ren ;  and  the  blauinioDio- 
platinous  compounds,  as  salts  of  Dipfaiosamine  =  N,HjPt,  formed  by  the  uDiuQ 
of  two  atoms  of  ammonia  into  one,  and  the  substitutibn  therein  of  1  Pt  for  1  H : 
thus  for  the  chlorides : — 

NHjPtd  =  llydrochloratc  of  Platosamine  =  NlljPt.IICl ; 

N.TIePtCl  =  llydrochloratc  of  Diplatosamine  =  NjIIjPt.HCl; 
and  for  the  nitrates : — 

NITjPt.NOe  =  Nitrate  of  Platosamine  =  NIT-Pt.IIXO,; 

NalI,Pt.N06  =  Nitrate  of  Diplatosamine  =  N^IUPt. UNO,. 

In  a  similar  manner,  the  auiinouio-platinic  conipouiids  may  be  rccrardod  as  »Ita 
of  Flatinamine  =  NIIpt2«  and  the  biammonio-platinic  compounds  a^  salts  of  7>i- 
platinamine  =s Njllipti ;  thus — 

NlU'tClj  =  Bihydrochlorate  of  Platinamine  =  NirPt,.2Iiri. 

NjHePtCla  =  Bihydrochlorato  of  Diplatinaminc  =  NJI,j.t,.21ICl. 

Diplatinamine  forms  three  kinds  of  salts,  viz.,  mono-acid,  sosqui-acid,  and  bl- 
acid  salts ;  and,  moreover,  exhibits  a  peculiar  tendency  to  form  duuble  salts  c^ia- 
taining  two  acids :  thus,  the  salts  discovered  by  Gros  may  be  roirardod  us  bi-aciJ 
salts,  and  those  discovered  by  Kacwsky,  as  sesqui-aoid  salt;}  of  diplatiuamint-  coo- 
taining  hydrochloric  to«rothcr  with  another  acid  ;  thus : — 

Mononitrate  =  N^IIePtOaNO,  ==  NJI,pt,.IlNOe  -f  HO. 

Sosquinitrate  =  2(N4lIePtO,).3N03=  2N,H,i)t,.3HNO,  +  IIO. 

('otTorte)  }  =  NJI.l>tC10.N0.  =  N  Il.pt..  {  ^^ 

^SyZ^  }  =  NJI.l>,C10..2NO.=2N.H,p,.  { IJi^.^^  +  HO. 

Oxalonitrate  =  N,H,PtO,.N05.CA  =  N,H,pt,.  |  y'"^* 
Sesqui-oxalonitrate  =  2(N2lI  JHO,).N05.2CA  = 

2N,IIj»t,.|-^5Soe  +  ^^- 


ESTIMATION  AND  SEPARATION  OF  PLATINUM. 

For  quantitative  estimation,  platinum  is  usually  precipitated  from  its  sohtiiwi 
in  the  form  of  chloroplatinate  of  ammonium.  The  acid  solution  of  platioaD, 
after  sufficient  concentration,  is  mixed  with  a  very  strong  solution  of  sal-imsi^ 
niac,  and  a  sufficient  quantity  of  strong  alcohol  added  to  render  the  pn^oipiutioo 
complete.  The  precipitate  of  chloroplatinate  of  ammonium  is  then  washed  with 
alcohol,  to  which  a  small  quantity  of  sal-ammoniac  has  been  added,  aud  tbes 
heated  to  redness  in  a  weighed  porcelain  crucible,  whereupon  it  is  deoompiiaied  ifii 
leaves  metallic  platinum.  Great  care  must,  however,  be  taken  in  the  i^^nitioa  u 
prevent  loss,  as  the  evolved  vapours  are  very  apt  to  carry  away  small  particks  of 
the  salt  and  of  the  reduced  metal.  The  best  mode  of  avoiding  this  source  cf 
error  is  to  place  the  precipitate  in  the  crucible  enclosed  in  thrjifter,  and  cipoceil 
for  some  time  to  a  moderate  heat,  with  the  cover  on  the  crucible,  till  the  filler  ii 
charred,  and  then  to  a  somewhat  higher  temperature  to  expel  the  chloriDf  nl 
chloride  of  ammonium.  The  crucible  is  then  partially  opened,  god  the  carfacB^ 
ceous  matter  of  the  filter  burnt  away  in  the  usual  manner.  When  these  pnea>- 
tions  are  duly  observed,  not  a  particle  of  platinum  is  lost.  Instead  of  igaiBBf  I 
the  precipitate  and  weighing  the  platinum,  the  precipitate  is  sometimes  ooibM  I 
on  a  weighed  filter,  dried  over  the  water-bath  and  weighed;  but  this  astbsd  ■  J 
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less  accurate,  because  the  precipitate  always  contains  an  excess  of  sal-ammoniao 
(H.  Rose). 

Chloride  of  potassium  may  also  be  used  instead  of  chlonde  of  ammonium  to 
precipitate  platinum,  the  concentrated  solution  of  the  platinum  being  previously 
mixed  with  a  sufficient  quantity  of  strong  alcohol  to  bring  the  percentage  of  alco- 
hol in  the  liquid  to  between  GO  and  70  per  cent.  The  precipitated  chloroplatinate 
of  potassium  is  then  washed  with  alcohol  of  60  to  70  per  cent,  and  decomposed 
by  simple  ignition  in  a  porcelain  crucible,  if  its  quantity  is  small,  or  in  an  atmo- 
sphere of  hydrogen  if  its  quantity  is  larger;  the  chloride  of  potassium  washed 
out  by  water ;  and  the  platinum  dried,  ignited,  and  weighed. 

Potash  and  ammonia  may  also  be  estimated  by  precipitating  their  solutions  with 
chloride  of  platinum,  and  treating  the  precipitates  in  the  manner  just  described. 
Every  100  parts  of  platinum  correspond  to  47*83  parts  of  potash,  and  17*25  parts 
of  ammonia. 

The  same  methods  of  precipitation  serve  also  for  the  separation  of  platinum 
from  rao!?t  of  the  preceding  uictals.  To  separate  platinum  from  tilver,  when  the 
two  metals  are  combined  in  an  alloy,  the  best  method  is  to  heat  the  alloy  with  pure 
and  strong  sulphuric  acid,  diluted  with  about  half  its  weight  of  water,  till  the  sul- 
phuric acid  begins  to  escape  in  dense  fumes.  The  silver  is  thereby  converted  into 
sulphate,  and  the  platinum  remains  behind  in  the  metallic  state.  The  sulphate 
of  silver  is  dissolved  by  a  large  quantity  of  hot  water,  the  platinum  washed  with 
hot  water,  and  again  treated  with  sulphuric  acid,  to  separate  the  last  traces  of 
silver. 

SECTION    II. 

PALLADIUM. 

Eq,  53*36  <>r  665*9;  Pd. 

This  metal  was  discovered  in  1803  by  Dr.  Wollaston.  It  is  precipitated  by 
cyanide  of  mercury  from  the  solution  of  the  ore  of  platinum,  after  the  removal 
of  that  metal  by  sal-ammoniac,  and  is  gradually  deposited  as  a  yellowish  white 
flocculent  powder,  which  is  cyanide  of  palladium,  and  yields  the  metal  when  cal- 
cined. Palladium  likewise  occurs,  associated  with  a  larger  quantity  of  gold  and 
a  small  quantity  of  silver,  in  a  peculiar  gold-ore  from  Brazil,  called  oropudre. 
This  mineral,  which  contains  10  per  cent,  of  palladium,  and  is  the  chief  source 
of  that  metal,  is  dissolved  in  aqua-regia,  the  acid  solution  saturated  with  potash| 
and  the  palladium  precipitated  by  cyanide  of  mercury. 

In  external  characters,  palladium  closely  resembles  platinum.  It  is  nearly  as 
infusible,  but  can  more  easily  be  welded.  The  density  of  the  fused  metal  is  11-3; 
after  being  laminated,  11*8.  At  a  certain  temperature,  the  surface  of  palladium 
tarnishes  and  becomes  blue  from  oxidation,  but  at  a  stronger  heat  the  oxide  is  re- 
duced. Palladium  is  very  slightly  attacked  by  boiling  and  concentrated  hydro- 
chloric and  sulphuric  acids.  It  dissolves  in  nitric  acid,  communicating  a  brownish 
red  colour  to  the  acid,  while  no  gas  is  evolved  if  the  temperature  is  low,  the  nitrio 
acid  being  converted  into  nitrous  acid.  Palladium  dissolves  with  facility  in  aqua- 
regia ;  its  surface  is  blackened  by  tincture  of  iodine,  which  has  no  effect  upon 
platinum. 

Palladium  is  sometimes  used  for  making  the  divided  scales  of  astronomical  in- 
struments; being  nearly  as  white  as  silver,  and  not  blackened  by  sulphurous 
emanations,  it  is  well  adapted  for  that  purpose.  An  alloy  of  palladium  with 
1-lOth  of  its  weight  of  silver  is  used  by  dentists. 

Palladium  has  a  much  greater  affinity  for  oxygen  than  platinum.  It  forms  two 
oxides,  the  protoxide  PdO,  and  the  hioxide  PdOg. 

Proioxide  o/ pailadium,  Falladom  oxide,  PdO,  61-27  or  765*9.— This  oxide 
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is  obtained  by  dissolving  palladium  in  nitric  acid|  evaporating  the  solution  to  drr- 
ness,  and  calcining  the  nitrate  at  a  gentle  heat.  It  forma  a  black  mass,  which 
dissolves  with  difficulty  in  acids.  \Vhen  carbonate  of  potash  or  aoda  is  added  in 
excess  to  a  palladous  salt,  the  hydrated  protoxide  precipitates  of  a  very  dark  brown 
colour.  This  oxide  is  easily  deprived  of  its  water  by  heatj  but  a  violent  calcina- 
tion is  necessary  to  reduce  it  to  the  metallic  state. 

The  palladous  salts  are  for  the  most  part  brown  or  red ;  their  taste  i«  astringent, 
but  not  metallic.     When  ignited  alone,  or  when  gently  heated  in  hydroiren  ^, 
they  yield  metallic  palladium.     The  metal  is  precipitated  from  the  solutions  of 
palladous  salts  by  ])ho8phoru8f  by  sulphurous  acid,  by  nitrate  o/  potaflt,  by  all 
the  metals  which  reduce  silver,  hj  /ormiatc  of  potashy  and  by  alcohol  at  a  U'iling 
heat.     Jli^drosulphuric  acid  and  hydrosulphate   of  ammonia    throw  down   the 
brown  sulphide  of  palladium,  insoluble  in  the  latter  reagent.    Ilt^driofUc  acid  and 
iodide  of  potassium  throw  down  a  black  precipitate  of  iodide  of  puiladiuni.  visiLlc 
even  to  the  500,000th  degree  of  dilution.     This  reaction  serves  for  the  sopanti-.-n 
of  iodine  from  bromine ;  for  alkaline  bromides  do  not  precipitate  palladous  salts. 
potash  or  soda  forms  a  brown  precipitate  of  a  basic  salt,  sitluble,  with  the  aid  of 
heat,  in  excess  of  the  reagent.     Ammonia  produces  no  precipitate  in  a  solution 
of  palladous  nitrate ;  but  from  a  solution  of  the  chloride  it  throws  down  a  flesh- 
coloured   precipitate   of  ammonio-chloride  of  palladium,  soluble   in   excels  d 
ammonia.     The  carbonates  of  2^^of^h  and  soda   fonn   a  brown  precipitate  cf 
hydrated  palladous  oxide.     Carbonate  of  ammonia  acts  like  ammonia.     Ph'^^itJiat* 
of  soda  forms  a  brown  precipitate.     Ferrocf/anidc  auil  frriri/anide  €»f  pf'tM^lnm 
form  no  precipitates,  but  the  li(|uid  after  a  while  coajrulatcs  into  a  jolly.    Cyinhk 
of  mercury  throws  down  a  white  precipitate  of  cyanide  of  palladium.     Pn^bMo* 
Tide  of  tin  forms  a  black  precipitate,  which  dissolves  with  intense  green  colour  ia 
hydrochloric  acid.     Protosu/phatr  of  iron  precipitates  palladium  slowly  from  the 
nitrate,  but  not  from  the  chloride.     The  reactions  of  palladium  with  hydrusnl- 
,  phuric  acid,  cyanide  of  mercury,  and  iodide  of  potassium  taken  together,  serve  to 
distinguish  it  from  all  other  metals. 

Protosulphide  of  palladium,  TdS,  is  obtained  by  precipitating  a  palladonf 
salt  by  hydrosulphuric  acid,  and  is  of  a  dark  brown  colour;  it  may  also  be  pre- 
pared by  the  direct  union  of  its  elements. 

Protochloride  of  j)alladium^  PdCl,  is  prepared  by  dis.««olving  palladium  ia 
hydrochloric  acid,  to  which  a  little  nitric  acid  is  added,  and  evaporating  the  ela- 
tion to  dryness,  to  expel  the  excess  of  acid.  The  compound  is  a  mass  of  a  da^ 
brown  colour,  which  becomes  black  when  made  anhydrous  bv  heat,  and  may  l<e 
fused  in  a  glass  vessel.  When  heated  in  platinum  vessels,  it  becomes  contami- 
nated with  the  protochloride  of  that  metal.  When  dissolved  with  chlorides  of 
potassium^  it  forms  a  double  salt^  KCl.PdOl,  which  b  soluble  in  cold,  and  c^^nsi- 
derably  more  so  in  hot  water,  and  crystallizes  in  four-sided  prisms,  of  a  dull  yellow 
colour.  Protochloride  of  palladium  also  combines  with  chloride  of  ammoninn 
and  chloride  of  sodium,  according  to  Bonsdorff,  and  forms  double  salts  with  moKt 
other  chlorides. 

Protocyanide  of  palladium^  PdCy,  is  always  formed  when  cyanide  of  mercmv 
is  added  to  a  neutral  solution  of  palladium,  as  a  light-coloured  precipitate,  wkieb 
becomes  grey  after  drying.  When  the  solution  of  palladium  is  acid,  no  prccipitatf 
is  formed,  and  when  the  solution  contains  copper,  the  precipitate  has  a  greo 
colour.  Palladium  appears  to  have  a  greater  affinitv  for  cyanogen  than  any  other 
metal.  Even  cyanide  of  mercury  is  decomposed  when  boiled  with  protoxide  of 
palbdium,  and  cyanide  of  palladium  formed.  When  this  cyanide  ia  dissolved  a 
ammonia,  and  the  excess  of  the  latter  allowed  to  escape  by  evaporation,  a  prcci* 
pitatc  of  brilliant,  colourless^  crystalline  plates  is  formed^  which  appears  to  cuBflrt 
of  ammoniacal  cyanide  of  palladium. 

Nitrate  of  palladium,  PdCNO^,  is  formed  by  disfolviag  the  metal  in  aitno 
acid;  the  solution  dries  up  into  a  dark  red  odine  maai.     When  an  eieoi  d 
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ammonia  is  added  to  an  acid  solution  of  this  salt,  and  the  solution  evaporated  by 
a  gentle  heat,  a  colourless  nitrate  of  palladium  and  ammonium  is  deposited  in  rcc- 
tanc^ilar  tables. 

Bioxide  of  palladium j  Peroxide  of  palladiuin^  PaUadic  oxide,  PdOj,  69*27 
or  865*9. — To  prepare  this  oxide,  Berzelius  recommends  a  solution  of  the  hydrate 
or  carbonate  of  potash  to  be  added  by  small  quantities  at  a  time,  to  the  dry  bichlo- 
ride of  palladium  and  potassium,  mixing  well  after  each  addition.  A  yellowish 
brown  powder  separates,  which  is  the  hydratcd  bioxide,  retaining  a  little  alkali. 
Washed  with  boiling  water,  it  loses  the  greater  part  of  its  combined  water,  and 
becomes  black.  This  oxide  dissolves  with  difficulty  in  acids ;  the  solutions  aro 
yellow.     The  corresponding  bisulphide  of  palladium  has  not  been  formed. 

Bichloride  ofpaUadium,  PdClj,  is  obtained  in  solution,  when  the  protochloride 
is  dissolved  in  concentrated  aqua>regia,  and  the  solution  only  slightly  heated.  Its 
solution  is  of  so  dark  a  brown  as  to  appear  black,  and  gives  a  nni  precipitate 
with  chloride  of  potassium.  When  the  solution  is  diluted  or  heated,  chlorine  gas 
is  evolved,  and  protochloride  of  palladium  reproduced.  The  double  salt  of  this 
cbloridc  and  chloride  of  potassium  is  obtained  by  treating  the  double  protochloride 
of  pallndinm  and  potassium  in  fine  powder  with  nqua-regia,  and  evaporating  the 
supernatant  fluid  to  dryness.  It  forms  a  cinnabar  red  powder,  in  which  little 
octohodral  crystals  can  be  perceived,  both  the  palladio  and  palladous  double 
chlorides  being  isomorphous  with  the  corresponding  compounds  of  platinum. 
When  treated  with  hot  water,  this  double  salt  emits  chlorine,  and  is  in  a  great 
measure  decomposed.     The  salts  of  bioxide  of  palladium  are  scarcely  known. 

Ammoniacal  compounds  of  j>alladium. — ^A  moderately  concentrated  solution 
of  protochloride  of  palladium  treated  with  a  slight  excess  of  ammonia,  yields  a 
beautiful  flesh-coloured  or  rose-coloured  precipitate,  consisting  of  NHjPdCl.  This 
precipitate  dissolves  in  a  larger  excess  of  ammonia ;  and  the  ammoniacal  solutioni 
when  treated  with  acids,  yields  a  yellow  precipitate  having  the  same  composition. 
This  yellow  modification  is  likewise  obtained  by  heating  the  red  compound  in  the 
xnoist  state  to  212°,  or  in  the  dry  state  to  392°.  The  yellow  compound  dissolves 
abundantly  in  aqueous  potash,  forming  a  yellow  solution,  but  without  giving  off 
ammonia,  even  when  the  liquid  is  heated  to  the  boiling  point ;  the  red  compound 
behaves  in  a  similar  manner,  but,  before  dissolving,  is  converted  into  the  yellow 
modification.  For  this  reason,  Hugo  ^lilller,  who  has  lately  made  the  ammoniacal 
compounds  of  palladium  the  subject  of  an  elaborate  examination,  re^ds  the  red 
compound  as  ammonio-palladous  chloride,  Nllj.PdCl,  and  the  yellow,  as  chloride 

of  pallad ammonium f  NHjPd.Cl.  The  yellow  compound,  digested  with  water 
and  oxide  of  silver,  yields  the  oxide  of  palladammonium  (or  palladamiue), 
NHjPd.O.  This  compound  is  a  strong  base,  analogous  to  oxide  of  platammonium 
(p.  614).  It  is  soluble  in  water,  to  which  it  communicates  a  strong  alkaline  taste 
and  reaction ;  by  evaporating  the  solution  in  vacuo,  the  base  is  obtained  in  the 
form  of  a  crystalline  mass,  which  absorbs  carbonic  acid  rapidly  from  the  airy 
especially  when  moist.  It  unites  with  acids,  forming  definite  salts.  Its  solution 
precipitates  the  salts  of  silver  and  copper,  and  an  excess  of  it  does  not  redissolve 

the  precipitates.  Sulphite  of  palladammonium^  NHaPd .  SO9,  is  formed  by 
saturating  the  solution  of  the  oxide  with  sulphurous  acid,  or  by  the  action  of  that 
aoid  on  the  yellow  chlorine-compound :  it  crystallizes  in  orange-yellow  octohedrons. 

The  sulphate,  NH,Pd .  SO4,  crystallizes  in  a  similar  manner.  The  nitrate,  iodide, 
and  bromide  have  also  been  formed.  The  fluoride  is  obtained  by  adding  the 
cMoride  to  a  solution  of  fluoride  of  silver. 

Chloride  of  ammopalladammonium  (or  cJUoridc  of  palladdxamine^  according 
to  Miiller), 

2NH, .  PdCl  =  NliTcNHOPd .  CI, 
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supnrntcR  from  the  amnioniacal  solation  of  chloride  of  palladammoniani,  in  colotir- 
less,  oblique  rhombic  prisms,  which  at  392**  give  off  half  their  ammoDia  and  are 
reduced  to  NllaPd.Cl.  The  iodide  and  bromide  of  ammopalladammoniaoi  are 
likewise  obtained  by  treating  the  solutions  of  iodide  and  bromide  of  palladium  or 
palladammonium  with  ammonia.  They  both  crystallize  readily.  The  /uon'J*  'u 
obtained  by  adding  ammonia  to  the  solution  of  chloride  of  palladamnuiniuiit  ia 
fluoride  of  silver,  and  evaporating :  it  forms  oblique  rhombic  prisms.  The  >/'i"«t)- 
flxioride  is  obtained  in  crystalline  scales  on  adding  hydrofluosilicic  acid  to  anj 
soluble    salt    of    ammopalladammonium.        Oxide    of  ammopaUadammt;u\Lm^ 

4 " S 

NHjPd .  0. — By  decomposing  the  solution  of  the  chloride  with  oxide  of  silver.— 
or  better,  the  sulphate  with  hydrate  of  baryta,  a  strongly  alkaline  soluii«>u  i-*  «.b- 
taincd,  which,  on  evaporation,  leaves  the  hydrated  oxide  in  the  form  of  a  criMil- 
linc  mass,  though  not  quite  pure.  The  solution  precipitates  the  .«a]ts  of  aluniii.ium, 
iron,  cobalt,  nickel,  and  copper,  but  not  those  of  silver;  expels  ammonia  fr.'tu 
chloride  of  ammonium,  on  boiling;  and  absorbs  carbonic  acid  from  the  air.  The 
carbonate  obtained  in  this  manner,  or  by  decomposing  the  chloride  with  cjrl.ir.  il« 
of  silver,  or  the  sulphate  with  carbonate  of  baryta,  crystallizes  in  shining.  c«v'ur- 
less  prisms,  which  turn  yellow  a  little  above  212°;  the  8olution  is  strungly  iilka- 
line,  and  gives  copious  precipitates  with  salts  of  lime,  baryta,  copper,  and  silver. 

The  stdjihile,  NH7t^Tir)Pd .  SOj,  obtained  by  direct  combination,  or  by  tie  »c- 
tion  of  ammonia  on  sulphite  of  palladammonium,  forms  small  prismatic  erj^tais 
sparingly  soluble  in  water,  insoluble  in  alcohol,  and  turning  yellow  at  alr>ut  •>'*!' ^ 
The  sulphate  obtained  by  treating  palladous  sulphate  with  cxce.<«s  of  acniionii, 
forms  small  colourless  prisms,  easily  soluble  in  water,  but  iosuluble  in  ulojliul 
(Hugo  Miiller).* 

ESTIMATION   AND  SEPARATION   OF  PALLADIUM. 

Palladium  is  always  estimated  in  the  metallic  state.  It  is  precipitated  fru?!i  ia 
solutions  in  the  form  of  cyanide  by  means  of  a  solution  of  cjnnidc  of  mon-un-.  the 
liquid  not  containing  any  excess  of  acid.  The  precipitated  cyanide  of  pallidiuu 
is  then  reduced  to  the  metallic  state  by  calcination. 

Palladium  may  be  separated  from  nearly  all  other  metals  either  by  prccipitatioa 
as  cyanide,  or  by  precipitation  with  hydrosulphurie  acid,  or  by  tho  solubility  uf  in 
oxide  in  ammonia.  But  to  separate  it  from  copper,  with  which  it  is  asso^-iatod  is 
platinum  ore,  the  two  metals  are  precipitated  together  by  hydrusulphuric  acid.  »1 
the  precipitiite,  while  still  moist,  roasted,  together  with  the  filter,  as  1od;i  a«  sol- 
phurous  acid  continues  to  escape.  The  metals  are  thereby  converted  into  ba>ic 
sulphates,  which  must  be  dissolved  in  hydrochloric  acid,  the  solution  uiixod  «it& 
nitric  acid  and  chloride  of  potassium,  and  evaporated  to  diyne:«s.  A  dark  :<il:ae 
mass  b  thus  obtained,  consisting  of  chloride  of  pota!«siuin,  chloride  of  copper  stid 
potassium,  and  chloride  of  palladium  and  potassium;  and  on  treating:  ihn  aaM 
with  alcohol  of  sp.  gr.  0-833,  the  two  former  salts  arc  dissolved,  and  the  doaU« 
chloride  of  palladium  and  potassium  remains. 
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IRIDIUM. 

£^.9808  or  12330 ;  Ir. 

The  black  scales  which  remain  when  native  platinum  i.s  dissolved  in  aqTXi-reciii 
were  discovered  by  Mr.  Smithson  Tennant  to  contain  iridium  and  osminu.f    Tbi 

*  Ann.  Ch.  Pharm.  Ixxxvi.  841.  f  PhiL  Trass.  1804. 
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same  alloy  occurs  in  flat  white  metallic  grains  in  native  platinum.  Iridium  has 
also  been  observed  in  combination  with  about  20  per  cent,  of  platinum,  crystallized 
in  octohcdrons,  which  are  whiter  than  platinum^  and  are  said  to  have  a  greater 
density,  namely  22*66. 

The  separation  of  the  osmium  and  iridium  is  effected  by  the  followinj;  methods  : 
—  1.  The  osmide  of  iridium  is  mixed  with  an  equal  weight  of  common  salt,  and 
subjected  to  the  action  of  a  stream  of  chlorine  in  a  porcelain  tube  heated  to  red- 
nciis.  Double  chlorides  of  iridium  and  sodium,  and  of  osmium  and  sodium,  arc 
then  formed ;  and  if  the  chlorine  is  moist,  a  certain  quantity  of  osmic  acid,  which 
volatilizes,  and  may  be  condensed  in  aqueous  ammonia.  The  mixture  of  the 
doublo  chlorides  is  detached  from  the  tube  and  boiled  with  nitric  acid.  Osmio 
acid  is  then  evolved,  and  may  be  condensed  in  an  alkaline  solution,  while  the 
chloride  of  sodium  and  iridium  remains  in  the  solution,  and,  when  mixed  with 
6al-:iminoniae,  yields  a  precipitate  of  chloride  of  iridium  and  ammonium,  which; 
on  ignition,  leaves  pure  metallic  iridium  (Wohler). — 2.  A  mixture  of  100  grammes 
of  osmide  of  indium  and  ^JOO  grammes  of  nitre  is  placed  in  an  earthen  crucibl0| 
and  heated  to  bright  redness  for  an  hour,  the  resulting  mixture  of  osmiate  and 
iridiate  of  potash  poured  out  on  a  cold  metal  plate,  then  introduced  into  a  tubu- 
lated retort,  and  distilled  with  a  large  excess  of  nitric  acid.  A  large  quantity  of 
osmic  acid  then  volatilizes  and  condenses  in  the  receiver  in  beautiful  white  crys- 
tals. As  soon  as  the  evolution  of  osmic  acid  ceases,  water  is  added,  and  the  resi- 
due, consisting  of  oxide  of  iridium,  with  a  certain  quantity  of  oxide  of  osmium,  is 
collected  on  a  filter  and  boiled  with  aqua-rcgia,  which  dissolves  the  two  metals  as 
chlorides.  The  solution  is  then  mixed  with  sal-ammoniac,  which  precipitates 
chloride  of  osmium  and  ammonium,  and  bichloride  of  iridium  and  ammonium ; 
and  the  mixed  precipitate  suspended  in  water  and  expased  to  a  current  of  sulphu- 
rous acid,  whereby  the  compound  IrCl2.Nn4Cl,  is  converted  into  IrCl.NIi^Cl, 
which  dissolves,  while  the  chloride  of  osmium  and  ammonium  remains  unaltered 
and  does  not  dissolve :  this  latter  chloride  yields  pure  metallic  osmium  by  calci- 
nation. The  solution  of  protochloride  of  iridium  and  ammonium  leaves,  when 
evaporated,  beautiful  brown  crystJils,  which  yield  metallic  iridium,  by  calcination. 

Iridium  is  obtained  immediately  from  the  chloride,  by  decomposing  that  salt 
with  hydrogen  at  a  gentle  heat,  or  by  exposing  it  alone  to  a  very  high  temperature, 
in  the  form  of  a  grey  metallic  powder,  much  resembling  spongy  platinum ;  also, 
as  above  described,  from  the  chloride  of  iridium  and  ammonium.  It  is  one  of  the 
most  refractory  bodies  known,  not  being  fused  by  the  oxyhydrogen  blowpipe.  Mr. 
Children,  however,  succeeded  in  fusing  a  portion  of  iridium  into  a  globule,  by  the 
discharge  of  a  very  large  voltaic  battery.  This  globule  was  white  and  very  bril- 
liant, but  still  a  little  porous;  its  density  was  1808.  Iridium  is  neither  ductile 
nor  malleable ;  but  it  may  be  obtiiined  in  the  form  of  a  compact  mass,  very  hard, 
and  capable  of  taking  a  good  polish,  by  moistening  the  pulverulent  metal  with  a 
small  quantity  of  water,  compressing  it  lightly  at  first  with  filtering  paper,  after- 
wards very  forcibly  in  a  press,  and  calcining  it  at  a  strong  white  heat  in  a  forgo 
fire.  The  metal  thus  aggregated  is  very  porous,  and  its  density  does  not  exceed 
IGO.  Iridium  becomes  white  and  brilliant  by  strong  ignition,  without  fusion, 
and  is  afterwards  insoluble  in  acids.  If  reduced  by  hydrogen  at  a  low  tempera- 
ture, it  oxidates  slowly  when  heated  to  redness,  or  when  digested  in  aqua-regia. 
This  metal  is  generally  rendered  soluble  by  one  or  other  of  the  following  opera- 
tions. It  is  calcined  with  hydrate  of  potash  or  nitre,  or  with  a  mixture  of  these 
salts,  which  gives  a  compound  of  ses(juioxide  of  iridium  and  potassium.  Or,  the 
metal  is  reduced  to  a  fine  powder,  and  intimately  mixed  with  an  equal  weight  of 
chloride  of  potassium  or  sodium,  and  the  mixture  heated  to  low  redness  in  a  stream 
of  chlorine  gas.  The  metal  then  combines  with  chlorine,  and  the  double  chloride 
of  iridium  and  potassium  or  sodium  is  formed,  which  is  soluble  in  water. 

Oxides  iif  iriilium.  —  Iridium  forms  four  compounds  with  oxygen,  which  are 
obtained  by  decomposing  the  corresponding  chlorides.     The  j^rotoxide  of  itidium^ 
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IrO,  is  obtained  from  the  chloride  produced  when  iridiani  is  heated  id  cWorine 
caa ;  also  by  precipitating  the  double  chloride  of  iridium  and  potasc^ium  (^K('l.irri) 
with  carbonate  of  potash.     The  hydrate  is  then  obtained  of  a  jjreenish  «:roy  cu.-.ut, 
which  is  B«)lublc  in  an  excess  of  the  alkaline  carbonate.     This  oxide  is  ibe  b\*€ 
of  a  class  of  salts.     The  sesquioxidc  of  triiUum^  1^,0,,  is  formed  when  ibo  ni-.-tal 
is  calcined  with  hydrate  of  potash  or  nitre.     Borzelius  recoin mends  ^»  ihe  bf#i 
process  for  procuring  it,  to  nkix  the  double  bichloride  of  iridiuuj  and  p'^ia^iuiu 
(KCl  -f  IrCli)  with  twice  its  weight  of  carbonate  of  potaj>h,  and  expose  it  to  \ 
low  red  heat.     On  dissolving  out  the  alkaline  salt,  the  ses<]uioxide  remains  x«  \ 
very  tine  powder,  of  a  black  colour  with  a  shade  of  blue.     A  heat  above  the  melt- 
ing point  of  silver  is  rccjuired  to  expel  the  oxygen  from  this  oxide.     It  i«  n^iuccd 
to  the  niet4illic  state  by  hydrogen  gas  at  the  usual  temperature,  an  effect  which  ap- 
pears to  arise  from  the  oxide  of  iridium  having  the  property,  as  well  as  the  mctj, 
to  determine  the  oxidation  of  hydrogen,  a  reaction  which  causes  the  oxide  to  be 
heated  to  the  temperature  at  which  it  is  itself  reduced  by  hydrogen.    The  hyilraia 
of  this  oxide  dissolves  in  acids  and  forms  a  particular  class  of  salts,  the  sulutijos 
of  which  are  sometimes  of  a  very  dark  colour,  resembling  a  mixture  of  watc-r  aod 
venous  blood. 

Biuxitfe  of  iridium,  or  TriJir  oxide,  IrOj. — A  solution  of  sesquiehloriJo  of 
iridium  mixed  with  potash  yields  no  precipitate  at  first;  but  if  the  lijuiJ  b« 
heated  out  of  contact  with  the  air,  it  (juickly  assumes  an  indigo  colour,  al^rbi 
oxygen  from  the  air,  and  deposits  hydrated  iridic  oxide,  IrOi.-lIO,  which  niaj  bt 
rendered  anhydrous  by  calcination.  This  oxide  is  likewise  obtiined  by  diss^-lv.c* 
the  hydrated  sesquioxide  in  potash,  and  treating  the  solution  with  an  acid.  A 
greenish-blue  precipitate  is  then  formed,  which  gradually  absorbs  oxygen  from  the 
air,  and  assumes  an  indigo  colour  (Claus).  This  oxide  forms  salts  whose  ^olutiou 
are  of  a  dark,  brown-red  colour  and  almost  opaque  when  concentrated,  but  n^idi^h* 
yellow  when  dilute.  Hijdrosulpliuric  acid  decolorizes  the  solutions  at  fiM,  asd 
afterwards  forms  a  brown  precipitate;  Ju/droaxdphat**.  of  am  mono  a  No  form?  » 
brown  precipitate.  PutatJi  and  (imjnunia  decoluurize  the  solution,  and  produce  only 
a  slight  black  precipitate ;  but  the  liquid,  on  exposure  to  the  air,  soon  ae<]uire4  « 
very  fine  blue  colour.  Carhonafe  of  pttash  forms  a  red-brown  precipitate,  wLich 
gradually  dissolves,  the  liquid  afterwards  turning  blue  when  exptjsed  to  the  air. 
Carbonate  of  ammonia  imparts  a  blue  colour  to  the  liquid  under  the  influence  of 
the  air.  Chloride,  of  ammonium  forms  a  dark,  cherry-red  pulverulent  prccipiiali 
of  bichloride  of  iridium  and  ammonium.  Ferrocyanidc  of  pota**inm  and  yr^y 
sulphate  of  iron  decolourize  the  solution.  ProtoMoride  of  tin  forms  a  light  bw«» 
precipitate.     Zine  precipitates  metallic  iridium  as  a  black  powder. 

Tcroxide  of  iridium,  IrOj,  is  f«)rmed  in  small  (quantity  when  the  alloy  d 
osmium  and  iridium  fused  in  nitre  is  digested  in  aqua-regia.  The  double  terchl^>riii 
of  iridium  and  potassium  then  formed  yields  a  rose-red  solution,  which,  wbea 
treated  with  an  alkali,  slowly  deposits  the  tcroxide  as  a  green ish-yelluw  prcxMpitatt^ 
retaining,  however,  a  certain  quantity  of  the  alkali.  The  palts  of  the  prv.ttoxidi 
and  tcroxide  afford  blue  and  purple  solutions  when  mixed,  depending  pntbablroi 
the  formation  of  one  or  more  combinations  of  these  oxides.  The  name  in&a 
(from  Iris)  was  applied  to  this  metal,  from  the  variety  of  colours  which  iti  pc^ 
parations  exhibit. 

Sulphidat  of  iridium,  corresponding  with  the  oxides  of  tho  same  metal,  hut 
been  formed. 

Chhridrs  of  iridium The  protochloride,  IrCl,  is  formed  when  iridina  il 

powder  is  heated  to  low  redness  in  chlorine  gas.  As  thus  prepaK»d,  it  b  insJiibk 
in  water,  but  slightly  soluble  in  hydrochloric  acid.  It  forms  double  salts  with  thi 
chlorides  of  potassium,  ammonium,  and  sodium. 

The  spsquichlorid*',  Ir^Cla,  is  prepared  by  dissolving  the  sesquioxide  in  hjdi» 
chloric  acid.  It  is  black,  deliquescent,  and  does  not  crystallize.  It  fonns  MiUi 
double  chlorides,  which  arc  decomposed  by  ebullition  into  iridous  double  chknki 
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(oontaining  IrCl),  Tfbich  remain  in  solution,  and  iridic  double  chlorides  (« 
taining  IrCla),  which  are  precipitated.  Claus  has  obtained  the  compoui 
8KC1 .  Ir,Cl,  +  6H0;  SXH^Cl .  Ir,Cl,  +  3H0;  and  3NaCl .  Ir.Cl,  +  24HO. 

The  bichloride,  IrClg,  is  obtained  by  dissolving  very  finely-divided  iridium,. 
one  of  its  oxides,  in  aqua-regia,  the  liquid  being  heated  to  the  boiling  point, 
dissolves  in  water,  forming  a  reddish-yellow  solution.     It  combines  with  oth 
chlorides,  forming  very  definite  salts.     The  potassium-salt,  chloridiate  of  poU\ 
iium,  IrCli .  KCl .  HO,  crystallizes  in  black  octohcdrons,  yielding  a  red  powde 
and  soluble  in  water,  to  which  it  imparts  a  red  colour.      Chloridiate  of  an 
monium,  IrCU .  NH4CI .  HO,  is  obtained,  on  mixing  the  solutions  of  the  tw 
chlorides,  as  a  very  dark  brown  precipitate,  which  dissolves  in  boiling  water,  anc 
crystallizes  in  octohcdrons  on  cooling.     Its  colouring  power  is  very  great,  1  part 
of  it  sufficing  to  impart  a  distinct  coloration  to  40,000  parts  of  water.     The  red 
colour  often  exhibited  by  chloroplatinate  of  ammonium  is  due  to  traces  of  this 
■alt.     Chloridiate  of  ammonium  dissolves  in  sulphurous  acid,  and  is  thereby  con- 
Tcrted  into  a  soluble  and  crystallizable  compound  of  NH^Cl,  and  IrCl ;  the  sepa- 
ration of  iridium  and  osmium  depends  upon  this  property.     Bichloride  of  iridium, 
free  or  combined  with  other  chlorides,  is  also  reduced  to  the  state  of  protochloride 
by  potash,  hydrosulphuric  acid,  ferrocyanide  of  potassium,  and  alcohol.     Accord- 
ing to  Claus,*  the  bichloride  is  converted  by  potash  into  the  olive-green  sesqui- 
chloride,  hypochlorite  of  potash  being  formed  at  the  same  time.     The  alkaline 
solution  when  heated  becomes  colourless,  and  afterwards  violet-red,  and  yields  a 
blue  precipitate  of  the  hydrated  bioxidc ;  the  decolourized  alkaline  solution,  mixed 
with  a  few  drops  of  alcohol  and  heated,  deposits  metallic  iridium.     Nitrate  of 
silver  added  to  the  solution  of  the  bichloride  forms  a  blue  precipitate,  which 
qnickly  loses  its  colour  and  passes  into  the  compound  Ir2Cl3 .  3AgCl.     Mercurous 
nitrate  forms  a  light  ochre-yellow  precipitate  of  IrjCla .  yilg^Cl. 

TtrMoride  of  iridium ,  IrCla,  is  formed  by  treating  an  oxide  or  a  lower  chloride 

of  iridium  with  very  strong  aqua-rcgia,  at  a  temperature  not  exceeding  104°  or 

122°  (40°  or  50°  C.)     Its  culour  is  a  deep  brown,  nearly  approaching  to  black; 

t  is  soluble  in  water,  and  deliquescent.     It  forms  double  chlorides  of  the  alkali- 

letals. 

Carburet  of  iridium. — When  a  coherent  mass  of  iridium  is  held  in  the  flame  ' 
*  a  spirit  lamp,  black  masses  appear  on  its  surface,  which  are  a  carburet,  contain- 
g  ll)-83  percent,  of  carbon,  or  IrC*.     The  carbon  burns  off  readily  in  the  air. 

Iridic  sulphate  is  obtained  by  dissolving  bisulphide  of  iridium  in  nitric  acid, 

i  expelling  the  excess  of  acid  by  evaporation.     It  dissolves  in  water  and  alcohol, 

mini:  orange-yellow  solutions,  which  on  evaporation  leave  the  salt  in  the  form 

1  syrupy  uu crystallizable  mass. 

.MMONIACAL  COMPOUNDS  OF  IRIDIUM. — Ammofiio-iridious  chloride,  NHj. 

,  or  Chloride  of  ir  id  ammonium,  NUjlr .  CI. — Prepared  by  heating  bichloride 

idium  till  it  is  converted  into  protochloride,  dissolving  the  brown  resinous 

ae  in  carbonate  of  ammonia,  and  adding  hydrochloric  acid  in  slight  excess. 

!om[>ound  then  separates  in  the  form  of  a  yellow  granular  precipitate,  inso- 

in  water.     The  oxide  corresponding  to  thb  chloride  has  not  been  obtained 

free  state.     The  sulphate  NHjIr.  SO4  is  obtained  by  heating  the  chloride 

ilutc  sulphuric  acid.     It  crystallizes  in  large  orange-yellow  laminae,  easily 

in  water.      Biammonio-iridious  chloride,  2NH3.IrCl,  or  Chloride  of 

'dammonium,  NH2(NH4)Ir .  CI,  is  obtained,  as  a  white  precipitate,  by 
the  compound,  NHjIr .  CI,  with  excess  of  ammonia.     Treated  with  mode* 

ong  sulphuric  acid,  it  yields  the  corresponding  sulphate,  NHa(NH4)Ir .  SO4, 
*  Liebig  and  Kopp's  J'ahrosbericht,  1855,  p.  427. 

to 
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in  rhombic  prisms ;  and,  by  decompiling  ibis  salt  witb  nitrate  of  baryta,  or  decom- 
posing the  chloride  with  nitric  acid,  the  nitrate  is  obtained  in  yellow  needles, 
which  dissolve  readily  in  water,  melt  when  heated,  and  then  suddenly  docoiDp<>e 

with  flame.  lLcJiloronitrateo/ammiridammonium,^U^^U^)lT.  1     ^,j,  orHun-w 

of  ammochlorirulammonium,  NHi(NH4)  (IrCl).NO„  analogous  to  GrosV  phti- 
num-nitrate  (p.  616),  is  obtained  as  a  yellowish,  crystalline,  granular  mas*,  bj 
heating  the  cnloride  of  iridammouiuni,  NU,Ir .  CI,  with  strung  nitric  acid;  whta 
rccrystallized  from  water,  it  forms  shining  yellow,  laminar  cr^-stals.     Bichl^ridt  of 

amfntrulammonium,  NIl2(NH4)Ir.  Cls,  or  chloride  of  ammo^Jtlorindammonium^ 

Nli2(NH4)(IrCl).  CI,  is  obtained  by  treating  the  last-mentioned  salt  with  hydr> 
chloric  acid,  in  the  form  of  a  violet  precipitate,  which  dissolves  n^adily  in  hc4 
water,  and  separates  from  the  solution  in  violet  crystals.  Nitrate  of  silver  added 
to  the  solution  throws  down  only  half  the  chlorine.  The  nitrate,  trcitod  with 
dilute  sulphuric  acid,  yields  the  chlorosulphate  of  ammiridammonium  in  dclicau 
greenish,  needle-shaped  crystals  (Skoblikoff). 

NHl(NH4)Ir^ 
The  compound  SNIIj .  IrClj,  or       '-— ^'*— *>  >  Clj,  is  obtained  by  mixing  i  dilate 

solution  of  IraClj  +  3NH4CI,  mixed  with  excess  of  ammonia,  and  leaviD;:  the 
mixture  in  a  well-closed  and  completely  filled  bottle  for  some  weeks  in  a  wini 
place;  heating  the  li([uid,  which  has  then  acquired  a  rose-colour,  to  expel  the 
excess  of  ammonia;  neutrjlizing  with  hydrochloric  acid;  evaporating  to  drpes; 
and  treating  the  greenish  yellow  residue  with  cold  water  to  extract  the  chl*>ride 
of  ammonium.  A  light  11  csh -coloured,  finely  crystalline  powder  then  rvuaini, 
which,  when  dissolved  in  boiling  water,  acidulated  with  hydrochloric  acid.  Tieldi« 
on  cooling,  a  crystillinc  precipitate  of  5XH) .  IrjClj  mixed  with  sesqui chloride  of 
iridium.  This  compound  when  disi^olved  in  a  boiling  solution  of  ainmoDia,  ii 
partially  decomposed,  with  sepanition  of  blue  hydrated  bioxide  of  iridiuui;  wbei 
digested  witli  water  and  oxide  of  silver,  it  yields  a  rose-coloured  alkaline  euktioi 
of  the  base  5NFI3.  Ir,03.  This  solution,  saturated  with  various  acids,  yields:— 
the  carbonate  5NITj .  Ir^Oj .  SCOj  -f  3H0,  in  the  form  of  a  finely  crystalline  puvdOi 
having  a  light  flesh-coloured  and  alkaline  reaction;  the  nitrate^  5XII,.Ir^Os3X(^ 
in  indistinct,  light  flesh-coloured,  neutral  prisms;  and  the  sulphate^  oNHj-Ir^- 
2SO4,  as  a  neutral  crystalline  salt  of  similar  colour.  All  these  salts  are  holuUe  ii 
water  (Claus). 

ESTIMATION    AND    SEPARATION    OF    IRIDIUM. 

The  quantitative  estimation  of  iridium  is  effected  in  the  same  manner  u  tkift 
of  platinum,  viz.,  by  precipitating  with  sal-ammoniac  and  igniting  t)ie  precipittHi 
The  same  method  serves  to  separate  iridium  from  all  the  preceding  motali  exfcil 
platinum.  The  separation  of  these  two  metals  is  effected  by  the  methud  almdj 
described  for  the  preparation  of  pure  platinum  (p.  610);  viz.,  by  prt:cipititii| 

^  with  chloride  of  potassium,  fusing  the  precipitate  with  carbonate  of  potash,  tfl 

'  dissolving  out  the  platinum  with  aqua-regia. 
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SECTION  IV. 

OSMIUM. 

Eq.  99-56  or  1244-5;  Os. 

In  the  treatment  of  the  alloy  of  iridium  and  osmium,  the  latter  is  separated  as 
a  volatile  oxide,  or  osmic  acid  (p.  024).  To  obtain  the  metal,  a  solution  of  osmic 
acid  is  mixed  with  hydrochloric  acid,  and  digested  with  mercury  in  a  well  closed 
bottle  at  a  temperature  of  104°  (40°  ( 'ent. ).  The  osmium  is  reduced  by  the 
mercury,  and  an  amal<ram  formed,  which  is  distilled  in  a  retort,  through  which  a 
stream  of  hydrogen  is  passed,  till  ail  the  mercury  and  calomel  ft>rmed  are  removed : 
osmium  then  remains  as  a  black  powder  without  metallic  lustre.  Mctiillic  osmium 
is  also  obtained  by  igniting  the  scsquichloride  of  osmium  and  ammonium  mixed 
irith  sal-ammoniac. 

When  rendered  coherent,  osmium  is  a  white  metal,  less  brilliant  than  platinum, 
and  very  easily  pulverized.  Its  density  is  about  10.  As  obtiined  from  the  amal- 
gam, osmium  is  highly  combustible )  when  a  mass  of  it  is  ignited  at  a  point,  it 
continues  to  redden,  and  burns  without  residue,  beinc^  converted  into  the  volatile 
oxide  or  osmic  acid.  Osmium  in  the  same  condition  is  oxidated  by  nitric  acid  or 
aqua-regia,  and  the  osmic  acid  formed  distils  over  with  the  water  and  acid.  But 
after  being  exposed  to  a  red  heat,  osmium  becomes  much  less  combustible  in  air, 
and  is  not  oxidated  by  the  humid  wa}*,  resembling  silicon  and  titanium  in  th?t 
respect.  Six  different  oxides  of  this  metal  have  been  obtained,  namely,  OsO; 
OsiOaj  OsO^;  OsOjj  ()s04;  and  OsOj.  The  three  lowest  of  these  oxides  are 
analogous  in  composition  to  the  oxides  of  iridium. 

Chlorides  and  oxides  o/ oamiuvi. — When  osmium  is  heated  in  a  long  glass  tube 
by  a  spirit  lamp,  and  chlorine  gas  passed  over  it,  two  chlorides  are  formed,  which 
condense  separately  in  the  tube,  owing  to  a  difference  in  their  volatility.  The 
protochloridcy  OsCl,  which  is  the  least  volatile,  crystallizes  in  needles  of  a  deep 
green  colour.  It  is  delicjuesccnt,  and  forms  a  green  solution  remarkable  for  its 
beauty.  This  solution  is  instantly  discoloured  by  great  dilution,  metallic  osmium 
being  deposited,  and  hydrochloric  and  osmic  acids  remaining  in  solution.  Chloride 
of  osmium  conibines  with  alkaline  chlorides,  and  acquires  greater  stability.  The 
protoxide,  OsO,  is  obtained  by  adding  potash  to  a  solution  of  protochloride  of 
osmium  and  potassium ;  after  some  hours,  a  deep  green,  almost  black,  powder  is 
precipitated,  which  is  the  hydrated  oxide.  This  hydrate  contains  alkali.  It  dis- 
solves slowly  but  completely  in  acids,  and  gives  solutions  of  a  deep  green  colour. 

Sefquioxide  of  osmiumy  OS2O3,  is  not  known  in  the  separate  state;  but  when  a 
mixture  of  osmic  acid  and  ammonia  is  kept  for  some  hours  at  a  temperature  of 
100^  to  120°,  nitrogen  gas  is  evolved,  and  a  black  substance  is  deposited,  contain- 
ing the  sesquioxide  in  combination  with  ammonia.  It  dissolves  slowly  in  acids, 
and  forms  yellowish  brown  solutions,  which  become  brown-black  when  they  con- 
tain much  oxide.  The  metal  is  not  precipitated  from  these  solutions  by  zinc  or 
iron.  The  corresponding  scsquichloride  of  o>niiuni  is  obtained  in  combination 
with  chloride  of  potassium  as  a  double  salt,  wlion  the  preceding  oxide  containing 
ammonia  is  di.ssolved  in  hydrochloric  acid,  and  evaponited  to  dryness;  the  com- 
pound is  not  crystalline. 

Bichloride  of  osmiuni,  OsCli,  is  the  more  volatile  chloride  produced  when 
osmium  b  heated  in  chlorine.  It  condenses  as  a  dark  red  floury  powder.  Ex- 
jxaad  to  air,  it  attracts  a  little  moisture,  and  forms  dntnlritic  crystJils.  It  is  solu- 
ble in  a  small  quantity  of  water,  giving  a  yellow  solution,  but  is  decomposed  by  a 
large  quantity,  like  the  protochloride.  The  bichloride  of  osmium  and  potassiunL 
i«  prepared  in  the  same  manner  as  the  corresponding  salt  of  iridium.     In  powder. 
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it  U  of  a  red  colour  like  niiniuni,  but  fonns  also  the  usual  octuh-Mlmi  cn-t.-ls 
KCl.OsC^la,  wliich  aro  brown.  A  solution  of  tliis  tltmble  salt,  iiiix»'«i  witii  v;;r  - 
nate  uf  potatih  or  soda,  affords  after  a  time,  or  iuimediatoly,  if  bt\'it'..!.  ;':.•'  i-rr  - 
pondins  hioxvf*'  of  osmium  or  osmiV  n,ritfi\  0>02.  as  a  brv»wii  |  jWil- r.  w\  i  h 
appears  black  when  collected.  This  oxide,  like  the  peroxiile  uf  iridiuiii. ':-  r  ■:•:  I 
by  hydrojren  at  ordinary  temperatures.  It  is  a  base  eajable  of  uniii::^  w;:L  l  .  U 
at  the  munient  of  its  formation. 

Osmic  mlphatp  is  obtained  by  treat  in  pj  on«'  of  the  sulphido  if  i«s!:.:r.:i  w'.'i 
nitric  acid;  when  dried  as  completely  as  possible,  it  fornij!  a  durk  vell-.w:.-)*  Ir  u:. 
Byrup,  which  dissolves  in  water.  The  reaction  of  oiuiio  .silt.s  (•.  ■/.  ff  i':;-  Li.l  - 
ride  of  osmium  and  potassium)  in  solution,  are  as  follows  : — P'i»i>h  fiTn>  :i  i!-.  i 
precipitate,  slowly  in  the  cold,  imniediatrly  tai  boilini:;  ammfnini,  a  Vriivii  ::  :• 
pitatc,  after  some  time ;  carhonah'  o/ jtofttt^h,  the  same;  'hfi/n'tt-  nf'  ^i  .tm  >.  \j  . 
a  red  precipitate;  protmhluritlf  o/  ti'tu  n  brown  prceipitat" ;  i/<;.r  »/.-•.*  ...••;•. 
yellowish  white;  hitrafr  of  !(ih':r,  dark  olivo-«:reen ;  hi/tlrcsnJjr.nrir  •.••''.  i 
yellowish  brown  precipitate  after  some  time;  hi/ilm^ulphtio  */  ti/im  u*  *,  .,  y]- 
lowish  brown  precipitate  insoluble  in  excess.  Nn  pn-eipitat*.*  i.s  turmfl  by  i.\Ak 
acid,  ferrocyanide  or  ferricyauide  of  potassium,  or  ferrous  sulphate.  Xiw  thr  t* 
down  part  of  the  osmium  in  the  metallic  state.  IfJuh'  nj  jintiii.f,'vjn  J.-.-  »..: 
form  any  precipitjite,  but  imparts  a  deep  purple-red  colour,  whiili  iIm*  n- :  1!- 
appear  when  the  litjuid  is  heated.      Tannir  */••/'/  imparts  a  di.«'p  h\\\v  r.-'.  'jr. 

(hmious  ocul,  iJsOy  — This  acid  is  not  known  in  the  svpar.itc-  >tar.\  h.'r.:  re- 
solved at  the  moment  of  separation  from  its  combinations,  iiitu  '■*iiii-  :i. !»!  r.:ii 
osmic   oxide,  SOsU,  =  O.sO^  -f  OsOj.     Osmit*-  o/;W.i>//.  KO.(  »>(),  -}-  L'lln.  L* 
obtained  by  the  action  of  reducinj:  airents  on  theosmiate;  thus,  wluii  n  K'v  rj- 
of  alcohol  are  added  to  a  solutiim  of  osmiatc  of  pota.>h,  the  osmitr  i^  j  r-  I'j  i.  !-J 
in  the  form  of  a  ro.se-coloured  crystalline  powder,  a  stnmL'  odnur  «t  ;i!ii'!.;  i. 
beinp  at  the  same  time  evolved,  due  to  the  oxidation  of  thf  ah'»h -l.     <)«:;.;:.    : 
potash  maybe  obtained  in  oetohedral  crystals  of  considerable  >i/i-,  by  i..:>.i.  j  i 
solution  of  asmiatc  with  nitrite  of  pota.««h,  and  leavinir  the  mixtur«'  l  <  •  •.  ;  ".: 
slowly.     The  salt  is  likewise  obtained  by  dissolvini:  osmic  t»xidi'  in  .  *-. ....' 
potash.     It  is  rose-coloured,  soluble  in  water,  insiJuble  in  ah\.hul  and  .  i':,-  r.  i-.- 
manent  in  dry  air,  but  chantres  into  osmiatc  under  the  influence  «'f  ;.ir  ut.-i  w.*  * 
Chlorine  converts  it  into  osmic  oxide  and  (jsmiate  of  pnta>h.     It   i^  dr  .-ir.j'^i 
by  acids,  even  by  the  weaki'.st,  osmic  oxide  biintr  precipitati-d  :uj.l  •>:..•;  i.i 
evolved.     Sulphurous  acid  introduced  into  a  .^solution  of  tliis  .sdi.  pn.*.  i  a-ly  r  r- 
dered  alkaline,  throws  down  a  yellow  crystalline  precipitate,  i-ontainin-.:  h  -•)•  ir  ^^ 
acid  is  formed  of  osmium,  oxyL'cn,  and  sulphur.     Clilinido  «»f  amr.j.i.iiim  1.     -• 
poses  osmite  of  potash,  forniini;  a  marly  irisolubh*  villuw  >alt,  XIIJ'l.O^'KMi- 
which  may  be  reirardi'd  as  a  compound  «»f  sal-ammoniac  with  •>>//<  /«/;..■  /./• .  ( »>(  *.N^^' 
This  compound,  heated  in  a  stream  uf  hydroLren,  jjives  off  anim«!ii:i  ;ii.  I  .•--:- 
nioniac,  and  leaves  metallic  osmium,      (hynif^:  c/ sim/u  is  jin  jKir^-l  in  li.-.  •--' 
man uer  as  osmite  of  j)ota.<h,  but  d«»es  mK  crystallize  eu  ca>ily ;   it^  N-Iiin-':*  *' 
ro*«e-colourcd.     Osmious  aeid  does  not  combine  with  ammonia;  tlu*  o*i:;iit^   '- 
potash  and  soda  are  r<]>idly  reduced  by  amm'>nia. 

A  tervhluriJe  of  osmium  has  bern  obtained  in  combination  with  chlnriJe  ct  i^* 
znonium,  as  a  double  salt,  when  osmic  aeid  is  saturated  with  aiun:i.»ni:i.  aii«l  rr.ui 
after  a  while  with  excess  of  liydnichloric  acid,  menury  bcin-.:  also  pl:ie«^i  ir.  •-  - 
tact  with  it.  After  a  few  days,  the  li(juid  loses  the  ndnur  «^f  ••'•mie  a.i«l.  li* 
when  evaporated  to  dryness,  leaves  the  double  salt  in  bmwn  dindriti.'  orv-iil* 

Osmir  aritfy  OsO^,  or  the  volatile  oxide  of  osmium,  is  best  nbtaiuci  bj  l^' 
combustion  of  osmium  in  a  L'la.ss  tube  thnniL'h  which  a  .-stream  of  o.\\;::cn  ui*  •• 
*pag.sed;  it  is  also  obtained  by  the  action  of  nitric  acid  on  osmium,  and  in  tk'  •'-  • 
composition  of  osmites  or  osmates  by  acids.  It  condenses  in  lon^.  i\.L'a:if-^ 
rc^lar  prismatic  needles.  Tlie  »»dour  of  this  compound  is  cxtromiiv  Hvi'i  a=^ 
penetrating^  resembling  that  uf  the  chloride  of  sul|ihur.     It  was  froxu  this  {'.v 


ESTIMATIOif    OP    OSMIUM,  629 

perty  of  its  acid,  which  is  so  constantly  observed  when  the  oxidablc  compounds 
of  osmium  are  heated  in  air,  that  osmium  obtained  its  name  (from  69/io;,  odour). 
Its  taste  is  acrid  and  burning,  but  not  acid.  It  becomes  soft  like  wax  by  the  heat 
of  the  hand,  melts  into  a  colourless  liquid  like  water,  considerably  below  212°, 
and  enters  into  ebullition  a  verj-  little  above  its  point  of  fusion.  It  is  dissolved 
slowly,  but  in  considerable  quantity,  by  water.  The  solution  has  no  acid  reaction. 
Osmic  acid  is  also  soluble  in  alcohol  and  ether,  but  these  solutions  are  apt  to 
deposit  metallic  osmium.  It  is  a  woak  acid,  boinjr  incapable  of  displacing  carbonic 
acid  from  the  carbonates,  in  the  humid  way,  but  forms  a  class  of  salts,  the  os- 
miates.     Osmic  acid  is  expelled  by  heat  from  most  of  it**  combinations  with  bases. 

An  acid  containing  more  oxygen  than  osmic  acid,  and  apparently  having  the 
formula  OsOs,  is  formed  by  subinitting  the  osmiates  to  the  action  of  oxygen  and 
oxidizing  agents.  It  is  very  unstable ;  its  potash  and  soda-.salts  have  a  dark  browa 
colour,  and  sometimes  crystallize  in  the  alkaline  li(juids.  If  the  formula  OsOs  be 
correct,  the  oxidation-serit-s  of  osmium  will  present  remarkable  analogies  with 
those  of  nitrogen,  phosj)horus,  and  ari*enic  (Fremy). 

(hmiomtc  ndti,  O.^JiXOv  —  Formed  by  the  action  of  ammonia  on  osmic  acid, 
20s04-f  NIIs.0sjN<.)5O-h'>lI().  Its  potash-salt  is  obtained  by  adding  ammonia  to 
a  hot  solution  of  osmic  acid  in  excess  of  potash ;  the  deep  orange  colour  of  the 
lirjuid  soon  changes  to  light  3'ellow,  and  osmiamate  of  potash  separates  in  the  form 
of  a  yclliiw  cry.'^talline  powder.  The  osniiamates  of  the  alkalies  and  alkaline 
earths  and  the  zine-s;ilt  arc  soluble  in  water;  the  lead,  mercury,  and  silver-salts 
insoluble.  The  a([ueous  acid  is  obtained  by  decomposing  the  baryta-salt  with  sul- 
phuric, or  the  silver-salt  with  hydrochloric  acid.  It  may  be  kept  for  some  days 
when  dilute,  but  soon  decomposes  in  the  concentrated  state.  It  is  a  powerful 
acid,  decomposing  not  only  the  carbonates,  but  even  chloride  of  potassium. 
Fritzschc  and  Struve,*  who  discdvered  this  acid,  assign  to  it  the  formula  Os2N04, 
regarding  it  as  a  compound  of  nitride  of  osmium  with  osmic  acid;  OsN.OsCV 
Gerhardt,  on  the  contrary ,t  assigns  to  it  the  formula  above  given,  viz.,  OS2NO5, 
which  is  the  more  probable  of  the  two,  inasmuch  as,  if  Fritzsche  and  Stnivc's 
were  correct,  the  formation  of  the  acid  must  be  attended  with  the  evolution  of  1 
eq.  oxygen ;  but  they  particularly  observe  that  no  escape  of  gas  takes  place. 

Sniphuks  of  osmium. — Osmium  has  a  great  affinity  for  sulphur,  and  bums  in 
its  vapour.  Five  sulphides  of  osmium  are  known,  corresponding  to  all  the  oxides 
except  the  highest,  viz.,  OS,  Os^Sj,  OsS^,  OsSj,  OsS^.  The  first  four  of  these 
sulphides  are  obt;iined  by  deconjposing  the  corresponding  chlorides  with  hydro- 
sulphuric  acid.  The  tetrasulphide  is  prepared  by  passing  hydrosulphuric  acid  gas 
into  a  solution  of  osmic  acid :  it  is  a  sulphur-acid,  completely  insoluble  in  water; 
whereas  the  others  arc  sulphur  bases,  slightly  soluble  in  water,  and  forming  deep 
yellow  solutions. 

ESTIMATION   AND   SEPARATION   OP  OSMIUM. 

Osmium  is  generally  estimated  in  the  metallic  state.  The  best  mode  of  sepa- 
rating it  from  the  metals  with  which  it  is  usually  accompanied,  is  to  volatilize  it 
in  the  form  of  osmic  acid  —  by  distillation  with  aqua-regia,  if  the  compound  be 
perfectly  soluble  therein,  or  by  roasting  in  a  stream  of  oxygen  —  receiving  the 
vapours  of  osmic  acid  in  a  strong  solution  of  potash ;  and  to  reduce  this  salt,  by 
the  addition  of  a  few  drops  of  alcohol,  to  osmiate  of  potash,  which  is  insoluble  in 
the  alcoholic  licjuor.  The  osmite  of  potash  is  then  digested  in  a  cold  solution  of 
sal-ammoniac,  whereby  the  compound  NIl4Cl.()s02NIl2  is  produced,  and  the 
osmium  reduced  to  the  metallic  state  by  igniting  this  last-mentioned  compound  ia 
a  current  of  hydrogen  gas  (Fremy). 

Another  mode  of  proceeding  is  to  condense  the  acid  vapours  evolved  by  dis- 
tilling  a  compound  of  osmium  with  aqua-regia  in  a  well-cooled  receiver,  and  pre- 

*  J.  pr.  Chem.  xli.  07.  f  Compt.  rend,  de  Trans,  en  Chimie,  1847,  804. 
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cipitate  the  osmium  from  the  solation  by  metallic  mercury.  A  predpitaie  ii 
thereby  obtained  consistiDg  of  calomel,  a  pulverulent  amalgam  of  osmium,  and 
metallic  mercury  containing  a  very  small  quantity  of  osmium.  This  mixture  is 
heated  in  a  glass  bulb,  through  which  a  stream  of  hydrogen  is  passed,  whereupon 
the  mercury  and  its  chloride  volatilize,  and  metallic  osmium  is  left  in  the  fjmi  of 
a  black  powder.  The  liquid,  however,  still  retains  a  small  quantity  of  osmiam, 
which  may  be  isolated  by  saturating  the  liquid  with  ammonia,  evaporatio^r  to  drv- 
ness,  and  calcining  the  residue  (Berzelius).  The  osmium  may  also  be  precipitated 
from  the  distilled  liquid  by  hydrosulphuric  acid,  the  solution,  after  complete  f»to- 
ration,  being  left  for  several  days  in  a  stoppered  bottle,  till  the  sulphide  of  o.«njium 
is  completely  deposited.  The  sulphide  is  then  washed,  dried,  and  wei:;hcd ;  but 
as  it  is  apt  to  retain  moisture,  and,  moreover,  oxidizes  to  a  certain  extent  in  tie 
air,  the  method  is  not  very  exact.  It  is  recommended,  however,  for  the  e5tiiii3ti"a 
of  small  quantities  of  osmium,  the  method  of  precipitating  by  mercury  Lciog 
better  adapted  for  larger  quantities  (Berzelius). 


SECTION   V. 

RHODIUM. 

Eq.  52  or  651-4;  R 

This  metal  was  discovered,  by  Wollaston,  in  the  ore  of  platinum  Tie  found 
the  ore  from  Brazil  to  contain  0*4  per  cent. ;  native  platinum  from  another  locality 
has  been  found  with  as  much  as  3  per  cent,  of  rhodium. 

After  the  precipitation  of  the  palladium  from  the  solution  of  native  rlatiDoai. 
by  cyanide  of  mercury,  the  solution,  in  order  to  obtain  the  rhodium,  may  be  uiieJ 
with  carbonate  of  soda  and  excess  of  hydrochloric  acid,  and  evaporated  to  drrncsj. 
The  cyanide  of  mercury  in  excess  is  decomposed  by  the  hydrochloric  acid,  tod 
converted  into  chloride  of  mercury.  The  dried  mass  is  reduced  to  a  very  int 
powder,  and  washed  with  alcohol  of  density  0*837,  which  takes  up  the  doab!« 
chlorides  of  sodium  with  platinum  and  iridium,  the  copper  and  the  mercarr,  bnt 
leaves  the  double  chloride  of  rhodium  and  sodium  in  the  form  of  a  fine  deop  red 
powder.  The  rhodium  is  most  easily  reduced  by  gently  heating  the  double  chlo- 
ride in  a  stream  of  hydrogen  gas,  and  afterwards  washing  out  the  chloride  of 
sodium  by  water. 

lihodium,  when  rendered  coherent,  is  a  white  metal  like  platinum ;  its  donstr 
is  about  10-6.  It  is  brittle  and  very  hard,  and  may  be  reduced  to  powder.  When 
pure,  it  is  not  dissolved  by  any  acid ;  but  when  alloyed  with  certain  metals,  nch 
as  platinum,  copper^  bismuth,  or  lead,  and  exposed  to  aqua-regia,  it  dissolves  aioo^ 
with  those  metals.  When  fused  with  gold  or  silver,  however,  it  is  not  di&k^veJ 
with  the  other  metal.  But  the  most  eligible  mode  of  rendering  rhodium  solnb^ 
is  to  mix  it  in  fine  powder  with  chloride  of  potassium  or  sodium,  and  to  heat  iht 
mixture  to  low  redness  in  a  stream  of  chlorine  gas.  A  double  chloride  is  tha 
formed,  as  with  the  other  platinum  metals  in  similar  circumstances,  which  is  refj 
soluble  in  water.  The  solutions  of  rhodium  have  a  beautiful  red  colour,  the  d^ 
cumstanco  from  which  the  metal  derives  its  name  (from  JLodov,  a  rose).  RhodiBD 
may  also  be  rendered  soluble  in  the  dry  way,  by  fusing  it  with  bisulphate  of  potvh, 
when  the  metal  is  oxidated  with  escape  of  sulphurous  acid  gas.  Jflhodium  is  tb< 
most  oxidablc  of  the  platinum  metals,  combining  with  oxygen  when  heated  fo 
redness  in  an  open  vessel,  and  very  readily  when  in  fine  powder  and  heated  to  i 
cherry-red  heat.  It  appears  to  form  two  oxides,  the  rhodous  and  the  rbodic^  d 
which,  however,  the  last  only  has  been  completely  isolated. 

OxidcM  of  rhodium. — The  protoxide  or  rhodoui  oxide^  BO,  is  fonaed  vki 
rhodium  is  ignited  in  contact  with  the  air.    One  hundred  parts  of  ibodiaa  tktf 
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treated  quickly  increase  to  115-3  parts,  correspondinj*  to  the  protoxide;  then 
slowly,  if  the  ignition  be  continued,  to  118*07  parts;  a  black  powder  being  formed, 
consisting  of  3R0 .  R,Oj  (Berzelius). 

Rhodic  oxide.j  RaO„  is  produced  when  the  metal  is  iffnited  with  hydrate  of 
potash  and  a  little  nitre,  in  a  silver  crucible.  The  metal  swells  up,  assumes  a 
cofFee-brown  colour,  and  is  converted  into  a  compound  of  rhodic  oxide  and  potash, 
which  must  be  washed  with  water,  and  afterwards  diirested  in  hydrochloric  acid ; 
the  hydrated  oxide  remains  of  a  grey  colour,  with  a  shade  of  green,  and  insoluble 
in  acids.  The  same  hydrated  oxide,  as  obtained  from  the  double  chloride  of  rho- 
dium and  potassium,  or  sodium,  by  precipitation  with  an  alkali  and  evaporation, 
dissolves  slowly  in  acids,  together  with  a  ccrtiiin  quantity  of  alkali  which  is 
attached  to  it,  assuming  a  yellow  colour,  and  producing  double  salts.  The  solution 
in  hydrochloric  acid  is  also  pale,  although  it  contains  chloride  of  potassium,  whilo 
a  solution  of  the  double  chloride,  prepared  in  the  way  formerly  mentioned,  has  a 
fine  red  colour.  Hence  Berzelius  infers  that  there  are  two  isomeric  modifications 
of  this  oxide,  whose  compounds,  when  in  solution,  are  respectively  yellow  and 
rose-coloured.  Hydrated  rhodic  oxide  contains  one  atom  of  water,  E2O3.HO. 
Two  compounds  of  rhodic  oxide  with  the  protoxide  of  the  same  metal  appear  to 
exist:  R2O3.3RO,  and  R2O3.2RO.  The  known  compounds  of  rhodium  are  not 
isomorphous  with  compounds  of  platinum;  but  this  may  arise  from  these  two 
metals  affecting  combination  in  differeit  proportions,  so  that  their  compounds  are 
not  analagous  in  composition.  Their  association  and  resemblance  in  other  re- 
spects afford  a  strong  presumption  of  their  being  isomorphous  bodies. 

Solutions  of  rhodic  salts  yield,  with  hydrosulphurw  acidy  a  brown  precipitate  of 
protosulphide,  which  is  slowly  deposited ;  with  lit/drosulphate  of  ammonia  a 
brown  precipitate,  insoluble  in  excess ;  with  svJphvrous  acid  and  sidjyhifeSj  a  pale 
yellow  precipitate;  with  j>o/tfs/^  a  yellow  precipitate  of  hydrated  rhodic  oxide, 
soluble  in  excess ;  with  ammoiini,  a  yellow  precipitate  of  rhodate  of  ammonia, 
which,  however,  does  not  form  immediately;  with  alkal hi r  carbonates,  a  yellow 
precipitate  after  a  while.  Iodide  0/ potassium  produces  a  slight  yellow  precipitate ; 
protocJdoride  of  tin  imparts  a  dark  colour  to  the  solutions,  but  forms  no  precipi- 
tate. Acetate  of  lead^  mercnrous  nitrate,  and  nitrate  of  silver  form  precipitates 
analogous  in  composition  to  the  iridium-salts  already  mentioned  (p.  625).  Zinc 
precipitates  metallic  rhodium.  In  a  solution  of  rhodium  mixed  with  excess  of 
potash,  alcohol  forms,  even  at  ordinary  temperatures,  a  black  precipitate,  probably 
consisting  of  metallic  rhodium  ;  with  the  other  platinum-metals,  this  reaction  takes 
place  only  when  the  liquid  is  heated.  No  precipitate  is  formed  by  phosphate  of 
soda,  sal-ammoniac,  chloride  of  potassium,  chromate  of  potash,  oxalic  acid,  cyanide 
of  potassium,  cyanide  of  mercury,  fcrrocyanide  or  ferricyanide  of  potassium,  or 
gallic  acid.     Hydrotjen  gas  reduces  the  anhydrous  salts  at  a  moderate  heat. 

Sulphide  of  rhodium.  —  Rhodium  maybe  united  with  sulphur  by  either  the 
dry  or  the  humid  way.  The  sulphide  of  rhodium  was  used  by  Wollaston  to  obtain 
the  metal  in  a  coherent  mass. 

Protochloride  of  rhodium,  RCl,  is  obtained  by  heating  the  protosulphate  (pre- 
cipitated from  rhodic  salts  by  hydrosulphuric  acid)  in  a  stream  of  chlorine;  or  by 
digesting  one  of  the  intermediate  oxides  with  hydrochloric  acid,  whereupon  the 
Besquichloride  dissolves,  and  the  protochloride  remains  in  the  form  of  a  reddish 
grey  powder,  insoluble  in  water. 

S^'squichloride  of  rhodium,  R2CI3,  is  obtained  from  the  double  chloride  of 
rhodium  and  poLnssium,  by  precipitating  the  latter  metal  with  fluosilicic  acid. 
The  dry  salt  thus  obtained  is  brown  black,  and  not  crystalline ;  it  requires  a  pretty 
high  temperature  to  decompose  it,  and  then  resolves  itself  at  once  into  chlorine 
and  rhodium.  This  salt  deliquesces  in  air;  its  solution  in  water  is  of  a  beautiful 
red  colour  (Berzelius).  Sesquichloride  of  rhodium  is  also  obtained  in  the  form 
of  a  rose-red  powder  by  heating  the  metal  to  low  redness  in  a  stream  of  chlorine 
(Clans).     This  red  powder^  which  was  regarded  by  Berzelius  as  BaCl3.2RCl|  is 
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slnwly  dccoTDposed  when  heated  in  hydrogen  ga§,  w  insoloble  in  Btrong:  hydro- 
clilnric  and  aqua-rcgia  even  at  the  boiling  heat,  is  coloured  yellow  by  continued 
boiling  with  potash,  and  if  afterwards  boiled  with  strong  hydrocUorie  aci«i,  dis- 
solves^iu  small  quantity,  forming  a  rose-coloured  solution,  the  greater  part,  how- 
ever, remaining  unaltered. 

A  chloride  of  rhodium  and  potauivmj  containing  SKGl.R/Tla  +  2H0,  is 
obtained  by  the  action  of  chlorine  on  a  mixture  of  rhodium  and  chloride  of  potu- 
Slum,  or  by  evaporating  a  solution  of  the  scsf{uichloride  of  rhodium  and  sodiam 
with  chloride  of  potassium.  It  forms  brown,  doubly  oblique  prisms,  which 
dissolve  sparingly  in  water.  Another  double  salt,  containing  3KCl.R,ri,+  GHO, 
is  obtained  in  dark  red,  sparingly  soluble,  efflorescent  prij«nis,  by  fpontanecnis 
evaporation  of  a  solution  of  the  hydrated  sesquioxide  in  hydrochloric  acid  mixed 
with  chloride  of  potassium.  The  sodium  douUc-saltj  3NaCl.K|CI,+  241U>,  fvnns 
doubly  oblique  prisms  of  a  deep  cherry-red  colour.  With  rhhriih  of'ttmm»'ntumf 
two  double  salts  are  obtained,  viz.,  2NII,C1.R,C1,  -f  2110.  and  SNH.Cl.R.n,  H- 
8 HO,  both  of  which  form  red  prismatic  crystals.  By  precipitating  either  t:f  the 
above  double  chlorides  containing  2  or  8  eq.  of  the  basic  chloride  to  I  cq.  K.-Oi, 
with  acetate  of  lead,  mercuruus  nitrate,  or  nitrate  of  $ifv*'r,  rose-coloured  fn-cipi- 
tatcs  are  formed^  containing  2  or  3  eq.  of  PbCI,  UgtCl,  or  AgCl,  to  1  c-*(.  uf 
B1CI3  (Claus). 

A  iulphate  of  rhodium  is  formed  when' rhodium  is  ignited  with  bisulphate  of 
potash  ;  it  gives  a  yellow  solution.  Another  sulphate  in  combination  with  .^^iilphuce 
of  potash  gradually  falls  as  a  white  powder,  when  sulphuric  acid  is  addi  d  to  a 
solution  of  the  double  chloride  of  these  bases.  It  is  nearly  insoluble  in  w.-itrr;  its 
formula  is  KO .' SOj -f  tOs  •  SSOj.  Nitrate  ofrhrxlinm  is  fornu-d  by  di>*Mlvin5 
the  oxide  in  nitric  acid.  It  forms  a  deliquescent  salt  of  a  dark  n*d  cnktar, 
BiOj-oNOs;  the  last  salt  combines  with  nitnite  of  scida,  forming  dark  rt-d  cn.stak 
soluble  in  water  but  not  in  alcohol :  NaO. NO5  -f  RaOj.oNOj. 

The  salts  of  rhodium  arc  often  mixed  with  peculiar  rose-coloured  salt^.  wbcN 
nature  is  not  exactly  known.  These  new  salts  are  not  precipitated,  either  by 
iodide  of  potassium  in  the  cold,  or  by  sulphurous  acid,  or  by  auiuuaiia;  tbej 
form,  with  chloride  of  ammonium,  double  salts,  which  cr}>tillizc,  nut  in  ^cakB| 
but  in  red  prisms  (Fremy). 

ESTIMATION   AND   SEPARATION   OF  RUODIUM. 

Rhodium  is  estimated  in  the  metnllic  state.  The  solution  containintr  it  if 
mixed  with  excess  of  carbonate  of  soda  and  evaporated  to  dryness,  xh<  rt^'idos 
ignited,  and  the  calcined  mass  treated  with  cold  water :  oxide  uf  rhodium  thd 
remains,  and  may  be  reduced  by  hydrogen. 

Rhodium  is  separated  fn»m  many  metals  with  which  it  may  be  alloyed,  bj 
fusing  the  alloy  with  bisulphatc  of  potash  ;  the  rhodium  is  thereby  conv(.rti-d  inu 
sulphate  of  rhodium  and  potassium,  which  may  be  dissolved  out  by  watiT.  Ths 
method  of  separating  it  from  platinum  and  the  allied  metals  has  already  bea 
given. 

The  separation  of  rhodium  from  other  metals  in  solution  is  somewhat  diffiedt, 
because  it  is  not  completely  precipitated  by  hydrosulphurie  acid.  To  .^cpinls 
rhiKiium  from  copprt-y  the  soluti«)n  is  saturated  with  hydrosulphurie  acid  and  kft 
to  stand  in  a  stoppered  bottle  for  twelve  hours,  then  filtered,  and  the  filtnlc 
heated  to  separate  an  additional  portion  of  sulphide  of  rho<iium.  The  whole  of 
the  precipitate  is  then  roasted  in  a  platinum  crucible  till  the  sulphides  are  COB- 

Sletely  oxidized,  and  the  product  treated  with  strong  hydrochloric  acid,  whick 
issolves  the  copper  and  leaves  the  oxide  of  rhodium.  The  liquid  filteivd  ftm 
the  hydrosulphurie  acid  precipitate  still  contaiiw  a  small  portion  of  rhodium,  wUeb 
may  be  precipitated  by  carbonate  of  soda  and  converted  into  oxide  as  abore.  Ikt 
whole  of  the  oxide  is  then  reduced  by  hydrogen. 
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To  separate  rhodium  from  iron,  the  rhodium  is  precipitated  as  completely  as 
possible  by  hydrosulphuric  acid ;  the  liquid  filtered  j  and  the  iron  in  the  filtrate 
precipitated  by  ammonia,  after  having  been  brought  to  the  state  of  scsquioxide. 
The  iron-precipitate  carries  down  with  it  a  certain  portion  of  rhodium^  whicli  may 
be  separated  by  igniting  the  precipitate  in  a  current  of  hydrogen,  and  treating 
the  reduced  metals  with  hydrochloric  acid,  which  dissolves  the  iron  and  leaves  the 
rhodium :  the  latter  is  then  converted  into  oxide  by  ignition  in  the  air.  The 
precipitated  sulphide  of  rhodium  is  likewise  oxidized  by  roasting.  The  small 
quantity  of  rhodium  which  remains  in  solution  after  precipitation  by  ammonia  is 
precipitated  by  carbonate  of  soda,  and  converted  into  oxide  by  ignition.  Tho 
whole  of  the  oxide  of  rhodium  is  then  reduced  to  the  metallic  state  by  hydrogen. 

The  separation  of  rhodium  from  the  alkali-mctals  is  eaj*ily  effected  by  convert- 
ing: the  metals  into  chlorides,  and  igniting  the  chlorides  in  a  current  of  hydrogen, 
which  reduces  only  the  chloride  of  rhodium. 


SECTION  VI. 

RUTHENIUM. 

E(j.  521  ar  051-253  Ru. 

Tliis  metal  was  discovered  by  Claus  in  184G.  It  occurs  in  platinum  ores, 
chiefly  in  the  native  osmidc  of  iridium,  which  contains  from  3  to  6  per  cent,  of  it. 
To  separate  it,  the  osmide  of  iridium  is  pulverized,  mixed  with  about  half  its 
weight  of  common  salt,  and  heated  to  low  redness  in  a  current  of  moist  chlorine 
gas.  The  disintegrated  mass  is  then  digested  in  cold  water,  and  the  concentrated 
solution,  which  is  brown-red  and  almost  opa(|ue,  mixed  with  a  few  drops  of  am- 
monia and  gently  heated,  whereupon  it  deposits  a  copious  black-brown  precipitate, 
consisting  of  sesquioxide  of  ruthenium  and  bioxide  of  osmium.  This  precipitate, 
after  being  washed  with  nitric  acid,  is  heated  in  a  retort,  till  the  osmium  is  ex- 
pelled in  the  form  of  osmic  acid.  The  residue  is  then  ignited  for  an  hour  in  a 
silver  crucible  with  caustic  potash  free  from  silica,  and  the  ignited  mass  softened 
and  dissolved  by  cold  distilled  water.  The  solution  is  left  in  a  corked  bottle  for 
two  hours  to  clarify ;  after  which  the  perfectly  transparent  orange-coloured  liquid 
is  sepanited  by  a  siphon,  and  neutralized  with  nitric  acid.  It  then  deposits  vel- 
vet-black sesquioxide  of  ruthenium,  which,  when  washed,  dried,  and  ignited  in  an 
atmosphere  of  hydrogen,  yields  the  pure  metal. 

Ruthenium  is  a  grey  metal,  very  much  like  iridium.  Its  specific  gravity  is 
8-6.*  It  is  very  brittle,  does  not  fuse  even  in  the  flame  of  the  oxy-hydrogen 
blowpipe,  and  is  scarcely  attacked  by  aqua-rcgia.  It  combines  with  oxygen  in  four 
proportions,  forming  the  three  oxides,  lluO,  llujOj,  RuO^,  and  ruthenic  acid,  liuOg. 
Its  affinity  for  oxygen  is  greater  than  that  of  any  of  the  other  platinum  metals, 
except  osmium.  When  heated  to  redness  in  the  air,  it  oxidizes  readily,  forming 
a  bluish  black  oxide,  which  docs  not  part  with  its  oxygen  at  a  white  heat.  When 
fused  with  nitre  or  with  cnutic  pot'isli,  it  is  converted  into  rutheniate  of  potash. 
It  is  not  dissolved  by  fused  bisulphate  of  potash. 

Protoxitfe  of  rulhinium,  IluO. — Obtained  by  igniting  the  protochloridc  with 
carbonate  of  soda,  in  a  stream  of  carbonic  acid  gas,  and  washing  the  residue  with 
water.  It  is  a  blackish  grey  powder,  containing  13-4  per  cent,  of  oxygen.  It  is 
insoluble  in  acids,  and  consequently  its  salts  have  not  been  directly  formed. 

■ 

*  This  is  mucli  less  than  the  density  UHually  attributed  to  iridium  (p.  624).  It  is  probable, 
howeTer,  that  the  two  mctnls  do  not  rcnily  differ  much  in  density ;  for  a  specimen  of  porous 
iridinm  prepared  from  the  blue  oxide,  by  reduction  with  hydrogen,  exhibited  a  density  of 
only  9'S  (Claiu). 
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potassium  a  double  salt,  KCl^RuCl],  which  is  obtained  by  treating  the  sesqui- 
cliloridc  of  ruthenium  and  potassium  with  aqua-regia.  This  double  salt  is  very 
soluble  in  water,  but  insoluble  in  alcohol;  its  colour  is  brown,  inclining  to  rose-rod. 
The  aqueous  solution  has  a  deep  rose-culour,  strongly  resembling  that  of  sesqui- 
cbloride  of  rhodium.  Ilydrosulphuric  acid  acts  but  slowly  on  this  solution,  pro- 
ducing first  a  milky  turbidity  from  precipitated  sulphur,  and  afterwards  throwing 
down  a  yellowish  brown  sulphide ;  the  solution,  however,  still  retains  a  deep  rose- 
colour  and  docs  not  turn  blue. 

Ru(hr.nic  mlphute,  lluOj/iSOa When  the  sulphide  obtained  by  treating  the 

sesquichloride  with  hydrotiulphuric  acid  is  digested  in  moderately  strong  nitrio 
acid,  an  orange-yellow  solution  is  formed,  which,  on  evaporation,  yields  this  salt  in 
the  form  of  a  ycllowisli  brown  amorphous  mass.  It  is  deliquescent,  and  dissolves 
readily  in  water.  Alkalies  added  to  the  solution  form  no  precipitate  at  first;  but, 
on  evaporating,  a  yellowish  brown  gelatinous  precipitate  is  obtained,  consisting  of 
hydrated  ruthenic  oxide,  and  strongly  resembling  impure  rhodic  oxide.  The 
solution  of  this  salt  does  not  turn  blue  when  treated  with  hydrosulphuric  acid. 

Rulhfuic  aruly  lluOj,  is  known  only  in  the  form  of  a  potash-salt,  which  is  ob- 
tained by  igniting  ruthenium  with  a  mixture  of  potash,  and  nitrate  or  chlorate  of 
potash.  It  dissolves  in  water,  forming  an  orange-yellow  solution,  which  has  an 
astringent  taste,  colours  organic  substances  black  by  coating  them  with  oxide,  and 
is  decomposed  by  acids,  yielding  a  precipitate  of  the  sesquioxide. 

Sulpliuh^  of  ruthenium.  —  This  metal  probably  forms  with  sulphur  a  series  of 
compounds  analogous  to  the  oxides ;  but  it  is  difficult  to  obtain  them  in  a  definite 
state.  Sulphur  and  ruthenium  do  not  combine  directly,  and  the  precipitates 
thrown  down  by  hydrosulphuric  acid  from  the  chlorides  always  contain  excess  of 
sulphur.  When  tlie  sulphide  obtained  by  precipitation  from  the  sesquichloride  is 
heated  in  an  atmosphere  of  carbonic  acid,  incandescence  and  explosion  take  place, 
sulphur  and  water  pass  off,  and  a  blackish  grey  metallic  powder  is  left,  whoso 
analysis  agrees  with  the  formula  RujSs.  All  the  sulphides  are  dissolved  by  nitric 
acid  of  ordinary  strength  (Glaus). 

ESTIMATION   AND   SEPARATION   OF  RUTHENIUM. 

This  metal  is  precipitated  from  its  solutions  in  the  form  of  oxide,  and  generally 
as  sesquioxide,  viz.  from  a  solution  of  the  sesquichloride,  either  by  alkalies  or  by 
simply  heating  the  solution,  and  from  a  solution  of  rutheniate  of  potash  by  nitric 
acid.  The  precipitated  oxide  is  reduced  to  the  metallic  stite  by  ignition  in  an 
atmosphere  of  hydrogen.  As,  however,  the  precipitate  generally  contains  alkali, 
which  cannot  be  removed  by  washing,  the  reduced  mass  must  be  treated  with 
water ;  the  liquid  filtered  from  the  ruthenium ;  and  the  metal,  before  weighing, 
must  be  again  ignited  and  left  to  cool  in  an  atmosphere  of  hydrogen,  as  it  oxidizes 
whed  heated  in  the  air.  Euthenium  has  hitherto  been  found  only  associated  with 
the  metals  of  the  platinum-residues,  and  from  these  it  is  separated  by  the  method 
described  at  page  083,  depending  on  the  resolution  of  the  aqueous  sesquichloride 
by  heat  into  hydrochloric  acid  and  sesquioxide  of  ruthenium. 

NEW   METHOD   OF  TREATING  PLATINUM-RESIDUES.* 

When  platinum-ore  lias  been  exhausted  by  aqua-regia,  a  residue  is  left,  com- 
monly known  by  the  name  of  osmide  of  mdlum.  This  residue  is  a  mixture  of 
two  different  substances,  one  of  which  is  scaly,  and  consists  of  osmium,  iridium, 
and  ruthenium ;  while  the  other,  which  is  granular,  contains  but  mere  traces  of 
osmium  and  ruthenium,  but  is  very  rich  in  iridium  and  rhodimm.  Now  oxide  of 
ruthenium  can  bear  a  red  heat  without  decomposing,  and  osmium  is  actually 

*  Fremy,  Compt.  rend,  xxxviii.  1008 ;  also  Traits  de  Chimie  Gdntode,  par  Pelooze  et 
trtmj,  iii  452. 
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EXPANSION  OF  SOLIDS. 


The  following  dctermiDations  of  the  amount  of  the  cubical  expaDsion  of  solids 
for  each  degree  Centigrade,  at  temperatures  not  exceeding  100^  C.,  are  given  by 
H.  Kopp,*  the  volume  of  the  solid  at  0°  being  taken  equal  to  1 : — 


Table  I.  —  Cubical  Expansion  or  Solids. 


Sabttanoe. 

Fonnala. 

Copper 

Lead.  .......... 

Cu 
Pb 

Tin  

Sn 

Iron 

Fe 

Zinc* •• 

Zn 

Cadmium 

Bismuth 

Antimony  .... 

Sulphur 

Oalona.... 

Cd 
Bi 
Sb 
S 
PbS 

Zinc-blendo .. 
Iron  pyrites  . 
Rntile 

ZnS 
FcSg 
Ti()« 

Tin  stone 

Iron-glance... 
Magnetic  iron 

ore  

Fluor-spar  ... 

SnO, 
Fe,0, 

Fe,0, 
CaF 

CnUcal  Exp. 
fcrioc. 


Sobstanoa. 


OOOOa'51 
0000089 
0000069 
0-000037 
0000089 
0000094 
0-000040 
0000038 
0000188 
OOOOOCS 
000003G 
0000034 
0-000032 
0000016 
0000040 

0000029 
0000062 


Arragonite... 
iCalcspar 


Bitterspar .... 


Iron-spar 

[  Heary  spar .. 


Coclestin 
Quartz, 


Formula 


{.J 


Ortboclase  . 

Soft     soda 
glass 


Another  sort 
.Hard  potash 
glass 


CaO.CO, 

CaO.CO, 

CaO.CO,      \ 

MgO.CO,      / 
f  Fe(Mn,Mg)0. 
I  CO, 

BaO.SO, 

Srt>.SO, 

SiO.  { 

f      KO.SiO,       \ 
\  +Al,0,.8SiO,  / 


} 


Oabieal 
tor  loa 


0000066 
0000018 

0-000085 

0000085 

0-000058 
0000061 
0000042 
0000089 
0-000026 
0000017 

0000026 
0000024 

0*000021 


The  mode  of  experimenting  consisted  in  taking  the  specific  gravity  of  the  solid 
substance  at  a  lower  and  at  a  higher  temperature,  by  ascertaining  the  quantity  of 
water  together  with  a  known  weight  of  the  solid  substance,  and  also  the  quantity 
of  water  alone,  which  filled  a  vessel  of  constant  capacity  at  the  different  tempera- 
tures. The  determinations  in  the  instances  of  iron  and  glass,  and  the  second  de« 
terminations  of  quartz  and  orthoclase,  were  made  with  mercuiy  instead  of  water, 
and  calculated  in  a  similar  manner. 

Kopp  has  also  determined  the  expansion  of  some  other  solids,  especially  near 
the  melting  points.f    Most  bodies,  at  temperatures  near  their  melting  points, 


*  Ann.  Ch.  Pharm.  Ixzxi.  1. 


f  Ann.  Ch.  Pharm.  xoiii.  129. 

(687) 
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exhibit  a  sudden  increase  in  the  rate  of  expansion.  The  increase  of  Tolnme 
T^hich  a  substance  exhibits  in  the  fused  state,  as  compared  with  the  same  sub- 
stance at  lower  temperatures,  arises,  partly  from  the  great  expansion  whieh  it 
underprocs  as  it  approaches  the  melting  point,  partly  from  the  sudden  expaD^ion 
which  takes  place  in  fusing.  In  some  substances,  however,  only  one  of  these 
modes  of  expansion  is  at  all  considerable. 

Phofphorus  (the  yellow  modification),  of  sp.  gr.  1-826  at  10**  C.  (50^  P.), 
expands  uniformly  up  to  its  melting  point  44°  C.  (111*2°  F.),  at  which  teaipsin- 
ture  its  volume  is  1*017  of  the  volume  of  0°  C;  but,  at  the  moment  of  fu5i«jD,  it 
exhibits  a  sudden  expansion  amounting  to  3*4  per  cent.,  so  that  its  liquid  volome 
at44°C.  isl052. 

Sulphur  (native  crystals,  sp.  gr.  2*069)  expands  irrosularly  near  its  melting 
point  (115°  C.  or  239°  F.).  Its  volume  being  1  atO*°C.,  is  1010  at  oOH". 
(122°  F.);  1*037  at  100°  0.;  1096  at  115°  C;  at  the  moment  uf  fusion,  ih« 
expansion  amounts  to  5  per  cent.,  the  volume  then  increasing  to  1*150. 

Wax  (bleached  beeswax,  sp.  gr.  0*976  at  10°  C.)  expands  very  rapidly  «  it 
approaches  its  melting  point  (64°  C.  or  147*2°  F.),  but  only  0-4  per  cent.  ni«)it 
at  the  moment  of  fusion.  If  the  volume  at  0°  C.  is  1,  the  volume  at  r>0'  C. 
(122°  F.),  is  1068;  at  60°  C.  (14*0°  F.),  is  1128;  at  64°  C.  (147*2°  P.),  ii 
1.161,  and  increases  by  fusion  to  1*166. 

Water  expands  at  the  moment  of  freezing  by  about  10  per  cent.  1*1  Tolame 
of  ice  gives  1  volume  of  water  at  0°  C,  which,  when  heated  to  4°  C.  (39*2^  P}, 
contracts  to  0-99988,  but  expands  progressively  at  hisrher  temperatures,  its  voluma 
at  100°  being  1*043, 

Solid  hydrated  salfgy  on  the  contrary,  expand  at  the  moment  of  fusion :  f.  ff. 
chloride  of  calcium  (CaCl+6H0),  by  9*6  per  cent. ;  ordinary  phosphate  of  s^i 
2NaO.HO.POj  +  24HO)  and  hyposulphite  of  soda  (NaOSA+^HO;.  each  hj 
•1  per  cent. 

JRoHc's  fusible  metal  (2  parts  bismuth,  1  part  tin,  and  1  part  lead,  ff-  gr- 
8*906  at  10°  0.)  expands,  when  heated  from  0°  to  59°  C.  (32°  to  13>;*:i°  P).in 
the  ratio  of  1  to  1*0027;  but  contracts  when  further  heated,  its  vulunie  at  S2'C 
rl79*6°  F.)  being  c(|ual  to  that  at  0°  C,  and  at  95°  C.  (203°  F.)  equil  M 
0*9947 ;  in  fusing,  between  95°  and  98°  C,  it  expands  by  1*55  per  cent.,  so  ibt 
at  98°  C.  (208*4°  F.)  its  volume  is  equal  to  I'OIOI.  This  alloy,  thexditt, 
contracts  from  59°  C.  up  to  its  melting  point. 


EXPANSION  OF  LIQUIDS. 

M.  Pierre's  researches  on  this  subject  have  been  continued.*  The  expansfl* 
of  a  great  number  of  liquids  have  also  been  determined  by  U.  Kopp.f 

Pierre  concludes  from  his  experiments  that  isomeric  liquids  in  general  do  oi 
contract  equally  at  an  equal  number  of  degrees  below  their  n^pective  boiiisS 
points ;  an  exception  is,  however,  presented  by  acetate  of  methyl  (OjlIjO.C^HiW 
and  fomiiate  of  ethyl  (€41140.0,1103),  in  which  the  contraction  for  equal  iotcrnli 
below  the  boiling  points  appears  to  be  equal. | 

Table  II.  exhibits  the  contractions  of  several  groups  of  isomeric  liqvd%  ^ 
D°  centigrade  below  the  boiling  point,  as  determined  by  Pierre  and  by  Kopp. 

*  AnoAles  de  Chimie  et  de  Physique,  [3],  xzi.  118,  zzziii.  119. 

t  Pogg.  Ann.  Ixxii.  1  and  228;  and  Ann.  Ch.  Phorm.  zciii.  167:  zciv.  257;  ser.lffi 
xoTiii.  807. 

X  The  contrary  statement  originallj  mode  by  Pierre,  and  quoted  at  p.  87|  ef  tUi  viA 
was  founded  on  an  error  of  ealoalation. 
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Tablk  II.  —  Expansion  of  Liquids. 


0 
0 

5 

0 
0 


Aldehyde, 

C«Il40» 


Pierre 

(H.  I*.  --2°). 


10000 
9817 
9r>(i7 
9284 
9094 


Kopp 

(20-8°). 


10000 
9830 
9596 


Batyric  Arid, 


Pierre 

(160^. 


Kopp 


10000 
9872 
9688 
9453 
9288 
9128 
8781 


10000 
9807 
9077 
9439 
9271 
9112 
8705 


Acetate  of  Ethyl, 


Pierre 


10000 
9846 
9629 
9359 
9172 
8996 
8033 


Kopp 
(74-3°;. 


10000 
9843 
9622 
9352 
9165 
8988 


Chloride  of 
Ethylene, 

Pierre 
(84  »^). 


10000 
9077 
9331 
9008 


Mono- 

Mono- 

chlorinated 

chlorinated 

Chloride  of 

Chloride  of 

Kthvl, 

Ethylene, 

C4ll401». 

C^HsCls. 

Pierre 

Pierre 

(&4b«). 

(114-«). 

10000 

10000 

9069 

9093 

9300 

9350 

9003 

9090 

Biohlori- 

nnted 

Chloritio  of 

Klhyl, 

C4n3Cis. 

Pierro 
(74-90;. 


10000 
9048 
9207 
8988 


Formiate  of 
Ethyl, 

C«II«04. 


AcetHte  of 
Mothyl, 
CellaOi. 


Pierre  |    Kopp 
(52-90).  I  (04»"). 


Pierre 


0 
10 
25 
45 
60 
75 
110 


Kopp 
(66SO). 


10000 

9032 
9241 
8953 


10000 

10000 

9031 

9633 

9243 

9243 

8955 

10000 
9031 
9243 


D. 


0 
25 
55 
80 


^.pamion  of  water. — Table  III.  contains  the  results  obtained  by  Kopp,*  and 
ihose  of  Pierre  as  calculated  by  Frankenheim,*!"  with  regard  to  the  expansion 
iter  between  0°  and  100°  C.,  the  volume  at  zero  being  taken  as  the  unit. 


Table  III.  —  Expansion  op  Wateb. 


Voh 

ime. 

z 

'1 
Volume. 

ID. 

Temp. 

•I" 

Kopp. 

Pierre. 

b 

Kopp. 

Pierre. 

'C 

1  -003708 

19° 

1-001370 

1-001058 

1      20 

1-001567 

1-001694 

1-000582 
1-000000 

21 

1-001776 
1-001995 

1  000000 

0-999947 

:    23 

1  -002225 

0-999908 

3    -24 

1  -002465 

0-999885 

t 

\     25 

1-002715 

1-002708 

0-990877 

1      30 

1  -004064 

1-004071 

0-999883 

0-999890 

35 

1-005097 

1-005077 

0-999903 

40 

1-007531 

1-007512 

0-999938 

45 

1  009541 

1  009563 

0-999986 

50 

1-011700 

1-011816 

1  -00(X)48 

55 

1-014100 

1-014360 

1.000124 

1000148 

00 

1-010590 

1-017118 

1  0002 13 

05 

1  01 9302 

1-019947 

1-0(K1314 

70 

1  022246 

1  -022938 

1  000429 

75 

1-025440 

1-026078 

1  000550 

80 

1  -028581 

1029360 

1-000095 

1-000728 

85 

1  031 894 

1  032769 

1  -000846 

1 

90 

1035397 

1  -036294 

1-001010 

95 

10:^9094 

1  -030926 

1-001184 

i 

100 

1-042986 

1  043649 

Pogg.  Ann.  Ixxii.  228. 


f  Pogg.  Ann.  Ixzxvi.  461. 
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The  maximum  density  FraDkcnheim  finds,  from  the  same  data,  to  enst  at  Xl/t 
temperature  of  3-86°  C.  or  38-95**  F, ;  Play&ir  and  Joule*  fix  tlw  poiLt  of 
maximum  density  at  3-945°  C.  or  39-P  F. ;  Plucker  and  Ge8«ler,t  at  38^ C. 
or  38-8°  F. 

Absolute  expansion  of  mercury From  numerous  measurements  of  tie  pres- 
sures exerted  Dy  columns  of  mercury  of  equal  height,  but  different  teixi]>enLtora, 
Regnault  J  finds  that  if  the  volume  of  mercury  at  0°  C.  be  =  1,  the  volume  at  f 
of  the  air-thermometer  is  given  by  the  formula  — 

1  +  0000179007  t  +  00000000252316  f. 

Hence,  the  values  in 

Table  IV. — Expahsios  of  Mercubt. 


Tamp. 

Volume. 

1 

Temp. 

Vohine. 

60O 
100 
160 
200 

1009018 
1-018153 
1027419 
1036811 

250* 

800 

850 

1  046329 
1  055073 
1066743 

Militzer  has  also  determined  the  absolute  expansion  of  mercury  by  Nmilir 
means,  but  only  at  ordinary  temperatures,  the  temperature  of  the  colder  colnmo 
of  mercury  ranging,  in  his  experiments,  between  2^  and  4°  C,  and  that  of  tbe 
warmer  column  between  19^  and  23^.  The  mean  coefficient  of  expansioa  for  l^ 
deduced  from  these  experiments,  is  000017405  db0000000$2.§  The  experi- 
ments of  Dulong  and  Petit  (37,  38^  give  for  l""  the  coefficient  OOOOISOIS. 


SPECIFIC  HEAT. 


The  specific  heat  of  most  bodies  is  greater  in  the  liquid  than  in  the  solid  stite. 
The  following  determinations  are  by  Regnault :  — 


Table  V.  —  Sprxuic  Heat. 


Solid. 

1 
Liquid. 

Temperature. 

Sp.neat 

Temperature. 

SpuflUL    1 

1 

Lead • 

Oo  to      lOO**  C. 

—78    '«     —20 

0    "       100 

7&    M     —40 

0    "       100 

0    «       100 

0    "       100 

0    "       100 

10    "         80 

16    «         98 

below    0 

below    0 
0    to      100 
0    "       100 

00314 

008432 

005412 

00247 

0-2026 

008084 

00956 

00562 

01887 

01700 

0-502 

0-346 

0-27821 

0-23876 

850»    to     460*»C.  i    0  0402 
10      *(        48        >    AHM 

Bromine 

Iodine 

0     "      100 
120      "      160 
280      «      880 

250     '•      860 
50      "      100 

0      "        20 

38      "        80 
820      «      430 
350      *'      485 

OIOjC! 
0-033I 

Blercury 

Solphor 

0234 

Bismuth 

0-0<!63    ' 

Zino  

Tin 

0OCS7 

PhosphornB  

0-^120 

Amorphous 

Water 

l-OOOO    ■ 

CryBtalliied  chloride 
of  calcium 

0-555 

Nitrate  of  soda 

Nitrate  of  potash 

04IS     i 
0-3319 

•  Phil.  Mag.  r8],  xzx.  41.  f  Pog^.  Ann.  Izzzr.  2S8L 

t  <*  Relations  des  Experiences  entreprises,  pour  determiner  lea  prmdpAlea  lois  phja^ 
et  Tea  donn^es  numdriqnea  qui  entreat  dans  le  oalcnJ  des  machines  i  Yipeiir."    Farii^  W- 
2  Fogg.  Ann.  Izxz.  65. 
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le  YI.  exhibits  the  specific  heats  of  several  liquids  as  determined  by  H. 
*  and  by  Favre  and  Silbermann.f  The  second  column  shows  the  intervals 
perature  in  Kopp's  determinations.  Those  of  Favre  and  Silbermann  were 
)y  cooling  the  liquids  in  a  mercurial  calorimeter  of  peculiar  construction, 
bcir  several  boiling  points  to  temperatures  nearly  equal  to  that  of  the  sur- 
ng  atmosphere. 

Table  VL — SPECinc  Heat. 


Liquids. 


iry 


mc 

uric  acid 
-spirit  .... 


ol., 
-oil . 


c  acid 

;  acid 

ic  aciti 

ate  of  ethyl 
te  of  methyl 
te  of  ethyl . . 


ate  of  methyl 

ito  of  methyl 

nc  

le 

mustard 

turpentine . .. 


Temperature. 


440    to    240  c. 


46  «•  11 

46  "  21 

43  «*  23 

43  "  23 

44  '«  26 


45  "  24 

45  «»  24 

45  "  21 

89  "  20 

41  "  21 

45  ««  21 

45  "  21 

45  "  21 
41  "  20 

46  "  19 
48  **  28 


Sp.  Heat 


0-0332 

0-10822 

0107 

0-343 

0-645 

0-6713 

0-615 

0-6438 

0-664 

0-5873 

0-5059 

0-50342 

0-536 

0-509 

0-603 

0-613 

0-607 

0-496 

0-48344 

0-487 

0-49176 

0-491 

0-630 

0-450 

0432 

0-46727 


Obaenrers. 


Kopp. 

F.  8. 

Andrews. 

Kopp. 

Kopp. 

F.  8. 

Kopp. 

F.  S. 

Kopp. 
ii 

F.  8. 

(( 

Kopp. 
i< 

It 

u 
<< 
(i 

F.  8. 

Kopp. 

F.  8. 

Kopp. 
t( 

ti 

ti 

F.  8. 


specific  heat  of  water  at  diifcrent  temperatures  has  been  determined  by 
lit,  J  from  whose  experiments  it  appears  that  the  quantity  of  heat  expressed 
-units  §  which  one  gramme  of  water  loses  in  cooling  down  from  t^  to  0°  C. 
n  by  the  formula  — 

Q=t  +  000002  e  +  00000003  /»; 

e  specific  heat  G.  at  the  temperature  <°,  that  is  to  say,  the  quantity  of  heat 
;d  to  raise  one  gramme  of  water  from  i°  to  (^  +  1°),  is  — 

C  =  1  +000004  i  +  00000009  f, 

ihis  formula,  the  following  numbers  are  obtained :  — 

Table  VII. — Specific  Heat. 


a 

C. 

t 

Q- 

0. 

0-000 

60  087 
100-500 

10000 
1-0042 
10130 

150O 

200 

230 

161-462 
203-200 
234-708 

1-0262 
10440 
0-0668 

Cjr.  Ann.  Ixxv.  98 

dlations/'  &c.  (see  note,  p.  640),  729. 

41 
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ty  of  heat  required  to  convert  ice  at  0^  C.  into  water^  but  not  the  total 
by  of  the  latent  heat  in  the  water,  inasmuch  as  a  certain  additional  portion 
t  is  rendered  btent  aa  the  temperature  of  the  ice  rises  from  —  2^  to  0^.* 
experiments  on  the  fusion  of  ice  previously  cooled  to  temperatures  between 
and  — 21°,  the  latent  heat  was  found  to  vary  between  79  9  and  80-1,  the 
:juantity  being  80°  C,  or  144°  Fah.  Kegnault  also  found  greater  values 
t  latent  heat  of  water  in  proportion  as  the  ice  used  in  the  experiments  had 
oolcd  to  a  lower  temperature.  According  to  Hess,  the  true  latent  heat  of 
is  80-34°  C.  =  144-6  Fah.  For  the  specific  heat  of  ice,  Hess  finds  the 
r  0*533 ;  Person  finds  0-48  for  the  temperatures  between  — 21°  and  — 2°, 
3cific  heat  of  water  being  1. 

le  IX.  contains  the  latent  heats  effusion,  and  the  melting  points  of  varioofl 
as  determined  by  Person. f 

Taole  IX.  —  Latent  Heat  op  Fusion. 


Substances. 


MelUng  point 


Latent  Heat 


Jth  

PbVsnj,'Bis.'..V.....*.' ."....!.*".!!./.!"! 

,  PbSnglU  

>borus  

ur  

:e  of  Soda 

:e  of  Potash  

:ture  of  1  cq.  Nitrate  of  Soda  and  1  eq.  Nitrate 

^otash 

hate  of  Soda,  2Na(),  HO,  POg  +  24HO 

de  of  Calcium,  CaCl,  6H0 

wtix  (yellow) 


2350 

270 

832 

96 
145 

44-2 
115 
8106 
839 

219-8 
86-4 
28-5 
620 

423  0 


C. 


14-3 

12-4 
616 
6-96 
7-63 
4-71 
9-176 

62-98 

4618 

61-4 

66-80 

40-70 

43-61 

27-46 


LATENT  HEAT  OF  VAPOURS. 

IT.  —  It  is  stated  at  p.  70,  of  this  work,  that  the  sura  of  the  latent 
isiblc  heats  of  steam  is  the  same  at  all  temperatures.  This  is  commonly 
as  Watt's  law.  Southern,  on  the  other  hand,  maintained  that  the  latent 
)ne  is  constant  at  all  tempcraturesi  But  the  late  elaborate  researches  of 
lit  J  have  shown  that  both  these  statements  are  incorrect,  and  that  the  total 
y  of  heat  (expressed  in  heat-units§),  which  a  unit  of  weight  of  saturated 
s  vapour  contains  at  the  temperature  <°  centigrade,  exceeds  the  amount 
ed  in  the  same  weight  of  water  at  0°,  by  the  quantity  — 

3c  =  606-5  + 0-305  ^ 

I  this,  we  subtract  the  quantity  of  heat  which  a  unit  of  weight  of  water  at 
dns,  beyond  that  which  is  contained  in  the  same  weight  of  water  at  0° 
ignault's  determinations  of  the  specific  heat  of  water  at  different  tempera- 


.  Ch.  Phjs.  [8],  XXX.  73. 

g.  Ann.  Ixx.  300 ;  Ann.  Ch.  Phys.  [3],  xxvii,  260. 

Mations  dcs  Experiences,"  &c.  (see  Note,  p  640),  271;  also  "Works  of  Cavendish 

nit  of  heat  is  the  quantity  required  to  raise  the  temperature  of  a  unit  of  weight 
De,  1  pound,  &o.)  of  water  at  0°,  by  1®  Centigrade. 
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TENSION  OF  VAPOURS. 

legnault*  has  made  a  vast  number  of  observations  on  the  tension  of  aqneons 
)urin  vacuo,  between  the  temperatures  of  —  32°  and  +  147-5°  C,  and  given 
lulsd  of  interpolation  for  calculating  the  tension  at  any  given  temperature 
reen  those  limits. 
or  temperatures  between  0°  and  100°  the  interpolation  formula  is  — 

log.  c  =s  a  +  W  +  fjS'; 

'hich  t  denotes  the  temperature,  e  the  tension,  and  a,  h,  c,  a,  J3  are  constants 
se  values  are  determined  by  five  equations  of  condition,  obtained  by  substitu- 
in  the  preceding  equation  the  corresponding  observed  values  of  t  and  e  for  the 
peratures  0°,  25°,  50°,  75°,  and  100°.  (See  Table,  p.  74).  The  values 
I  obtained  are  — 

log.  a  =  0006865036  log.  c  =  0-6116485 

log.  /3  =  1-9967249  a  =:  +  4-7384380. 

log.  h  =  2-1340339 

or  temperatures  below  0°,  Regnault  adopts  the  formula — 

e  =  a  +  ha*', 
'hich  — 

a:=  <  — 32;  log.  5  =  1-4724984;  log.  a «  00371566 ; 

a  =  +  0131765. 

'or  temperatures  above  100°  C.  the  interpolation  formula  is  — 

log.  e  =  a—  6o';  x^  t — 100° ; 
rhich  — 

log.  a  =  1-9977641;  log.  h  =  0-4692291 
a  =  +  5-8267890. 

<  has  not  yet  been  found  possible  to  include  the  whole  series  of  observations  in 
formula  of  interpolation. 

rom  the  first  and  second  of  these  formuko,  the  following  table  of  tensions  f  is 
nlated  for  every  half  degree  between  — 10°  and  +  35°.  This  table  (which 
10  one  alluded  to  in  the  note  at  page  93,)  is  of  great  utility  in  hygrometrio 
irvations : — 

*  Ann.  Ch.  Pbya.  [3],  xi.  273.  f  -^n-  Ch.  Pbys.  [8],  xv.  188. 
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Table  XIL 


Tention  of  Aqueous  Vapour  from  — 10^  to  4.80^  C. 


Degrees* 

Tendon. 

IHO:   j 

Dtgnet, 

Tenrion. 

Diff.   i 

1 

1 
DcgTtefc 

Te&rsco.    ! 

Die 

mm. 

' 

mm. 

mm. 

—10-0 

2  078 

+  50 

0-534 

+  200 

17-301 

054 

9-6 

2-108 

0-090 

5-5 

6-763 

0-229 

20-5 

17-^5  5 

u-se 

90 

2-261 

0-098 

60 

6-998 

0-235 

21-0 

18-43.> 

0-57 

8-6 

2-356 

0-095 

0-5 

7-242 

0-244 

21-5 

i9-o»yj  ' 

0-69 

.       8-0 

2-456 

0100 

7  0 

7-492 

0-250 

22  0 

19-0:>0 

060 

•       7-6 

2-561 

0-105 

7-5 

7-761 

0  259  ^ 

22-5 

20-2»yj 

0-02 

70 

2-666 

0105 

8  0 

8017 

0-2r»5  ^ 

23  0 

20-?S8 

o-« 

6-6 

2-776 

0-110 

8-5 

8-291 

0-274  S 

215 

21  •5-:!' 

OCJ 

60 

2-890 

0114 

9-0 

8-574 

0-283  ' 

240 

22-1  ^4 

0-6: 

6-6 

8-010 

0120 

i        9-5 

8-865 

0-291  \ 

21  5 

22  >o»* 

0« 

50 

8-131 

0121 

100 

9-165 

0-300  ■ 

2.">-0 

2:5-r.r,0 

071 

46 

8-257 

0126 

10-5 

9-474 

0-3l>9  : 

255 

24-2iU 

0?: 

40 

8-387 

0-130 

11-0 

9-792 

0-318  J 

26  0 

24'.<,v> 

on 

8-5 

8-5J2 

0-13.) 

J      11-5 

10-120 

0-328  1 

26-5 

2573? 

0-i< 

8  0 

8-602 

0140 

f      120 

10-457 

,  0  337  ] 

27  0 

2JV0II5 

on 

2-6 

3-807 

0-145 

12-5 

10-804 

0  847  i 

27-5 

27  ^'.i  4 

o-a 

20 

8-955 

0-148 

130 

1M02 

0-358  i 

280 

28-101 

OS 

1-6 

4-109 

0-154 

13-5 

11-530 

0-868  i 

28-5 

28-9:n 

0-8i 

10 

4-207 

0158 

140 

11-908 

0-378 

29  0 

.  29  7H2 

o-s 

0-5 

4-430 

0163 

145 

12-298 

0-890 

29-5 

30r:.'»4 

o-« 

00 

4-000 

0-170 

15-0 

12-099 

0-401 

;:o-o 

31  :.!< 

0^ 

+  0-6 

4-767 

0167 

15-5 

13112 

0-413 

30-5 

32-4»",: 

0-ft 

10 

4-940 

0-173 

16-0 

13-536 

0-424  = 

81-0 

33  405 

0^ 

1-6 

6-118 

0-178 

!      10-5 

13-972 

0-436  ' 

81-5 

343'*3 

0^ 

20 

5-302 

0184 

170 

14-421 

0-449  : 

320 

35-3o9 

1« 

2-6 

5-491 

0-189 

17-5 

14-882 

0-461  \ 

32-5 
83-0 

80-370 

1« 

80 

5-687 

0-190 

180 
'      18-5 

15-357 

0-475 

87.410 

1« 

8-5 

5-889 

0-202 

15-845 

0-488 

33-5 

88-473 

1« 

40 

6097 

0-208 

\      190 

16-846 

0-501 

34-0 

39  oO-'y 

Ml 

4-6 

6-818 

0-216 

S      19-6 

16-861 

0-515 

84-5 

40G80 

1-U 

85.0 

41-b27 

Regnault  has  also  determined  the  tensions  of  several  other  liquids  in  ru 
The  results  (given  in  Table  XIII.)  were  obtained  either  by  direct  rocasnrHi 
of  the  elastic  forces  in  vacuo,  or  by  determining  the  temperature  of  the  vapM 
a  boiling  liquid  under  the  pressure  of  an  artificial  atmosphere.  The  former  md 
was  adopted  for  low,  the  latter  for  high  temperatures.  The  scries  of  cxperiai 
made  by  the  two  methods  were,  however,  in  all  cases  made  to  include  a  eri 
common  range  of  temperature,  so  that  the  corresponding  curves  of  tenmoo  M 
overlap  each  other  within  that  range.  With  liquids  which  could  be  obtaioel  ] 
fectly  pure,  such  as  water  and  sulphide  of  carbon,  the  two  curves  thus  oM 
were  found  to  coincide  exactly ;  but  with  alcohol,  ether,  and  still  more  with  c 
roform,  which  are  more  difficult  to  purify,  the  presence  of  foreign  sabstiDOSil 
rifle  to  more  or  less  divergence  in  the  results.  Thus  the  tension  of  chkm 
Tapour  at  86^,  was  found  to  be  342  2  mm.  by  the  first  method,  and  313-4 1 
by  the  second.  Regnault  finds  that  an  extremely  small  amount  of  impoxitf  I 
be  detected  in  this  manner. 
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Table  XIII.  —  TursiOK  or  Vapoubs. 


Ttmperatara. 

Alcohol. 

Ether. 

Sulphide  of  CerboB. 

OQofTnrpentlne. 

nun. 

BUD. 

nun. 

mm. 

— 210  C. 

8-12 

—20 

8-84 

69-2 

— 16 

58-8 
790 

—10 

6-50 

118-2 

0 

12-73 

182-8 

127-3 

2-1 

10 

24-08 

286-5 

199-8 

180-4 

2-8 

20 

44-00 

434-8 

298-2 

190-2 

4-8 

80 

78-4 

687-0 

434-6 

276-1 

7-0 

40 

184-10 

918-6 

617-5 

364-0 

11-2 

50 

220-3 

1268-0 

852-7 

624-8 

17-2 

60 

8500 

1730-8 

1162-6 

788-0 

26-9 

70 

539-2 

2809-5 

15490 

976-2 

41-9 

80 

812-8 

2947-2 

2080-5 

1867-8 

61-2 

90 

1190-4 

8899-0 

2623-1 

1811-5 

91-0 

100 

1685  0 

4920-4 

8321-3 

2854-6 

184-9 

110 

2351-8 

6249-0 

4136-8 

8020-4 

187-8 

116 

7076-2 

6121-6 
6260-6 
7029-2 

8818-0 
4721-0 

2570 
847-0 

462-8 

120 

3207-8 
4351-2 

130 

136 

140 

5637-7 

•••••.. M 

150 

7257-8 
7617-8 

604-6 

152 

100 

777-2 
9890 
1225-0 
1514-7 
1865-6 
2251-2 
2690-8 
2778-6 

170 

180 

•••..••.« 

190 

200 

••  •••eee« 

210 

220 

222 

Vapours  of  saline  solutions. — It  is  well  known  that  tho  boiling  point  of  a  saline 
olation  is  higher  than  that  of  pare  watcr^  the  affinity  of  the  water  for  the  salt 
leing,  in  fact,  an  additional  obstacle  which  the  heat  must  overcome  before  ebol- 
ition  can  take  place.  Nevertheless,  it  appeared  to  Rudberg  that  the  vapours 
ising  from  such  solutions  do  not  exhibit  a  higher  temperature  than  steam  from 
toiling  water ;  a  result  which  was  attributed  to  the  sudden  expansion  which  the 
apour  undergoes  at  the  moment  of  escaping  from  the  liquid.  Regnault  finds^ 
lowever,  that  a  thermometer  having  its  bulb  immersed  in  tho  vapour  of  a  boiling 
aline  solution  does  not  give  a  correct  indication  of  the  temperature  of  that  vapour, 
lecause  the  bulb  becomes  covered  with  a  film  of  condensed  water,  and,  therefore, 
be  thermometer  exhibits  only  the  temperature  duo  to  the  boiling  of  that  water, 
tot  when  proper  precautions  are  taken,  by  the  interposition  of  screens,  to  prevent, 
8  &r  as  possible,  this  deposition  of  water,  the  temperature  of  the  vapour  appears 
lery  nearly  equal  to  that  of  the  liquid.  It  is,  however,  extremely  difficult  to 
amove  this  source  of  error  completely. 

The  observation  of  the  elastic  force  of  a  vapour  arising  from  a  saline  solution 
ppcars  to  affi)rd  excellent  means  of  detecting  chemical  changes  in  the  constitutioQ 
f  the  liquid,  every  such  change  being  indicated  by  the  occurrence  of  a  singular 
winl  in  the  curve  which  represents  Uie  law  of  the  tension.  For  example,  m  the 
lae  of  salts,  liko  tho  sulphates  of  sodium,  copper,  iron,  manganese,  &c.,  which 
[yatallizc  at  different  temperatures  with  different  proportions  of  water,  Regpiaolt 
iggests  that  tho  variations  in  the  tension  of  the  vapour  might  indicate  whether 
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pour  is  much  less  than  the  sum  of  the  separate  tensions.     With  ether  and  water 
scarcely  differs  from  the  tension  of  the  ether-vapour  alone ;  thus : — 


Table  XVI. 


Temperature. 

Tendon  of 
water-Tapour. 

Teniion  of 
ether-rapour. 

Sum  of  tensions. 

Obserred  tension  of 
mixed  Tapoor. 

15-660  C. 

24-21 

3308 

mm. 
1316 
22-47 
37-58 

mm* 
861-8 
5100 
711-1 

mm. 
874-90 
532-47 
748-68 

mm. 
862-95 
51008 
710-02 

When  the  mixed  liquids  dissolve  in  one  another  in  all  proportions,  the  tension 
the  mixed  vapour  is  in  most  cases  greater  than  that  of  the  less  volatile,  hut 
IS  than  that  of  the  more  volatile  substance ;  such,  for  example,  is  the  case  with 
Ixtures  of  ether  and  sulphide  of  carbon.  In  a  mixture  of  benzol  and  alcohol, 
wever,  the  tension  of  the  mixed  vapour  is  greater  than  that  of  either  of  the 
parate  vapours.     With  thb  mixture  Kegnault  obtained  the  results  given  in*- 


Tablb  XVII. 


Temperatare. 

Tension  of  rapour. 

Of  tbo  mixture 

Of  alcohol. 

Of  benioi. 

7-22°  C. 

4317 

40-4 

20-1 

9-98 

50-22 

46-8 

24-2 

1311 

59-66 

54-4 

29-2 

1605 

69-43 

62-7 

85-0 

18-69 

79-35 

710 

410 

VVhen  the  liquids  do  not  mix,  but  dispose  themselves  in  layers,  the  more  vola- 
'  liquid  forming  the  lower  stratum,  and  the  ebullition  being  but  feeble,  the  tem- 
Pature  and  corresponding  vapour-tension  agree  with  Gay-Lussac's  law.  But 
th  a  brisk  fire  and  violent  ebullition,  the  temperature  remains  nearly  at  the 
^\t  at  which  the  more  volatile  liquid  would  boil  by  itself  under  the  same  pressure. 


CONDUCTION   OP  HEAT. 

In  metah. — From  the  experiments  of  Wiedemann  and  Franz,*  it  appears  that 
i  metals  follow  each  other  with  regard  to  their  heat-conducting  power,  in  the 
ne  order  as  with  regard  to  their  power  of  conducting  electricity;  and,  more- 
ir,  that  the  numbers  which  express  their  relative  heat-conducting  powers,  do 
;  differ  from  those  which  express  their  relative  powers  of  conducting  electricity, 
re  than  the  latter  numbers,  as  determined  by  dififerent  observers,  differ  from 
h  other. 

rhe  heat-conducting  power  of  metals  appears  also  to  diminish  as  their  tempera- 
9  rises. 


*  PhiL  Mag.  [4],  viL  88. 
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£lectri&«onductiiig  power  aeeonling  to 

HcttUoeBlnCUaj; 

MeUJ*. 

Bless. 

BeoquereL 

Lens. 

power. 

CoDDor .  .•••.•  ...... 

100 
60-7 
69  0 
18-4 
10-0 
12  0 

"7*6 

10-6 

5-9 

100 
91-5 
64-9 

14  0" 

12-36 

•••••• 

8-27 
7-93 

100 
73-3 
58-5 
21-5 
22-6 
130 
■••  •■« 
10-7 
10-3 

100 

Gold 

532 

Brass  4... 

•J:rG 

Tin 

14o 

Iron  ...• 

Steol  - 

no 

116 

liCud  •••■ 

60 

Platinum 

8-4 

German  silver  ... 
Bismuth 

•  •••••                                           ••••••                                                   V  •> 

1-9                          1-8 

Conduction  of  lieat  in  ctystallized  bodies.  —  Bodies  of  pcrfcctlv  TioinoL:?nM« 
Btnicture  coDduct  heat  with  equal  facility  in  all  directions ;  so  likewise  do  itt^uI- 
lizcd  bodies  belonging  to  tbe  regular  system ;  but  in  crystals  belong! ni:  t>  art 
otber  system,  the  rate  of  conduction  is  different  in  different  directions.  Tlii«  ni> 
ject  bas  been  very  ingeniously  investigated  by  Scnarmont,*  whose  nieth«>d  of  ib- 
sorvation  was  as  follows :  —  A  small  tube  of  platinum  was  inserted  tliixmL'li  t^.« 
centre  of  a  flat  cylindrical  plate  of  tbe  crystal,  in  the  direction  of  tbe  a^l«.  the 
tube  being  bent  at  right  angles  at  the  lower  extremity  and  heated  by  a  laoip.  aad 
a  current  of  air  made  to  pass  through'  the  tube  by  moans  of  an  aspirat^T.  Tb< 
two  bases  of  the  cylindrical  plate  were  covered  with  wax,  which,  bciiii;  melted  bj 
the  heat,  traced  on  the  surface  a  curve  line,  whose  form  was  determined  bytltc 
conducting  power  of  the  crystal  in  different  directions.  Flatcs  of  non-cxyftalli&e 
substances,  such  as  glass  and  zinc,  treated  in  this  manner,  gave  circles  bans* 
their  centres  in  the  axis  of  the  platinum-tube.  On  a  plate  of  calc-sjMjry  cut  per- 
pendicularly to  the  axis  of  symmetry  (the  optic  axis),  the  curves  are  circles  iritk 
their  centres  in  the  axis.  Ou  plates  parallel  to  the  direction  of  natural  cloars^ 
the  curves  arc  also  circles,  having  a  slight  tendency  to  elongate  in  the  diroction  J 
the  principal  section.  On  plates  cut  parallel  to  the  axis  of  symmetrv.  and  tf 
right  angles  to  one  of  the  faces  of  the  primary  rhombohedron,  the  curves  iit 
ellipses,  having  their  transverse  diameter  in  the  direction  of  the  axis  of  ^jno^ 
try.  The  ratio  of  the  axes  of  the  ellipse  thus  formed  is  1-]18:1.  Finifar 
results  are  obtained  with  quartz,  the  ratio  of  the  axes  being  I'ol  :  1 ;  al^o«iA 
crystals  belonging  to  the  square  prismatic  system,  such  as  nitilc,  idoora.«o,  and  n^ 
chloride  of  mercury.  In  crystals  belonging  to  the  right  prismatic,  oblique  prin 
matic,  and  doubly  oblique  prismatic  systems,  —  that  is  to  say,  in  crystaL  Liriaj 
two  axes  of  double  refraction, — three  directions  are  found  at  right  angles  to  oA 
other,  in  which  the  thermal  curves,  obtained  in  the  manner  above  described,  tii 
ellipses.     Ilencc  it  is  inferred  that : — 

1.  In  crystalline  media  having  two  optic  axes,  supposing  the  medium  to  be  is- 
definitely  extended  in  all  directions,  and  a  centre  of  heat  to  exist  within  it,  tke 
isothermal  surfaces  are  ellipsoids  with  three  unequal  axes. 

2.  In  crystals  with  one  optic  axis,  the  isothermal  surfaces  arc  ellipsoids  of  icr^ 
lution  round  that  axis. 

3.  In  crystals  belonging  to  the  regular  system^  snd  in  homogeneous  uncritt)- 
lized  media^  the  isothermal  surfaces  are  spherical. 


*  Ann.  Ch.  Phys.  [8],  zxi.  4& 
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Uncrystallized  bodies,  however,  acquire  axes  of  different  heat-coDducting  power 
when  their  molecalar  structure  is  altered  by  pressure,  traction,  or  hardening. 
Plates  of  glass  subjected  to  lateral  pressure,  and  heated  in  the  manner  above  de- 
scribed, exhibit  distinct  thermic  ellipses,  having  their  shorter  axes  in  the  direction 
of  the  pressure,  that  is,  of  the  greatest  density  (Senarmont).  It  is  well  known 
that  glass,  and  other  transparent  non-crystalline  bodies,  when  similarly  treated, 
acquire  the  power  of  double  refraction. 

Crystalline  media  likewise  exhibit  peculiar  characters  in  the  transmission  of  heat 
by  radiation  as  well  as  by  conduction.  Through  crystals  with  one  optic  axis,  heat 
is  radiated  in  different  quantity  and  also  of  different  quality  (p.  56),  according 
as  it  passes  in  a  direction  parallel  or  perpendicular  to  that  axis.  In  crystals  with 
two  optic  axes,  the  quantity  and  quality  of  the  transmitted  heat  differ  according 
as  the  direction  of  transmission  coincides  with  one  or  other  of  the  three  axes  of 
elasticity  (Knoblauch).* 

Conducting  povcer  of  wood.  —  The  dependence  of  heat-conduction  upon  mole- 
cular arrangement  is  exhibited  by  organic  structures  as  distinctly  as  by  crystalline 
media.  This  subject  has  been  very  ingeniously  itivestigated  by  Dr.  Tyndall,f 
who  has  examined  the  conducting  power  of  various  organic  substances,  especially 
of  wood.  The  bodies,  cut  into  cubes  of  equal  size,  were  enclosed  between  two 
chambers  filled  with  mercury,  that  liquid  being  confined  on  the  sides  next  tho 
cabc  by  membranous  diaphragms,  with  which  the  cube  was  in  close  contact.  The 
mercur}-  in  one  of  the  chambers  was  heated  by  a  spiral  of  platinum  wire  immersed 
in  it,  and  connected  with  a  galvanic  battery.  The  heat  thus  generated  was  trans- 
mitted through  the  organic  substance  to  the  mercury  in  the  other  chamber,  and 
the  quantity  of  heat  thus  communicated  in  a  given  time,  was  measured  by  means 
of  a  thermo-electric  couple  connected  with  a  galvanometer.  By  transmitting  heat 
in  this  manner  through  cubes  of  wood  in  different  directions,  it  was  found  that : 

At  all  points  not  situated  in  the  centre  of  the  tree,  wood  possesses  three  unequal 
axes  of  calorific  conduction.  The  first  and  principal  axis  is  parallel  to  the  fibres 
of  the  wood;  the  second  and  intermediate  axis  is  perpendicular  to  the  fibres  and 
to  the  ligneous  layers ;  and  the  third,  and  least  axis,  is  perpendicular  to  the  fibro 
ftnd  parallel  to  the  layers. 

Those  axes  of  heat-conduction  coincide  with  the  axes  of  elasticity,  which 
Savart  discovered  by  obser\ing  tho  figures  of  sand  formed  on  plates  of  wood 
when  thrown  into  acoustic  vibration.  The  same  directions  are  likewise  axes  of 
cohesion  and  of  pcrmeahiliti/  to  liquids.  Wood  of  any  kind  may  be  most  easily 
Bplit  by  laying  the  blade  of  the  cutting  instrument  parallel  to  the  fibres  and  across 
the  annual  rings ;  the  direction  of  least  cohesion  is,  therefore,  perpendicular  to 
the  fibres,  and  parallel  or  tangeniUil  to  the  rings.  The  direction  of  greatest  re- 
sifitance  is  parallel  to  the  fibres.  With  regard  to  permeability,  it  is  well  known 
that  plates  of  wood  cut  perpendicularly  to  the  fibres  are  not  fit  for  the  bottoms  of 
casks  to  hold  liquids;  also,  that  in  cutting  staves  for  casks,  it  is  indispensable  to 
eat  them  across  the  woody  layers,  the  direction  parallel  to  the  layers  being  that  of 
least  permeability. 

It  may,  therefore,  be  stated  as  a  general  law,  that :  the  axes  of  calorific  con- 
duction i7t  uTOod  coincide  with  the  axes  of  elasticityj  cohesion  and  permeability 
to  liquids,  the  greatest  with  the  greatest,  and  the  least  with  the  least. 

The  heat-conducting  power  of  wood  does  not  bear  any  definite  relation  to  its 
density.  American  birch,  which  is  one  of  tho  lightest  woods,  conducts  heat 
better  than  any  other.  Oak  and  Coromandel  wood,  which  are  very  dense,  con- 
duct nearly  as  well;  but  iron-wood,  which  has  the  enormous  density  of  1'426,  is 
very  low  in  the  scale  of  conduction. 

*  Pogg.  Ann.  lixxv.  169;  xciv,  ICl.  \V\n\.  Mag.  [4],  vi.  121. 
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Fzo.  206. 


to  revolve  in  without  touching,  the  oCher  for  the  ioicrtion  of  a  thermometer.  ^  A 

similar  apparatus,  but  made  of  iron,  and  of  smaller  sise,  having 
six  rotatory  and  eight  sets  of  stationary  vanesf  was  used  for  ex- 
periments on  the  friction  of  mercurv.  The  apparatus  for  the  fric- 
tion of  solids  consisted  of  a  vertical  axis  carrying  a  bevelled  cast- 
iron  wheel,  against  which  a  fixed  bevelled  wheel  was 
pressed  by  a  lever.  The  wheels  were  enclosed  in  yiq,  207. 
a  oast-iron  vessel  filled  with  mercury,  the  axis  pass- 
ing through  the  lid.  In  each  apparatus  motion  was 
given  to  the  axis  by  the  descent  of  leaden  weights 
suspended  by  strings  from  the  axes  of  two  wooden 
pulleys  Wj  one  of  which  is  shown  at  p  Tfig.  208), 
their  axes  being  supported  on  friction- wneels  dd; 
and  the  pulleys  were  conoected  by  fine  twine  with  a 

wooden  roller  r,  which,  by  means  of  a  pin,  could  be  easily  attached  to  or  removed 

firom  the  friction  apparatus. 


Fig.  208. 


The  mode  of  experimenting  was  as  follows :  The  temperature  of  the  frictional 
apparatus  having  been  ascertained,  and  the  weights  wound  up,  the  roller  was 
fixed  to  the  axis,  and  the  precise  height  of  the  weights  ascertained,  after  which 
the  roller  was  set  at  liberty,  and  allowed  to  revolve  till  the  weights  touched  the 
floor.  The  roller  was  then  detached,  the  weights  wound  up  again,  and  the  friction 
renewed.  This  having  been  repeated  twenty  times,  the  experiment  was  concluded 
with  another  observation  of  the  temperature  of  the  apparatus.  The  mean  tem- 
perature of  the  apartment  was  ascertained  by  observations  made  at  the  beginning, 
middle,  and  end  of  each  experiment.  Corrections  were  made  for  the  effects  of 
radiation  and  conduction ;  and,  in  the  experiments  with  water,  for  the  quantities 
of  heat  absorbed  by  the  copper  vessel  and  the  paddle-wheel.  In  the  experiments 
with  mercury  and  cast-iron,  the  heat-capacity  of  the  entire  apparatus  was  ascer- 
tained by  observing  the  heating  effect  which  it  produced  on  a  known  quantity  of 
water  in  which  it  was  immersed.  In  all  the  experiments,  corrections  were  also 
snade  for  the  velocity  with  which  the  weights  came  to  the  ground,  and  for  the 
friction  and  rigidity  of  the  strings.  The  thermometers  used  were  capable  of  in- 
dicating a  variation  of  temperature  as  small  as  ^J^y  of  a  degree  Fahrenheit. 

The  following  table  contains  a  summary  of  the  results  obtained  by  this  method ; 
the  second  column  gives  the  results  as  they  were  obtained  in  air ;  the  third  column, 
tlic  same  results  corrected  for  a  vacuum. 
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For  the  impact  of  two  molecules,  unless  it  takes  place  eznctlj  in  the  line  joining 
their  centres  of  gravity,  must  give  rise  to  a  rotatory  motion ;  and,  moreover,  the 
ultimate  atoms  of  which  the  molecules  are  composed  may  be  supposed  to  vibrate 
"within  certain  limits,  beings  in  fact,  thrown  into  vibration  by  the  impact  of  tho 
molecules.  This  vibratory  motion  is  called,  by  Clausius,  the  motion  of  the  con- 
stituent atoms  (^Bcwegungen  der  Bestandtheile),  The  total  quantity  of  heat  in  the 
gas  is  made  up  of  the  progressive  motion  of  the  molecules,  together  with  tho 
vibratory  and  other  motions  of  the  constituent  atoms;  but  the  progressive  motion 
alone,  which  is  the  cause  of  the  expansive  tendency,  determines  the  temperature. 
Now,  the  outward  pressure  exerted  by  the  gas  against  the  containing  envelop, 
arises,  according  to  our  hj'pothcsis,  from  the  impact  of  a  great  number  of  gaseous 
molecules  against  the  sides  of  the  vessel.  But,  at  any  given  temperature,  that  is, 
with  any  given  velocity,  the  number  of  such  impacts  taking  place  in  a  given  time, 
must  vary  inversely  as  the  volume  of  the  given  quantity  of  gas;  hence  thepres- 
ture  varies  inversely  as  the  volume y  or  directly  as  the  density ^  which  is  Mariotte's  law. 

When  the  volume  of  the  gas  is  constant,  the  pressure  resulting  from  the  impact 
of  the  molecules  is  proportional  to  the  sum  of  the  masses  of  all  the  molecules 
multiplied  into  the  squares  of  their  velocities ;  in  other  words,  to  the  so-called 
vis  viva  or  living  force  of  the  progressive  motion.  If,  for  example,  the  velocity 
be  doubled,  each  molecule  will  strike  the  sides  of  the  vessel  with  a  two-fold  force, 
and  its  number  of  impacts  in  a  given  time  will  also  bo  doubled;  hence  the  total 
pressure  will  be  quadrupled. 

Now  we  know  that  when  a  given  quantity  of  any  perfect  gas  is  maintained  at  a 
constant  volume,  it  tends  to  expand  by  ^  j^  of  its  bulk  for  each  degree  centigrade. 
Hence  the  pressure  or  elastic  force  increases  proportionately  to  the  temperature 
reckoned  from  —  273°  C. ;  that  is  to  say,  to  the  absolute  temperature.  Conse- 
quently, the  absolute  temperature  is  ^proportional  to  the  vis  viva  of  the  progressive 
motion.* 

*  Suppose  a  Tessel  of  the  form  of  a  rectangular  parallelopipcU,  tho  length  of  whose  sides 
are  x,  y,  2,  to  contain  n  gas-molecules,  each  having  the  mass  m.     Suppose,  also,  the  space 

enclosed  by  this  vessel  to  be  divided  into  -  equal  cubes ;  and  at  a  given  instant  let  there  bo 

in  each  of  these  cubes  six  gas-molecules,  moving  severally  in  the  directions  -{•  x,  —  x,  -{-  y, 
io  y,  +  'f  —  ^'  ^°d  with  the  common  velocity  c.  Let  it  also  be  supposed  that  the  molecules 
exert  no  mutual  action  upon  each  other,  but  pass  without  hindrance  from  side  to  side  of  the 
▼essel.  It  is  required  to  determine  the  pressure  which  the  gas  exerts  against  one  of  the 
fides,  t/2f  of  the  vessel.  The  pressure  arising  from  the  impact  of  a  single  gas-molecule  is 
mea,  if  a  denote  the  number  of  impacts  which  take  place  in  a  unit  of  time.  Now,  a  molecule 
jnoving  at  right  angles  to  yZj  or  parallel  to  x,  strikes  against  yz  every  time  that  it  passes 

over  the  space  2z :  therefore  a  =  — . 

2x 

To  find  the  total  pressure  P  upon  1/2^  the  quantity,  mea^  must  be  multiplied  by  the  number 

of  molecules  which  move  parallel  to  x,  which  number,  since  two  atoms  out  of  every  six  are 

parallel  to  z,  is  -.     Hence  r=zm.e.rr- .-.    And  the  pressure />  upon  a  unit  of  surface  of 

C      fl    1 

the  side  y,  isp  =  m.c.-7-  .  -  —  ;  or  if  we  put  xi/2  =  v,  and  leave  out  the  constant  factor : 
'        ^  *2x  Z  yz 

nme'* 
p  — . 

V 

This  expression  shows  that  the  pressure  exerted  upon  a  unit  of  surface  is  the  same  for  each 
tide  of  the  vessel ;  also,  that  the  pressure  is  inversely  in  proportion  to  the  volume  of  the 
1^8,  which  is  Mariotte's  law. 

The  product,  me^,  or  the  vis  viva  of  an  atom,  is  the  expression  of  the  temperature  reckoned 
from  the  absolute  zero,  or  —  273^  C. 

If,  in  the  preceding  value  of/),  we  put  me^  =  tj  we  have 

nt 

t^C  in  to  say,  when  tho  Tolume  is  constant,  the  pressure  varies  directly  as  the  absolute 
i^mperature  (Kronig). 
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with  those  "which  have  not  yet  been  reduced  into  the  li<juid  state;  but  to  :i  irryater 
extent  with  vapours  and  coudensablc  gases^  especially  near  the  points  of  conden- 
sation. 

Let  OS  now  return  to  the  consideration  of  the  liquid  state.  It  has  been  said 
that  the  molecule  of  a  liquid,  when  it  leaves  those  with  which  it  is  associat<jd, 
ultimately  takes  up  a  similar  position  with  regard  to  other  molecules.  This,  how- 
ever, does  not  preclude  the  existence  of  considerable  irrejj;ularities  in  the  actual 
movements.  Now,  at  the  surface  of  the  liquid,  it  may  happen  that  a  particle,  by 
a  peculiar  combination  of  the  rectilinear,  rotatory,  and  vibratory  movements,  may 
be  projected  from  the  neighbouring  molecules  with  such  force  as  to  throw  it  com- 
pletely out  of  their  sphere  of  actiun,  before  its  projectile  velocity  can  be  annihi- 
lated by  the  attractive  force  which  they  exert  upon  it.  The  molecule  will  then  bo 
driven  forward  into  the  space  above  the  liquid,  as  if  it  belonged  to  a  gas,  and  that 
space,  if  originally  empty,  will,  in  consequence  of  the  action  just  described,  become 
more  and  mure  tilled  with  these  projected  molecules,  which  will  comport  them- 
selves within  it  exactly  like  a  gas,  impinging  and  exerting  pressure  upon  the  sides 
of  the  envelop.  One  of  these  sides,  however,  is  formed  by  the  surface  of  the 
liquid;  and  when  a  molecule  impinges  upon  this  surface,  it  will,  in  general,  not 
be  driven  back,  but  retained  by  the  attractive  forces  of  the  other  molecules.  A 
state  of  equilibrium,  not  static,  but  dynamic,  will  therefore  be  attained,  when  the 
number  of  molecules  projected  in  a  given  time  into  the  space  above,  is  equal  to 
the  number  whicli  in  the  same  time  impinge  upon  and  are  retained  by  the  surface 
of  the  liquid.  This  is  the  process  of  vapourizatiun.  The  density  of  the  vapour 
required  to  ensure  the  compensation  just  mentioned,  depends  upon  tlie  rate  at  which 
the  particles  are  projected  from  the  surface  of  the  liquid,  and  this  again  upon  the 
rapidity  of  their  movement  within  the  liquid,  that  is  to  say,  upon  the  temperature. 
It  is  clear,  therefore,  that  the  density  of  a  saturated  vapour  must  increase  with  the 
temperature. 

If  the  space  above  the  liquid  is  previously  filled  with  a  gas,  the  molecules  of 
this  gas  will  impinge  upon  the  surface  of  the  liquid,  and  thereby  exert  pressure 
upon  it;  but  as  these  gas-molecules  occupy  but  an  extremely  small  proportion  of 
the  sjiace  above  the  liquid,  the  particles  of  the  liquid  will  be  projected  into  that 
space  almost  as  if  it  were  empty.  In  the  middle  of  the  liquid,  however,  the  exter- 
nal pressure  of  the  p^as  acts  in  a  difl'erent  manner.  There  also  it  may  haj>pen  that 
the  molecules  may  be  separated  with  such  force  as  to  produce  a  small  vacuum  in 
the  midst  of  the  liquid.  J5ut  this  space  is  surrounded  on  all  sides  by  masses 
which  afford  no  passage  to  the  disturbed  ujuIccuIcs  ;  and  in  order  that  they 
may  increase  to  a  permanent  vapour-bubble,  the  number  of  molecules  projected 
from  the  inner  surface  of  the  vessel  must  be  such  as  to  produce  a  pressure  out- 
wards, equal  to  the  external  pressure  tending  to  compress  the  vapour-bubble.  The 
boiling  point  of  the  liquid  will,  therefore,  be  higher  as  the  external  pressure  is 
greater. 

According  to  this  view  of  the  process  of  vapourizatiou,  it  is  possible  that  vapour 
may  rise  from  a  solid  as  well  its  I'rom  a  lirjuid ;  but  it  by  no  means  necessarily  fol- 
lows that  vapour  must  be  formed  from  all  bodies  at  .'ill  temperatures.  The  force 
which  holds  together  the  molecules  of  a  body  may  be  too  great  to  be  overcome  by 
any  combination  of  molecular  movements,  so  long  as  the  temperature  does  not 
exceed  a  certain  limit. 

'Ihc  pro<luction  and  coiiaumption  of  heat  which  accompany  changes  in  the  state 
of  aggregation,  or  of  the  volume  of  bodies,  are  easily  explained,  according  to  the 
preceding  priucij)les,  by  taking  account  of  the  work  done  by  the  acting  forces. 
This  work  is  partly  external  to  the  body,  partly  internal.  To  consider  first  the 
xntfrnal  work  : 

When  the  molecules  of  a  body  change  their  relative  positions,  the  change  may 
take  place  either  in  accordance  with  or  in  opposition  to  the  action  of  the  molecular 
forces  existing  within  the  body.     In  the  former  case,  the  molecules,  during  the 
42 
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pa6sa<;c  from  one  state  to  the  other,  have  a  certain  vehicity  imparted  to  tikem, 

which  is  immediately  converted  into  heat  -,  in  tlie  latter  ca^*?,  the  vcluciiy  of  their 

movement,  and  consequently  the  temperature  of  the  body,  is  diminished.    In  the 

passage  from  the  solid  to  the  liquid  stsitc,  the  moleculesi.  althous^h  not  rcniitved 

from  the  spheres  of  their  mutual  attractions,  neverthcles-  change  their  rcLitire 

positions  in  opposition  to  the  molecular  forces,  vrliioh  forces  have,  therefore,  to  be 

overcome.     In  evaporation,  a  certain  number  of  the  molecules  arc  completfivfipa- 

ratod  from  the  remainder,  which  again  implies  the  overcoming  of  oppris^in::  !'rc<<. 

In  both  cases,  therofure,  work  is  done,  and  a  certain  portion  of  the  vis  vir.i  vi  :!io 

molecules,  that  is,  of  the  heat  of  the  body,  is  lost.     But  when  once  the  [•^r:V.*c 

gaseous  state  is  attained,  the  molecular  forces  are  completely  overcome,  uid  %r.\ 

further  expansion  may  take  place  without  iotornal  work,  and,  therefore,  withuui 

loss  of  heat,  provided  there  is  no  external  resistance. 

But  in  nearly  all  cases  of  change  of  state  or  volume,  there  is  a  certain  aiucnnt 
of  external  resistance  to  be  overcome,  and  a  corresponding  loss  of  heat.  Whtn 
the  pressure  of  a  gas,  that  is  to  say,  the  impact  of  its  atoms,  is  exerted  asrsia-t  i 
moveable  obstacle,  such  as  a  piston,  the  molecules  lose  just  so  much  of  tLcir 
moving  power  as  they  have  imparted  to  the  piston,  and,  consequeutly,  their 
velocity  is  diminished  and  the  temperaturit  lowered.  On  the  coutran*,  when  a 
gas  is  compressed  by  the  motion  of  a  piston,  its  molecules  are  driven  Wk  with 
greater  velocity  than  that  with  which  they  impinged  on  the  piston,  aad  eooje- 
quontly,  tho  temperature  of  the  gas  is  raised. 

When  a  liquid  is  converted  into  vapour,  the  molecules  have  to  overcome  \U 
atmospheric  pressure  or  other  external  resistance,  and,  in  conseqaeoo?  of  tLi-s 
together  with  the  internal  work  already  spoken  of,  a  largo  quantity  of  hiut  dis- 
appears, or  is  rendered  latent ,  the  quantity  thus  consumed  being  to  a  cuusidi-nble 
extent  affected  by  the  external  pressure.  Tho  liquefaction  of  a  solid  nut  beiag 
attended  with  much  increase  of  volume,  involves  but  little  work ;  ncTerthekai, 
the  atmospheric  pressure  does  influence,  in  a  slight  amount,  both  the  latcat  hea: 
)f  fusion  and  the  melting  point. 


LIGHT. 

POLABIZATIOK. 


The  phenomena  of  circular  polarization  have  lately  acquired  so  much  impoftaDes 
in  chemistry,  as  to  make  it  highly  necessary  for  the  student  to  be  acquainted  with 
them.  But  to  render  a  description  of  these  piienomena  intelligible,  a  fow  elcocB- 
tary  explanations  of  the  subject  of  polarization,  in  general,  must  first  bo  oflercd. 

Suppose  a  ray  of  light,  A  C  (fig.  209),  to  fall  upon  a  plate  of  cU.«  \^^ 
silvered,  but  blackened  at  the  lower  surface)  at  C,  making  an  angle  of  54^^  with 
the  normal  PC,  or  35}^  with  the  reflecting  surface.  This  ray  will  be  nJcdfd 
in  the  direction  C  D,  making  an  angle  P  C  I)  =  A  C  P,  and  in  the  same  plaic  n 
A  C  and  C  P.  Now  suppose  the  reflected  ray  to  fiiU  upon  a  second  sor&M  ^ 
glass  at  the  same  angle  of  54  P  with  the  normal.  If,  then,  the  second  mimr^ 
so  placed,  that  its  plane  of  reflection  is  parallel  to  the  plane  of  reflection  firan  ^ 
first  surface  (see  left-hand  figure),  then  the  ray  will  be  reflected  from  tbt  9t^ 
surface  in  the  direction  D  £,  just  as  if  it  proceeded  directly  from  a  hmiiwm 
source,  and  had  not  undergone  previous  reflection  ;  but  if  the  second  mirror  he  m 
adjusted  that  its  plane  of  reflection  is  perpendicular  to  that  of  the  firat  (ice  li^^ 
hand  figure),  then  the  ray,  C  D,  will  not  bo  reflected  from  it  at  alL  h  i^ 
mediate  positions,  still  at  the  same  angle  of  incidencei  the  ny,  C  D,  wiH  bt  p^ 
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tiallj  reflected,  the  quantity  of  light  in  the  reflected  ray,  D  E,  being  greater  as 
the  planes  of  reflection  of  the  two  mirrors  are  more  nearly  parallel. 

The  ray,  after  reflection  from  glass  at  an  angle  of  54 P,  appears  then  to  exhibit 
different  properties,  according  to  tho  direction  in  which  it  is  a  second  time  re- 
flected ;  one  side  of  the  ray  appearing  to  be  rcflectible,  and  the  other  side  not  so. 
The  ray  has  now  dificrent  properties  on  dificrent  sides,  and  is  said  to  be  'polarized* 

The  angle,  54 i°,  is  called  the  polarizing  angle  for  glass.  For  every  medium 
there  is  a  particular  polarizing  angle,  the  magnitude  of  which  depends  upon  the 
refracting  power  of  the  medium.'*'  Now,  as  the  different  coloured  rays  which 
compose  white  light,  diflcr  in  refrangibility  (p.  99),  there  must  bo  for  each 
coloured  ray  a  distinct  polarizing  angle.  Hence  it  is  evident  that  only  homoge- 
neous light  can  be  completely  polarized  by  reflection.  Solar  light,  or  ordinary 
gas  or  candle-light,  can  never  be  made  to  disappear  completely  in  the  manner 
above  mentioned. 

Tho  plane  in  which  a  polarized  ray  is  most  easily  reflected  is  called  its  plane 
iff  polarization :  it  coincides  with  the  plane  of  reflection  (or  of  incidence). 

Light  is  also  polarized  by  refraction,  and  the  refracted  ray  is  polarized  in  a 
plane  perpendicular  to  the  plane  of  refraction,  or  of  incidence,  and,  therefore, 
also  perpendicular  to  the  plane  of  polarization  of  the  reflected  ray;  so  that  it 
would  bo  reflected  from  a  surface  of  glass  at  an  angle  of  54 i^,  just  under  the  cir- 
cumstances in  which  the  ray  polarized  by  reflection  would  not.  Light,  however, 
is  never  completely  polarized  by  one  refraction ;  but  by  successive  refractions 
through  a  number  of  surfaces  of  glass,  or  other  medium,  it  may  be  brought 
within  any  assigned  limit  of  complete  polarization. 

All  crystalline  bodies  not  belonging  to  the  regular  system,  possess  the  power  of 
double  refraction  (p.  99),  that  is  to  say,  a  ray  of  light  entering  such  a  medium 


^  In  all  cases,  the  polarizing  angle,  A  C  P  (fig.  210),  is  that  for  which  the  reAracted  ray, 
C  D,  is  perpendicular  to  the  reflected  ray,  C  B.     Let  m 
denote  tho  index  of  refraction,  then : 


fiViACP 


m  = 


mQGD' 


but  angle  A  C  P  =  B  C  P  [  =  a]  ;  and  since  B  C  is  per- 
pendicular to  G  D,  and  Q  C  to  C  N,  angle  Q  C  D  =  BC  N 
s=90o  —  9*  therefore 

fin  9 

m  = r  =  ianB\ 

cotd 

that  18  to  say,  the  polarizing  ofigU  u  tht  angle  whote  tan^ 
gent  is  efual  to  the  index  of  refraction. 


POLARIZATION    OF    LIGHT.  661 

prisms,  placed  one  behind  the  other,  appear  perfectly  opaque  when  their  principal 
sections  arc  at  right  angles  to  each  othori  perfectly  transparent  when  the  principal 
sections  are  parallel,  and  transmit  light  with  diminished  intensity  in  intermediate 
positions. 

Folarization  hy  Tourmalines. — The  tourmaline,  which  is  a  crystallized  mineral 
having  one  optic  axis,  possesses  the  remarkable  property  of  transmitting  light 
only  when  polarized  in  a  piano  perpendicular  to  that  axis.  Hence,  a  plate  of 
tourmaline  cut  with  faces  parallel  to  the  optic  axis,  acts  exactly  like  a  NichoFs 
prism,  and  may  be  used  in  the  same  manner.  It  is,  however,  less  convenient,  on 
account  of  \\s  colour,  which,  in  the  best  tourmalines,  is  rather  a  dark  yellow- 
brown. 

Nature  of  Pblarizcd  Light,  —  Light  is  supposed  to  consist  of  undulations  ex- 
cited in  an  ethereal  medium  pervading  all  space,  and  filling  up  the  intervals  be- 
tween the  particles  of  ponderable  bodies.  Moreover,  the  particles  of  this  ether 
arc  supposed  to  vibrate,  not  in  the  direction  of  the  ray,  like  the  particles  of  air  in 
conveying  sound,  but  in  planes  at  right  angles  to  the  length  of  the  ray,  like  the 
transverse  vibrations  of  a  stretched  cord. 

Further,  the  difference  between  ordinary  and  polarized  light,  is  supposed  to  be 
this :  that  in  the  former,  the  particles  of  the  ether  vibrate  in  all  imaginable 
directions,  at  right  angles,  to  the  length  of  the  ray; 
while,  in  the  latter,  they  are  confined  to  one  particular  Fia.  218. 

plane.  Thus,  if  A  (fig.  213)  represents  the  projection 
of  an  unpolarized  ray,  travelling  at  right  angles  to  the 
plane  of  the  paper,  the  particles  of  the  ether  at  all 
points  of  this  ray  vibrate  parallel  to  the  plane  of  the 
paper,  but  some  may  move  in  the  direction  a  a',  others 
in  h  Vy  c(fy  dcdy  &c.  Now  imagine  all  these  vibra- 
tions to  be  reduced  to  one  plane,  in  the  direction  a  a', 
for  example.  Then  the  ray  will  become  polarized. 
In  fact,  since  its  particles  now  vibrate  in  one  direction 
only,  it  is  no  longer  a  matter  of  indifference  whether 
the  ray  is  presented  to  a  reflecting  surface  on  one  side 

or  the  other;  whereas  the  unpolarized  ray,  whose  particles  vibrato  in  all  direc- 
tions, will  be  reflected  in  the  same  manner  on  whichever  side  it  meets  the  surface 
of  any  medium. 

Now,  from  considerations  into  which  we  cannot  at  present  enter,  it  is  found 
that  a  plate  of  tounualine  transmits  only  those  vibrations  which  are  parallel  to  its 
axis.  Since  then,  a  ray  of  j)ohirized  light  is  transmitted  through  a  tourmaline 
only  when  its  plane  of  polarization  is  perpendicular  to  the  axis  of  the  tourmaline 

S),  6G0),  it  follows  that  the  plane  of  polarization  of  the  ray  is  perpendicular  to 
e  plane  of  vibration.  Hence,  also,  the  plane  of  vibration  of  a  ray  polarized  by 
reflection  is  at  right  angles  to  the  plane  of  incidence  (or  of  reflection) ;  the  plane 
of  vibration  of  a  ray  polarized  by  refraction  is  parallel  to  the  plane  of  incidence ; 
and  of  the  two  rays  into  which  a  beam  of  light  is  divided  by  double  refraction 
through  a  rhomb  of  calcspar,  the  ordinary  ray  vibrates  at  right  angles  to  the 
principal  section,  and  the  extraordinary  ray  parallel  to  that  section.  The  vibra- 
tions of  a  ray  polarized  by  passing  through  a  Niehol's  prism,  arc,  therefore, 
parallel  to  the  principal  section,  that  is,  to  the  shorter  diagonal  of  the  prism  (fis. 
212). 

Let  m  n  (fig.  214),  be  the  plane  of  vibration  of  a  polarized  ray  moving  at  right 
angles  to  the  plane  of  the  paper,  and  meeting  it  at  the  point  a.  If  this  ray  enters 
a  plate  of  tourmaline,  .whose  axis  is  parallel  to  mn,  or  a  Nichol's  prism,  whose 
principal  section  is  in  that  direction,  the  ray  will  bo  transmitted  with  its  full  in- 
tensity. But  if  the  axis  of  the  tourmaline  or  the  principal  section  of  the  prism 
be  turned  round  into  the  nosition  wi'  /i',  the  intensity  of  the  transmitted  light  will 
be  diminished,  because  the  tourmaline  or  the  prism  will  only  transmit  vibrations 
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given  thickness  always  produces  the  same  amonnt  of  anrrular  deviation  for  a  my 
of  given  rcfniiigibility ;  and  for  plates  of  different  thickness,  the  deviation  for  any 
particular  ray  increases  in  direct  proportion  to  the  thickness.  The  following  table 
gives  the  angles  of  deviation  for  the  principal  rays  of  the  spectrum  produced  by 
plates  of  quartz  of  the  thickness  of  1  millimeter  and  3-75  millimetres. 


Coloan. 


Medium  red 

**  omnge 

**  yellow. 

**  green.., 

*«  blue... 

••  indigo., 

**  violet.. 


Angle  of  zotatloQ. 


Plate 
1  mm.  thick. 


16° 

19 

24 

27 

82 

38 

44 


Plate 
8-75  mm.  thick. 


56}o 

71J 

90 

101} 
120 
142} 
165 


Fio.  215. 


We  can  now  explain  the  succession  of  colours  produced  when  ordinary  daylight 
is  used.     Suppose  a  beam  of  white  li<!ht,  polarized  by  a  Nichors  prism,  whose 

Erincipal  section  is  parallel  to  A  A'  (fig.  215),  to  pass  through  a  plate  of  right- 
anded  quartz,  i>-75  mm.  thick.  The  vibrations  of 
the  several  coloured  rays  composing  the  beam  of 
polarized  light,  are  all  at  first  parallel  to  A  A' ;  but 
Dy  passing  through  the  quartz,  their  planes  of  vibra- 
tion are  deflected  through  the  several  angles  given 
in  the  above  table,  the  red  ray  then  vibrating  in  the 
line  r  /,  the  yellow  in  y^,  the  violet  in  t»  v',  &c. 
Now,  let  the  ray  be  viewed  through  another  Nicholas 
prism,  placed  with  its  principal  section  also  parallel 
to  A  A' ;  then,  by  reference  to  the  explanation  given 
at  page  061,  it  will  bo  seen  that  the  red  and  violet 
rays  will  be  transmitted  with  but  slightly  diminished 
intensity,  the  orange  and  blue  with  less^  the  yellow 
-with  still  less,  and  the  green  not  at  all.  The  result 
will,  therefore,  be  a  purple  tint.  Now  let  the  eye- 
piece be  turned  from  left  to  right.  As  the  principal 
section  passes  successively  over  the  lines  rr^jOo\ 
&c.,  the  red,  orange,  yellow,  &c.,  will,  in  succession,  be  more  fully  transmitted 
than  the  other  rays,  so  that  a  succession  of  tints  will  be  produced  agreeing  nearlv 
with  the  colours  of  the  spectrum,  and  following  in  the  same  order,  from  red  through 
yellow  to  violet.  If  the  eye-piece  be  turned  the  contrary  way,  the  order  of  the 
tints  will  bo  reversed.  If  the  quartz  were  left-handed,  the  phenomena  would  bo 
precisely  similar,  excepting  that  the  colours  would  change  from  red  through  yellow 
to  violet,  when  the  eye-piece  was  turned  from  right  to  left. 

Similar  changes  of  colour  will  bo  produced  with  a  plate  of  quartz  of  any  other 
thickness ;  but  the  tint  produced  at  any  given  inclination  of  the  polarizer  and 
eye-piece,  will  of  course  be  different. 

The  tint  produced  with  a  quartz  plate  of  3*75  mm.  thick,  when  the  principal 
sections  of  the  polarizer  and  eye-piece  are  parallel  to  one  another,  deserves  par- 
ticular notice.  This  tint,  as  already  observed,  is  a  purple,  and  moreover  changes 
very  quickly  to  red  or  to  violet,  when  the  eye-piece  is  turned  one  way  or  the  other, 
the  change  of  colour  thus  produced  being,  in  fact,  very  much  more  rapid  and 
decided  than  in  any  other  part  of  the.  circuit.  It  is  accordingly  distinguished  by 
the  term  tenntive-tinf,  or  traimtion-tint  (cauleur  semnblc,  ichite  de passat/e).  On 
account  of  the  facility  and  certainty  with  which  it  may  be  recognized,  it  is  fre- 
quently adopted  as  the  standard  tint  in  measuring  the  angles  of  rotation  produced 
by  different  substances ;  it  is,  in  fact,  much  easier  to  determine  when  this  particu- 
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plate-glass  discs  jmund  to  fit  water-tight  and  pressed  against  the  tube  by  means 
of  screw-caps.  The  tube  being  completely  filled  with  the  liquid,  is  placed  on  the 
supports^  c  c^  (fig.  217),  between  two  Nicholas  prisms,  one  of  which,  A,  serves  as  a 

Fio.  217. 


polarizer,  the  other,  B,  as  an  eye-piece.  The  latter  carries  a  vernier,  m,  moving 
lound  a  graduated  circle.  The  simplest  way  of  using  this  apparatus  is  to  inter- 
pose between  the  tube  and  the  polarizer  a  glass  coloured  with  sub-oxide  of  copper, 
the  tint  of  which  corresponds  with  the  red  of  the  fixed  line  C  of  the  spectrum  — 
and  having  set  the  cye-picce  with  its  principal  section  at  right  angles  to  that  of 
the  polarizer  (which  makes  the  field  of  view  dark  so  long  as  the  tube  is  not  inter- 
posed), to  adjust  the  tube  in  its  place,  and  turn  the  eye-piece  round  till  the  red  light 
completely  disappears.  The  angle  through  which  the  eye-piece  is  turned  mea- 
sures the  deviation  produced  by  the  saccharine  liquid. 

A  solution  of  164-71  grammes  of  pure  and  dry  cane-sugar  in  a  litre  of  water, 
produces  in  a  tube,  20  centimetres  long,  an  optical  efTect  equal  to  that  of  a  plate 
of  right-handed  quartz,  1  millimeter  thick,  that  is  to  say,  it  turns  the  plane  of 

?olarization  of  the  red  ray  corresponding  to  the  fixed  line  C,  through  an  angle  of 
5*3**.     Hence,  if  any  other  solution  of  cane-sugar  in  a  tube  of  the  same  length 
produces  a  deviation  of  a  degrees,  one  litre  of  that  solution  will  contain 

r-r-jt .  104*71  grammes  of  sugar. 

xO'o 

The  direct  measurement  of  the  rotation  of  the  red  ray  is,  however,  by  no  means 
the  best  mode  of  observation,  because,  as  already  observed  (p.  G64),  it  is  difficult 
to  tell  with  precision  when  the  light  completely  disappears.  For  this  reason  it  is 
better  to  introduce  behind  the  polarizing  prism,  instead  of  the  red  glass,  a  plato 
of  quartz  3*75  millimeters  thick,  which,  when  the  polarizer  and  eye-piece  are  set 
with  their  principal  sections  parallel,  exhibits  the  transition-tinL  The  interposi- 
tion of  the  saccharine  liquid,  which  rotates  to  tho  right,  causes  this  tint  to  change ; 
and  the  rotation  is  measured  by  tho  number  of  degrees  through  which  the  prism 
must  be  turned  to  restore  the  transition-tint. 

Greater  exactness  is  obtained  by  using  a  double  plate  of  quartz  3*75  millimeters 
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tliick,  one-half  being  composed  of  right-handed,  the  other  half  of  left-banded 
({uartz.  Such  a  plate  will  exhibit  the  transition-tiut  with  perfect  oaiformitv  oa 
both  halveH,  when  the  polarizer  and  eyo-piece  are  set  with  their  principal  sections 
panillcl ;  but  on  turning  the  cjc-piece  to  the  right,  one-half  of  the  plate  will 
incline  to  red,  and  the  other  to  blue.  The  eame  change  will,  of  coune.  tiko 
placo  on  introducing  the  tube  containing  the  saccharine  liquid  ;  and  to  resU're  the 
uniformity  of  tint^  the  eye-piece  must  be  turned  a  certain  number  of  detrreei  the 
contrary  way.  If  the  liquid  has  but  a  slight  rotatory  power,  this  mctliod  is  tjuifa 
satisfactory ;  but  if  the  rotatory  power  is  considerable,  an  error  arises  from  lie 
different  angles  of  rotation  imparted  to  the  different  coloured  ni}-^. 

To  obviate  this  last  source  of  inaccuracy,  a  contrivance,  called  the  compriua*'^, 
has  been  invented.     It  consists  of  two  prismatic  plates  of  quartz,  rr' (fig.  "hi, 

Fig.  218. 


r "M-p^--v^T^>--^"il4l ! 


2  I  0  i  5  I 

■   •  1 1 . 1 1  ■  I  •    I  ■       <    1 1 1 « I  ■■  I    ■''■■■  I '  1 1  ■  I  ■^■1 


■  •I    ••■•■I     ^- 

V  O  V 


having  their  faces,  c  c  ,  perpendicular  to  the  crystallognphic  axis,  and  tlie  oppo- 
site faces  inclined  to  this  axis  at  e<|ual  angles.  These  prisms  are  int^Klucod  vdsa 
the  polarizing  apparatus  between  the  tube  and  the  eye-piece,  and  one  of  ihem  ii 
made  to  slide  over  the  other  by  means  of  a  rack  and  pinion,  so  that  the  :v^) 
together  form  a  plate  of  variable  thickness.  To  the  frame  of  one  of  these  pn*3iJ 
is  attached  a  linear  scale,  a  h,  and  to  the  other  an  index,  or  a  vernier,  v  v\  Om 
hundred  divisions  of  the  scale  correspond  to  an  increase  of  I  millimctor  in  the 
thickness  of  the  compound  plate.  Suppose  now  these  two  prisms  to  c»?nsl*t  of 
left-handed  quartz;  a  flat  plate  of  right-liauded  quartz,  whose  thickness  U  cqixaltd 
that  of  tlie  two  compensating  prisms  together  when  the  index  points  to  0',  'a  likfr 
wise  introduced  between  the  tube  and  tlie  eye-piece.  Tliis  plate  then  cDniplrtdj 
neutralizes  the  action  of  the  compensator,  and  the  effect  is  the  same  as  if  neither 
the  compensator  nor  the  plate  of  right-lianded  quartz  were  introduced,  the  dooWe 
quartz-plate  (p.  G()5)  still  exhibiting  tlio  transition-tint  on  its  two  halvts,  when  the 
tube  containing  the  saccharine  solution  is  not  in  its  place.  Now  let  the  tube  ecQ* 
taining  the  dextro-rotatory  saccharine  liquid  be  introduced.  Immediutdy  the  iw 
halves  of  the  double-plate  as.sume  different  colours ;  and  to  restore  the  unlf^4iiiU7 
of  tint,  the  compensator  must  be  shifted  so  as  to  give  the  combined  loft-hasdn 
prisms  a  greater  thickness.  Suppose  that,  to  produce  this  compensation,  tk« 
index  is  moved  through  eighteen  divisions  of  the  scale.  Then  the  rotatory  ieti^« 
of  the  liquid  in  the  tube  is  equal  to  that  of  a  quartz-plate  having  a  thickncsfl^ 
•j\f,j  of  a  millimeter,   that  is  to  say,  it  turns  the  red  ray  through  an  aogl*  rf 

In  order  that  tiic  preceding  method  may  be  directly  applied  to  determine  tU 
strength  of  a  solution  of  any  optically  active  substance,  it  is  necessary:  1-  Tbst 
the  solution  contain  only  one  such  substance.  2.  That  the  quantity  of  the  KVJt 
substance  present  be  proportioned  to  the  angle  of  rotation.  3.  That  the  rotaiit* 
of  the  red  riy  be  known  for  one  given  degree  of  concentration. 

Now,  in  determining  the  quantity  of  crystallizablo  sugar  in  the  syrups  obbiael 
from  plants,  in  molasses,  &c.,  a  difficulty  arises  from  the  presence  of  other  kindi 
of  sugar,  viz.,  glucose,  and;  more  especially,  the  un crystal lizable  sugar  of  Mti» 
which  rotates  to  the  left.     This  difficulty  may,  in  most  cases,  bo  obviited  \f] 
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boi]iug  the  liquid  with  hydrochloric  acid,  whereby  the  crystalliznblc  sugar  (canc- 
rogar)  is  converted  into  the  lasvo-rotatory  sugar  of  fruits,  while  the  other  kinds  of 
BOgar  remain  unaltered.  The  rotatory  power  of  cane-sugar  is  not  sensibly  affected 
by  heat;  but  that  of  uncrystallizable  sugar  decreases  considerably  as  the  tempera- 
tare  rises.  Thus  when  cane-sugar  is  heated  with  hydrochloric  acid  to  68°  0.,  the 
resulting  fruit-sugar  exhibits  at  different  temperatures  the  following  rotatory 
powers :  — 

Temperature^ lO®      15®      20°      25<»        SO®  85<» 

Rotatory  power  (that  of  cane-sugar)  =  100® 39        86        34        8-16       29    26-6 

Suppose^  now,  a  solution  of  cane-sugar  containing  104-71  grammes  in  a  litre, 
which,  in  a  column  20  centimeters  long,  deflects  the  red  ray  15-3°  to  the  right, 
ko  be  heated  to  68°  C,  with  A  of  its  volume  of  hydrochloric  acid,  and  the  liquid, 
ftfter  cooling  to  15°  C,  to  be  introduced  into  the  polarizing  apparatus  in  a  tube  22 
centimeters  long,  which  will  contain  the  same  number  of  atoms  of  sugar  as  a  tube 
20  centimeters  long  of  the  liquid  before  the  addition  of  the  acid.  The  red  ray 
will  then  be  deflected  to  the  left  by  0-36  x  15-3°  =  5-5°.  Consequently,  tho 
difference  in  the  positions  of  the  eye-piece  before  and  after  the  conversion  will 
imount  to  15-3°  +  55°  =  20-8°. 

If,  then,  any  mixed  solution  of  cane-sugar  and  uncrystallizable  fruit-sugar,  con- 
taining 164-71  grammes  of  sugar  in  a  litre,  be  treated  as  above,  and  the  diffcrenco 
in  the  positions  in  the  eye-piece  before  and  after  the  conversion  be  5-2°,  the 
temperature  being  15°  C,  the  amount  of  crystallizable  sugar  in  tho  mixture  is 

5-2 

jT-g  .  164-71  =  41-2  grammes.* 

If  the  mixture  contains  grape  or  starch-sugar  mixed  with  cane-sugar,  it  must 
t>c  heated  to  80°  C.  before  being  introduced  into  the  saccharimeter,  because  tho 
rotatory  power  of  grape  or  starch-sugar  decreases  considerably  after  a  while  at 
>rdinary  temperatures,  but  quickly  attains  its  minimum  value  when  the  liquid  is 
ieatcd  to  80°. 

If  grape  or  starch-sugar  is  present,  together  with  uncrystallizable  fruit-sugar, 
:hc  problem  is  indeterminate,  because  neither  of  these  sugars  has  its  rotating 
iction  reversed  by  treatment  with  acids. 

The  following,  table  contains  a  few  of  the  results  obtained  by  the  method  just 
Icscribed.  If  the  liquid  to  be  examined  contains  nothing  but  crystallizable  sugar, 
we  have  merely  to  look  in  the  last  column  but  one  for  the  number  of  degrees  read 
Dff  on  the  compensator;  and  the  corresponding  number  in  the  last  column  gives 
the  number  of  grammes  of  sugar  in  a  litre  of  the  liquid.  If  other  optically  active 
substances  are  present,  and  inversion  is  consequently  necessary,  the  results  are 
found  by  means  of  the  readings  in  the  first  six  columns. 

•  Let  n  be  tbe  observed  devijition  before  inversion,  n'  the  dcxtro-rotation  produced  by  the 
nrrstallizable  sugar,  «-''  the  Iwvo-rotaiion  produced  by  the  uncrystallizable  fruit-sugar. 
Mbo,  let  »,  be  the  observed  deviation  in  a  column  of  liquid  of  the  same  length,  after  the 
liquid  has  been  heated  with  y^  of  its  volume  of  hydrochloric  acid ;  and  suppose  that  a 
)aantity  of  cane-sugar  which  produces  a  deviation  of  n^  to  the  right,  yields,  when  thus 
treated,  a  quantity  of  uncrystallizable  sugar,  which  produces  a  deviation  of  Kn^  to  the  left 
It  15°  C,  ir= OCO).    Then,  for  the  determination  of  n'^and  n^^  we  have  the  two  equations : — 

n  =n^  —  n^^ 

A  mixture  of  cane-sugar  with  starch-sugar  or  grapc-sugnr  may  be  treated  in  exactly  the 
lame  manner,  since  only  the  cane-sugar  has  its  direction  of  rotation  reversed ;  and  in  this 
»,  n^  and  n^'  will  be  determined  by  the  equations :  — 

n  —  n'  -f  n'' 
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'Rdatwna  between  Rotuton/  Power  and  Cri/MalUne  Form, — It  lias  alrcadv  be 
observed  that  silica  and  a  few  other  inorganic  bodies  cxliibit  circular  pibriatio 
only  when  cr3-stallizcd.  Moreover,  crystals  of  the  same  substance  —  qucrti,fi 
example  —  which  exert  opposite  actions  on  polarized  light,  often  exhibit  arecui 
able  opposition  in  their  crystalline  forms.  Thus,  the  ordinary  form  c-f  qiurti,  ti 
six-sided  prism  with  pyramidal  six-sided  summits,  is  sometimes  found  i:;.:difdi 
the  manner  shown  in  tigs.  210,  220^  the  solid  angles  formed  by  the  mectio^'cftn 

Fig.  219.  Fig.  220. 


pyramidal  with  two  prismatic  faces,  being  tnmcatod  with  faces,  rr,  cbliqM^ 
inclined  to  the  faces  of  the  prism;  these  truncation  faces,  however,  are  i«l J ■ 
in  number,  whereas  to  form  a  complete  holohedral  combination  (since  thwefcli 
arc  une<iually  inclined  to  those  of  the  prism),  there  should  be  twmty-four  of  tki 
two  at  each  of  th<»  twelve  anglds  above-mentioned :  the  form  is  therofon?  trtBli 
hedral.f     Ihit,  further,  those   tctartohedral  faces   are    not  always  placed  iSh 

*  This  tnblc  is  cxlnictcil  from  the  much  more  extcnsiTe  one  given  iu  the  "TraitiJeOiB 
Gen^mle,"  par  Pclouro  et  Fremy.     Paris,  1855.  t.  iv.  pp.  r,2a-t;22. 

-|-  Holohedral  forms  arc  tko!<e  which  are  bounded  by  ainiilar  faces  occarrinfc  in  the  fMM 
possible  number  consistent  with  the  law  of  symmetry  which  determines  tiieir  poiilMii  i 
the  number  of  such  faces  is  only  one-half  of  what  it  might  be,  the  fi»rni  is  hfmiKrdral;  if  Mi 
one-fourth,  it  is  tetartohrdral.  Tlie  regular  octohedron  is  a  holoheilrul  cr vital,  wi  d 
tetmhedrnn  i*<  the  hemiheclral  form  corresponding  to  it:  NimiUrly,  the  rhomlMibe4rai  is ' 
hemihedral  form  of  tlie  double  Hix-sided  pyramid.  Hemihedral  aod  tetartohcdnl  ftfl 
often  occur  aaaociated  with  holohedral  foriu  in  tht  Mme  cryital. 
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imnp  Id  some  cryslnis  on  tho  rii;Iit  of  a  prismatic  liico  above,  and  on  the  left 
m,  and  the  contrary  in  otliera,  as  showQ  in  the  abuve  figures.  Tlie  twu  forma 
jrjstal  thus  produced,  though  their  faces  are  alike  in  number  and  ia  form,  aro 
IcDtiy  not  superposible,  but  the  one  may  be  rcfrarded  as  the  reflected  image  of 
Other.  Now,  the  crystals  of  the  one  kind  invariably  exhibit  deitro-rotatory, 
those  of  tho  other  kind  Imvo-rotatory,  power.  The  same  kind  of  opposite 
rtohedry,  and  accompanied  by  a  corrospondinf;  opposition  of  rotatory  power,  is 
ad  in  the  few  other  inoi^nic  compounds  (p.  (iGi)  which  exhibit  circular 
inzntion. 

'his  remarkable  relation  between  rotatory  power  and  crystalline  form  is,  hoir- 
r,  much  uiore  strikin;;Iy  exhibited  by  certain  organic  compounds, 
^irtaric  acid  and  its  salts  turn  the  plane  of  polarization  to  tho  ri^ht :  racemio 
I,  which  is  ideiHical  in  eheniical  composition  with  tartaric  acid,  and  agrcca 
h  it  in  nearly  alt  its  chemical  relations,  has  do  action  whatever  on  polarized 
it,  cither  in  the  free  state  of  tho  acid  or  when  combined  with  bases.  Now,  the 
italsof  tartaric  acid  and  the  tartrates  are  liemHniilraf,  those  of  roceraic  acid 
the  racemates,  with  one  exception,  are  hoivhctlrul.  Tho  ciccption  alluded  to 
be  racematc  of  soda  and  animonia.  A  solution  of  raccmate  of  soda  and  race- 
me of  ammonia,  in  equivalent  proportions,  yields  by  evaporation  crystals  of  a 
ble  salt,  the  form  of  which  is  represented  in  figs.  'I'^l,  'Z'i2. 


t  is  a  riijlit  rcctansular  prism  P,  51,  T,  havinj;  its  lateral  edpca  replaced  by 
faces  I/,  and  the  intersection  of  these  latter  faces,  with  the  faco  T,  replaced 
t  face  k.  If  the  crystal,  were  holohedral,  there  would  be  eight  of  these  faces, 
■  above,  and  four  below ;  but,  as  the  fissures  shows  there  are  but  four  of  them, 
•ed  alternately :  moreover,  these  hcmihedral  faces  occupy  in  different  cijstals, 
similnr,  but  opposite  positions;  so  that,  as  in  the  case  of  ijuartz,  the  one  kind 
trystal  is,  as  it  were,  the  reflected  image  of  the  other. 

lut  further ;  by  carefully  picking  out  tfic  two  kinds  of  crystals,  and  dissolving 
D  separately  in  water,  solutions  are  obtained,  which,  at  the  same  degree  of 
senlntion,  exert  equal  and  opposite  actions  upon  polarized  light,  the  one  de- 
ing  the  plane  of  polarization  to  tho  right,  the  other,  by  an  eqnal  amount,  to 
left.  Moreover,  the  solutions  of  the  right  and  left-handed  crystals,  yield,  by 
>oiatioD,  crystals,  each  of  its  own  kind  only;  and  by  mixing  the  solutions  of 
«  ci^'stals  witli  chloride  of  calcium,  lime-salts  are  obtained,  which,  when  do- 
posed  by  sulphuric  acid,  yield  acids,  agreeing  with  each  other  in  composition, 
in  cYCry  other  respect,  except  that  their  crystalline  forms  exhibit  opposite 
libcdral  modifications,  and  their  solutions,  when  reduced  to  tho  same  degree 
oncentration,  exhibit  equal  and  opposito  effects  on  polarized  light. 
)f  the  two  acids  thus  obtained,  the  one  which  turns  the  plane  of  poIarizatioQ 
le  right  is  identical  in  every  respect  with  ordinary  tartaric  acid.  The  other 
be  ^Icd,  for  distinction,  antitartaric  aci'K  When  equal  wcij^hts  of  these 
kcids  are  dissolved  in  water,  and  the  solutions  mixed,  a  liquid  is  obtained, 
lb  hag  no  action  whaterer  on  polarized  light,  ud  yields  bj  evaporatioo,  bolo- 
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isomeric  substance  obtained  by  heating  the  artificial  solid  camphor  of  turpentine 
with  quick-lime  is  optically  inactive. 

Fusel  oil  has  lately  been  shown  by  Pasteur  to  be  a  mixture  of  two  kinds  of 
amylic  alcohol,  which  differ  slir^htly  in  boiling  point.  One  of  these  alcohols  is 
optically  active,  the  other  inactive. 

Rotatory  Power  induced  ht/  Magnetic  Action, — Faraday  has  made  the  remark- 
able discovery,  that  bodies  which,  in  their  ordinary  state,  exert  no  particular  action 
on  polarized  light,  acquire  the  circular-polarizing  structure  when  subjuctod  to  the 
action  of  powerful  electric  or  magnetic  forces.  A  polarized  ray  pa.ssin^  along  the 
axis  of  a  prism  or  cylinder  of  any  transparent  substance,  such  as  water  or  glass, 
has  its  plane  of  polarization  deflected  to  the  right  or  left,  as  soon  as  the  medium 
is  .subjected  to  the  action  of  an  electric  current  passing  round  it  at  right  angles  to 
the  axis,  or  to  that  of  two  powerful  opposite  magnetic  poles,  so  placed  that  their 
line  of  junction  shall  be  parallel  to  the  axis  of  the  column  of  the  transparent  sub- 
stance. The  rotation  ceases  as  soon  as  the  cloctric  or  magnetic  force  cea.ses  to  act; 
its  amount  varies  directly  as  the  strength  of  the  current;  and  its  direction  changes 
with  that  of  the  current  or  of  the  n^agnctic  force.  If  the  medium  has  a  rotatory 
power  of  its  own,  the  total  effect  is  equal  to  the  sum  or  difference  of  the  natural 
and  in'hiced  rotations,  according  as  tlie  electric  or  magnetic  force  acts  with  or 
against  the  natural  rotatory  power  of  the  medium. 

CHANGE   OF   REFRAXGIBILITY   OF   LIGHT.  —  FLUORESCENCE. 

It  was  ob.scrved  some  years  airo  by  8ir  John  Ilerschel,  that  a  solution  of  sul- 
phate of  quinine,  though  perfectly  colourles.*?  by  transmitted  light,  exhibits  in  cer- 
tain aspects  a  peculiar  blue  colour.  This  blue  light  was  found  to  be  produced 
only  by  a  very  thin  .stratum  of  the  liquid  adjacent  to  the  surface  by  which  the 
light  entered ;  and  the  incident  beam,  after  having  passed  through  the  stratum 
from  which  the  blue  light  came,  was  not  sensibly  weakened  or  coloured,  but  had 
lost  the  power  of  producing  the  usual  blue  colour  when  admitted  into  another 
eolation  of  sulphate  of  quinine.  Light  thus  modified  was  said  by  Sir  J.  Ilerschel 
to  bo  epipolized. 

Similar  phenomena  were  observed  by  Sir  D.  Brewster  in  an  alcoholic  solution 
of  chlorophyll,  the  green  colouring  matter  of  leaves,  the  path  of  a  beam  of  sun- 
light admitted  into  the  green  solution  being  marked  by  a  bright  light  of  a  blood- 
red  colour.  The  same  appearance  was  afterwards  observed  in  various  vegetable 
solutions  and  essential  oils,  and  in  some  solids.  I^rewster  distinguished  this  phe- 
nomenon by  the  name  of  internal  dispersionj  attributing  it  to  thfe  irregular  reflec- 
tion of  the  lif^ht  from  coloured  particles  suspended  in  the  liquid,  and  was  of 
opinion  that  Ilerschers  epipolic  dispersion  was  only  a  particular  case  of  this  in- 
ternal dispersion. 

The  true  explanation  of  these  remarkable  phenomena  has,  however,  been  given 
by  Professor  Stokes,*  who  has  submitted  the  whole  subject  to  the  most  searching 
investigation,  and  shown  that  the  peculiar  dispersion  produced  by  sulphate  of 
quinine,  and  the  other  liquids  above  mentioned,  is  due  to  a  change  of  re/ran' 
gibilitf/  in  the  rays  of  light.     The  following  experiment  renders  this  evident:  — 

A  solar  spectrum  is  formed  by  means  of  an  achromatic  lens,  and  one  or  more 
prisms  of  flint  glass,  sufficiently  pure  to  render  visible  the  principal  fixed  lines, 
and  a  tube  filled  with  a  solution  of  sulphate  of  quinine  is  passed  along  this  spec- 
tmm,  from  the  red  towards  the  violet  end.  Nothing  peculiar  is  observed  while 
the  tube  is  held  in  the  less  refrangible  part  of  the  spectrum,  the  light  passing 
tbrough  it  freely  and  without  sensible  modification  ;  but  just  before  it  reaches  the 
extremity  of  the  violet,  a  peculiar  blue  diffused  light  makes  its  appearance  at  the 
sarface  of  the  fluid  by  which  the  light  enters,  and  remains  visible  even  after  the 

*  Phil.  Tr&ns.  1852,  ii.  4C3. 
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aperture,  when  the  illumination,  if  really  due  to  fluorescence,  almost  wliolly  dis- 
appears ;  whereas,  if  it  be  due  merely  to  scattered  light  capable  of  passing  through 
both  media,  it  remains.  In  examining  feebly  fluorescent  substances,  however,  it 
is  better  to  keep  the  second  medium  in  its  ])lacc  before  the  eye,  and  to  use  a  third 
medium,  the  trausfcr-mtdium,  placing  the  last  alternately  in  tlie  path  of  the  inci- 
dent niys,  and  between  the  object  and  the  eye.  Still  greater  delicacy  of  obser^•a- 
tion  is  attained  by  placing  the  substance  side  by  side  with  a  small  white  porcelain 
tablet,  which  is  quite  destitute  of  fluorescence,  and  examining  the  two  as  above. 
Or,  again,  the  object  being  placed  on  the  tablet,  a  slit  is  held  close  to  it,  in  such 
a  position  as  to  be  seen  prujeeted,  partly  on  the  object,  partly  on  the  tablet,  and 
tphe  slit  is  viewed  through  a  prism.  The  fluorescence  of  the  object  is  evidenced 
by  light  appearing  in  regions  of  the  spectrum,  in  which  the  rays  coming  through 
the  principal  ab:3orbeut,  and  scattered  by  the  tablet,  produce  nothing  but  dark- 
ness. Tliesc  methods  are  delicate  enouirh  to  show  the  fluorescence  of  white 
paper,  even  on  a  very  gloomy  day. 

It  is  not  merely  the  most  refrangible  rays  that  are  c^ipable  of  producing  fluores- 
cence; the  rays  of  any  part  of  the  spectrum  may  undergo  this  change.  IJy 
examining  diilereut  media  with  the  spectrum  in  the  manner  already  described,  it 
is  seen  that  the  fluorescence  begins,  sometimes  in  the  blue,  sometimes  in  tho 
yellow.  With  an  alcoholic  solution  of  chlorophyll,  it  begins  in  the  red.  IJut 
wherever  the  change  of  refnmgibility  may  begin,  it  is  always  in  one  direction, 
consisting  in  a  diminution  of  the  index  of  refraction,  imd  a  consequent  depression 
of  the  light  in  the  scale  of  colours.  In  other  words,  the  Inujlh  of  the,  wave  is 
liic/vrtSf'-/,  and  its  vibfCittj  of  \u\duh\twii  dlminUUvd.  The  vibrations  of  the  ether 
ID  the  incident  ray  appear  to  excite  disturbances  within  the  complex  molecules  of 
the  fluorescent  medium,  whereby  new  vibrations  are  excited  ip  the  ether,  differ- 
ing in  period  from  those  of  the  incident  ray.  The  portion  of  the  light  which  has 
produced  this  molecular  di.«iturbance  is  used  up,  or  absnrhnJy  and  thereby  lost  to 
visual  perception,  just  as  heat  is  converted  into  mechanical  work.  It  is  probable 
that  the  absorption  of  light  always  takes  place  in  this  nftnner.  The  well-known 
fact  of  the  conversion  of  luminous  rays  into  invisible  caloriGc  rays,  is  a  striking 
instance  of  diminution  of  refrangibiiity  accompanied  by  absorption. 

As  the  most  refrangible  rays  are  tho  most  active  in  producing  fluorescence,  it 
is  natural  that  this  eifect  should  be  most  .strikingly  exhibited  by  the  light  of 
flames  which  arc  rich  in  those  rays,  —  the  flame  of  idcohol  and  of  sulphur,  for 
example.  These  ilanics  do,  in  fact,  produce  the  effect  in  a  liigher  degree  even 
than  sunlight.  An  extremely  beautiful  effect  is  produced  by  exposing  a  number 
of  highly  fluorescent  media,  such  as  sulphate  of  (juinine,  infusion  of  horse-chesnut 
bark,  and  canary-glass,  to  the  flame  of  sulphur  buminir  in  oxygon  in  a  dark  room. 

The  similarity  of  the  blue  light  diffused  by  most  fluorescent  media  to  the  phos- 
phorescence exliibited  by  certain  bodies,  might  lead  us  to  suppose  that  the  two 
phenomena  proceed  from  the  same  cause.  Such,  however,  is  not  the  case :  for 
fluorescence  is  entirely  dependent  on  the  incidence  of  certain  rays,  whereas  phos- 
phorescence is  ns^t;  and,  moreover,  there  is  no  apparent  connection  between 
fluorescent  and  j)hosphorescent  bodies.  So  far  as  observation  has  yet  gone, 
phosphorescent  bodies  are  not  fluorescent. 

SPECTRA   EXHIBITED   BY   COLOURED   MEDIA. 

The  colour  of  an  object  depends  upon  the  rays  which  it  reflects  or  tran.smits  to 
the  eye  ;  it  is,  in  fact,  the  mixture  or  resultant  of  all  the  rays  which  the  body  does 
Bot  absorb.  We  cannot,  however,  from  observation  with  the  unassisted  eye,  judge 
with  certainty  of  the  rays  which  are  transmitted  or  reflected  ;  because  the  same, 
or  nearly  the  same,  compound  tint  may  result  from  the  union  of  very  diflferent 
primary  colours.  Thus  a  body  may  exhibit  an  indigo  or  violet  tint,  either  because 
It  absorbs  all  the  rays  excepting  those  which  form  the  indigo  or  violet  portions  of 
43 
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while  the  '^rcd  potas.sio-oxalatc'*  absorbs  the  green  so  speedily  that  the  thinuest 
portion  of  it  appears  bluish  red. 

Salts  composed  of  a  coloured  base  and  a  coloured  acid  exhibit  colours  com- 
pounded  of  the  rays  which  are  not  absorbed  by  either,  the  resultant  colour  bear- 
iDf];,  in  many  instances^  but  little  resemblance  to  the  oripnul  colours.  Thus,  the 
acid  chromatc  of  chromic  oxide,  a  compound  of  two  substances  which  give  re- 
spectively yellow  and  green  solutions,  is  not  bright  green,  but  brownish-red, 
because  the  chromic  acid  cuts  oif  nearly  all  the  blue  and  violet  rays,  while  tho 
oxide  of  chromium  absorbs  the  yellow  and  the  greater  part  of  the  green. 

Some  salts,  which  are  but  slightly  coloured,  nevertheless  exhibit  very  characte- 
ristic spectra.  Thus,  a  solution  of  sulphate  of  didymium,  which  has  but  a  faint 
rose  colour,  exhibits,  when  examined  by  the  hollow  wedge  and  prism,  a  spectrum 
containing  two  very  black  lines,  one  in  the  yellow,  tho  other  in  the  green.  These 
lines  are  visible  in  very  weak  sulutions  of  didymium,  and  therefore  8er\'e  as  a 
delicate  test  for  that  metal ;  they  niorcovcr  afford  the  means  of  distinguishing  it 
from  cerium  and  lanthanum,  in  tho  spectra  of  which  they  do  not  occur. 
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Chlorine  and  hydrogen  combine  under  the  influence  of  light,  and  form  hydro- 
chloric acid.  3Ioreover,  if  the  gaseous  mixture  is  in  contact  with  water,  the  re- 
sulting hydrochloric  acid  is  immediately  absorbed,  and  the  diminution  of  volume 
thus  produced  affords  a  measure  of  the  amount  of  chemical  action.  This  mode 
of  measurement  was  first  adopted  by  Dr.  Draper,  of  New  York,  whoso  ^experi- 
ments led  to  tho  important  coucluaion  that  the  clumkal  action  of  light  varies  in 
direct  proportion  to  the  intensity  of  the  lijhty  and  to  the  time  of  exposure. 

But  to  give  to  this  method  all  the  exactness  of  which  it  is  susceptible,  certiin 
conditions  retjuire  to  be  fulfilled  ;  the  chief  of  which  are  perfect  uniformity  in  the 
gaseous  mixture,  constancy  of  pressure  on  the  gas  and  liquids  throughout  tho 
apparatus,  and  elimination  of  the  disturbing  action  of  radiant  heat.  These  and 
other  essential  conditions  are  completely  fulfilled  in  the  apparatus  used  by  Pro- 
fessor Bunsen  and  Dr.  H.  Roscoc,  in  their  late  elaboratere  searches  on  the  chemi- 
cal action  of  light.* 

This  apparatus  is  represented  in  figure  225.  To  furnish  the  mixture  of  chlo- 
rine and  hydrogen  gases  required,  hydrochloric  acid  is  decomposed  in  the  glass 
vessel  a,  containing  two  carbon  poles,  connected  by  platinum  wires  with  the  four- 
celled  Bunsen's  battery,  c.  Between  the  battery  and  this  vessel  is  interposed  an 
instrument  called  the  gyrotrope,  by  means  of  which  the  current  may  be  made  to  pass 
either  directly  through  the  acid  vessel  a,  or  previously  through  the  vessel  d  contain- 
ing very  slightly  acidulated  water,  whereby  the  current  is  greatly  weakened,  and 
the  evolution  of  gas  in  the  vessel  a  reduced  to  a  small  amount.  The  mixture  of 
chlorine  and  hydrogen  passes  from  the  vessel  a  through  the  washing-tube  zr,  con- 
taining water,  then  forward  through  a  horizontal  tube  provided  with  a  glass  cock, 
A,  into  the  insolation  vessel  i,  where  the  gases  are  exposed  to  the  action  of  light. 
The  lower  part  of  this  vessel,  containing  water,  is  blackened  to  protect  it  from 
the  action  of  the  light.  From  the  insolation  vessel,  the  gas  passes  through  tho 
borizontal  measuring-tube  K,  provided  with  a  millimeter  scale,  then  through  tho 
water  in  the  small  vessel  /,  and  finally  into  a  vessel  filled  with  fragments  of  char- 
coal and  hydrate  of  lime,  to  absorb  the  excess  of  chlorine. 

When  the  gas  is  made  to  stream  through  the  apparatus,  the  liquids  in  a,  tr,  i, 
and  /,  become  gradually  saturated  with  gas;  and  as  the  saturation  goes  on,  the 
compr^sition  of  the  gas  varies.  At  length,  however,  after  the  stream  of  gas  has 
been  continued  for  three  or  four  days,  the  liquids  become  saturated,  and  then  the 

•  Togg.  Aun.  0.  43,  481 ;  abstr.    Proceedings  of  tho  Royal  Society,  viii.  236,  23C,  616. 
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serves  also  to  prevent  radiation  from  external  objects.  Tlie  heat  cvolvc<l  in  tlic 
insolation  vcs.sel  by  the  combustion  of  the  mixed  gnscs,  was  found  by  direct  ex- 
periment, not  to  exert  any  sensible  influence  on  the  results.  All  the  parts  of  the 
apparatus  between  a  and  /  are  connected* by  ground-glass  joints  or  by  fusing;  no 
caoutchouc,  or  any  other  organic  matter,  which  could  be  acted  upon  by  the 
chlorine,  being  introduced,  excepting  in  those  parts  which  merely  serve  to  carry 
away  the  waste  gas. 

PhotO'chrmival  Induction.  —  On  exposing  the  gas  to  the  light,  the  quantity  of 
hydrochloric  acid  formed  docs  not  at  once  attain  the  maximum :  a  certain  time 
always  elapses  before  any  alternation  of  volume  is  perceptible ;  a  slight  alteration 
is,  however,  poon  observed,  and  this  gradually  increases  till  the  permanent  maxi- 
mum is  reached.  This  remarkable  fact  was  lirst  observed  by  Draper,  who  ex- 
plained it  by  supposing  that  the  chlorine  underwent,  by  exposure  to  light,  a  per- 
iiianent  allutropic  n'.odiiicatinu,  in  which  it  possessed  more  tlian  usually  active  pro- 
perties. But  Bunsen  and  ]{u*icoe  have  shown  that  neither  chlorine  nor  hydrogen, 
Trhen  separately  insolated,  undergoes  any  such  modification,  no  difference  being 
iodeed  perceptible  between  the  action  of  light  on  a  mixture  of  the  gases  which 
have  been  separately  insolated  before  mixing,  and  on  a  mixture  of  the  same  gases 
evolved  and  previously  kept  in  the  dark.  The  light  appears  then  to  act  by  in- 
creasing the  attraction  between  the  chemically  active  molecules,  or  by  overcoming 
certain  resistances  which  oppose  their  combination.  This  peculiar  action  is  called 
photo-chemical  induction. 

The  time  wliicli  elapses  from  tlie  beginning  of  the  exposure  till  the  maximum 
action  i&  attained^  varies  considerably  according  to  circumstances,  the  maximum 
being  sometimes  reached  in  lifteen  minutes,  sometimes  in  three  or  four  minutes. 
In  one  instance,  the  first  action  was  visible  only  after  six  minutes  insolation, 
whilst  in  some  experiments  a  considerable  action  was  observed  in  the  first 
minute. 

The  duration  of  the  inductive  action  varies  with  the  mass  of  the  gas,  and  with 
the  amount  of  light.  With  a  constant  quantity  of  light,  it  increases  with  the 
Tolumc  of  the  exposed  gas.  With  a  constant  volume  of  gas  it  is  found  : — 1.  That 
the  time  necessary  to  efi'ect  the  first  action  decreases  with  increase  of  light,  and  in 
a  greater  nitio  than  the  increase  of  light.  —  2.  That  the  time  which  elapses  until 
the  maximum  is  attained,  also  decreases  with  increase  of  light,  but  in  a  less  ratio. 
-^.  That  the  increase  of  the  induction  proceeds  at  first  in  an  expanding  series^ 
and  then  converges  till  the  true  maximum  is  attained. 

The  condition  of  increased  combining  power  into  which  the  mixture  of  chlorine 
and  hydrogen  is  brought  by  the  action  of  light,  is  not  permanent ;  on  the  con- 
trary, the  resistance  to  combination  overcome  by  the  influence  of  the  light,  is  soon 
restored  when  the  gas  is  allowed  to  stand  in  the  dark. 

The  resistance  to  combination  which  prevents  the  union  of  the  gases  until  the 
action  is  assisted  by  light,  may  be  increased  by  various  circumstances,  especially 
by  the  presence  of  foreign  gases,  even  in  very  small  quantity.  An  excess  of 
To*oo  ^^  hydrogen  above  that  contained  in  the  normal  mixture,  reduces  the  action 
Irom  100  to  J58.  Oxygen,  in  quantity  amounting  to  only  j-^,^^|^  of  the  total  volume 
of  gas,  diminishes  the  action  from  100  to  4*7;  and  jj-jg  reduces  it  from  100  to 
1*3.  An  excess  of  -f/,}{,-j  of  chlorine  reduces  the  action  from  100  to  GO-2;  and 
'l'oi?ti  ^^^^  1^^  *^  41  o.  A  small  quantity  of  hydrochloric  acid  gas  does  not 
produce  any  appreciable  diminution;  ^^^^^^  of  the  non-iusolatcd  mixture  reduces 
the  action  from  100  to  65. 

The  increase  in  the  rate  at  wliich  combination  goes  on  up  to  a  certain  point 
under  the  influence  of  light,  appears  to  arise,  not  from  any  peculiar  property  of 
light,  but  rather  from  the  mode  of  action  of  chemical  affinity  itself.  Chemical 
induction  is  in  fact  observed  in  cases  in  which  there  is  nothing  but  pure  chemical 
action  to  produce  the  alteration.   ThuS;  when  a  dilute  aqueo\]L&  Bo\\)Ai\oii  q1  V^qtslwi^ 
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Sfeamrement  o/ike  Forre  of  EUclric  CurrrnU. — There  ore  two  mctliods  by 
vliich  tbo  forces  of  electric  currents  are  compared  with  each  other,  viz.,  tlie 
ehfJnicaf,  or  elrctroli/t!c,  and  the  cleelrama;/ttclic  methods. 

Faradaj  has  shown  that  tlic  amount  of  clicinicnl  work  done  is  the  same  in  all 
porta  of  the  circuit;  that,  if  two  ilcconi posing  cells  be  introdaccd,  one  contDioiiig 
dilute  sulphuric,  the  other  hydrochloric  acid,  the  quantity  of  hydrogen  evolved  is 
the  nanic  in  botli,  and  equal  to  the  Iiydrojien  evolved  (by  true  current  action)  in 
each  cell  of  the  h.ittcry ;  moreover,  that  the  quantities  of  different  elements  clinil- 
natcd  in  any  part  of  the  circuit,  arc  always  in  the  ratio  of  their  c(|uivali'nt  wciglita. 
The  voltameter  (p.  221)  affords,  therefore,  a  true  and  exact  mcOEure  of  the  amount 
of  the  chemical  or  electrical  force  developed  by  the  battery.  But  it»  indicatLons 
are  not  always  sufficiently  rapid.  In  fact,  in  utiing  this  instrument,  it  is  neccswiry 
to  wait  till  a  ntcasurable  quantity  of  gas  Ls  cullcctcd.  It  will,  therefore,  indicate 
the  rolative  quantity  of  electricity  which  has  passed  through  the  circuit  in  a  cer- 
tain finite  interval,  say  in  a  Diiuute ;  but  it  gives  no  infurniution  of  any  variations 
that  may  have  tahcn  place  duriug  tliat  interval;  moreover,  it  can  only  be  used  to 
measure  currents  of  considerable  strength. 

77ie  Tangent-rompai». — To  supply  these  deficiencies,  and  obtain  csact  and 
instanlaneoDs  indications  of  the  rclalivo  forces  of  electric  currents,  recourse  is  had 
to  the  electro-magnetic  method,  which  consists  in 
observing  the  deflection  of  a  magnetic  needle  pro-  ^to.  220. 

duccd  by  the  current.  Instruments  for  this  pur- 
pose  arc  called  Giilvaaometm  or  Iiiuom':tfr$.  Tiic 
effect  of  a  coil  of  wire  in  intensifying  the  effect  of 
the  current  upon  a  magnetic  needle,  is  described  at 
page  221  of  this  work.  But  the  kind  of  inMru- 
mcnt  there  described,  though  commonly  called 
%  galvanometer,  is  really  only  a.  galvanoscope,  or 
mnlliplier.  It  indicates  with  great  delicacy  the 
existence  and  dircclion  of  an  electric  current,  but 
it  is  not  constructed  for  quantitative  determinations. 

In  the  true  galvanometer  ^Fig.  220)  the  current, 
instead  of  passing  through  a  long  coil  of  wire  placed 
close  to  the  needle,  is  made  to  pass  through  a  broad 
circular  band  of  brass  or  copper,  p  q,  of  considerable 
dimensions,  in  the  centre  of  which  is  placed  a  mag- 
netic needle,  n,  the  length  of  which  is  very  small  in 
comparison  with  the  diameter  of  the  cireular  con- 
ductor, so  that  the  distance  of  the  extremity  of  tho 
needle  from  the  conductor  i<  q,  and  consequently  the  force  exerted  upon  it  by  the 
current,  is  sensibly  the  same  at  all  angles  of  deflection.  The  iujjtrumcnt  is  so 
pbced  that  thrj-ltriic  n/lhc  circle  p  Q  eaincides  willi  the  magntlic  meriiliuii.  To 
determine  the  relation  which  exists  under  these  circumstances  between  the 
dcficction  of  the  needle  and  the  forec  of  the  current,  let  p  q  (Gg.  227)  represent 
the  circular  conductor  seen  from  above ;  a  s  the  direction  of  the  needle  under  the 
jDfluCDee  of  the  current.  The  extremity  of  the  needle  is  then  acted  upon  by  two 
ibrces,  viz.,  the  force  of  terrestrial  magnetism  acting  parallel  to  p  q,  and  the  force 
of  the  current  noting  at  right  angles  to  that  direction.  Let  these  forecs  be  repre- 
sented in  magnitude  and  diroctiua  by  the  lines  ab,  ac.     Draw  also  the  lino  fa.  d 
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the  battery  is  proportional  to  the  quantity  of  electricity  developed  in  a  uivon 
time;  and  by  a  doable  or  treble  resistance,  we  mean  simply  that  which;  with  a 
given  amount  of  exciting  power  in  the  battery,  reduces  the  quantity  of  electricity 
developed,  or  work  done,  to  one-half  or  one-third.  If,  then,  wo  denote  the  elec- 
tromotive force  of  the  battery  by  E^  and  the  resistance  by  Ry  wc  have,  for  the 
quantity  of  electricity  passing  through  the  circuit  in  a  unit  of  time,  the  expres- 
sion : 

«-i » 

This  is  called  Ohm's  law,  from  the  name  of  the  distinguished  mathematician 
who  first  announced  it.  It  must  be  understood,  not  as  a  theorem,  but  as  a  defi- 
nition. To  say  that  the  strength  of  the  current  varies  directly  as  the  electro- 
motive force,  and  inversely  as  the  resistance,  is  simply  to  define  what  we  mean  by 
electromotive  force  and  what  wc  mean  by  resistance.* 

Let  us  now  endeavour,  by  means  of  the  formula  (1),  to  estimate  the  cfToct  pro- 
duced on  the  strength  of  the  current  by  increasing  the  number  and  size  of  the 
plates  of  the  battery.  The  resistance  R  consists  of  two  parts;  viz.,  that  which 
the  current  experiences  in  passing  through  the  cells  of  the  battery  itself,  and  that 
which  is  offered  by  the  external  conductor  which  joins  the  poles.  This  conductor 
may  consist  either  wholly  of  metal,  or  partly  of  metal  and  partly  of  electrolytic 
liquids.  Let  the  resistance  within  the  battery  be  r,  and  the  external  resistance 
f^ ;  then,  in  the  one-celled  battery,  we  have 

Now  suppose  the  battery  to  consist  of  n  cells  perfectly  similar ;  then  the  electro- 
motive force  becomes  iiE,  the  resistance  within  the  battery  nr;  if,  then,  the  ex- 
ternal resistance  remains  the  same,  the  strength  of  the  current  will  be  denoted  by 

^— ;i7+7  =  — 7 ^*^^ 

r  +  - 
n 

If  r'  be  small,  this  expression  has  nearly  the  same  value  as  — —, ;  that  is  to  say, 

if  the  circuit  be  closed  by  a  good  conductor,  such  as  a  short  thick  wire,  the 
quantity  of  electricity  developed  by  the  compound  battery  of  n  cells,  is  sensibly 
the  same  as  that  evolved  by  a  single  cell  of  the  same  dimensions.  But  if  /  is  of 
considerable  amount,  as  when  the  circuit  is  closed  by  a  long  thin  wire,  or  when  an 
electrolyte  is  interposed,  the  strength  of  the  current  increases  considerably  with 
the  number  of  plates.  In  fact,  the  expression  (3)  is  always  greater  than  (2) ; 
for — 

nE     _     E      _       (/I— 1)^/ 
«r  4-  r'         r  -f-  /  ""   (nr  -f  r';  (r  +  /)  ^ 

a  quantity  which  is  necessarily  positive  when  n  is  greater  than  unity. 

Suppose,  in  the  next  place,  that  the  size  of  the  plates  is  increased,  while  their 
number  remains  the  same.  Then,  according  to  the  chemical  theory,  an  increase 
in  the  surface  of  metal  acted  upon  must  produce  a  proportionate  increase  in  tho 
quantity  of  electricity  developed,  provided  the  conducting  power  of  the  circuit  is 

•  It  must  be  remembered  that  wo  are  here  merely  comparing  the  strength  of  electric  cur- 
mts  one  with  the  other,  not  reducing  the  current  force  to  absolute  mechanical  mcisure,  or 
wen  eompiring  it  with  the  electro-statio  forces  of  attraction  and  repulsion.     (See  page 
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+     1 

rom  the  results  of  this  aoA  Bimilsr  expcrimcats,  it  ia  inferred  that—  Ae  re- 
mce  o/n  conriuclor  of  wiif'jrm  ihickneu  varies  directli/  at  its  hnglh. 
'if  Rhtosttit  or  Currenl-rojulalor — TJic  various  forma  of  the  so-called  constant 
ery,  DaQJcirs  for  c:cample  (p,  218),  attain  their  end  but  imperfectly,  a  gaWan- 
Icr  included  in  the  circuit  always  czhihitin^  more  or  less  variatioD.  A 
\j  constant  current  can  only  be  obtained  bj  intcrposiog  in  the  circuit  a  con- 
ing wire  of  variable  Icngtb,  so  that  the  TcsistaDce  may  be  increued  or 
aighcd  as  the  action  of  tbo  battery  becomes 
iger  or  neakcr.     Various  instruments  have  Fia.  226. 

contrived  fur  this  purpose.  The  one  most 
,  invented  by  Professor  Whcatstone,  is  ro- 
iiiled  in  fig.  228.     a  and  B  are  two  cjlin- 

of  the  samo  dimensions  —  the  first  of  diy 

,  the  second  of  bmss  —  placed  with  their 

pa  mile)   to    each    other.      The   wooden 

der  A  has  a  fine  screw  cut  on  its  surface, 

around  it,  following  the  thread  of  tho 
r,  is  coiled  a  thin  brass  wire.  One  ex- 
it; of  this  wire,  is  attached  to  a  brass 
V,  at  the  nearer  end  of  the  wooden 
idcr,  and  the  other  to  the  farther  extremity 
he  brass  cylinder.     The  ring  v  and   tho 

end  of  the  brass  cylinder  arc  connected  with  the  wires  of  the  battery  through 

medium  of  the  screw-joints  c  d.  A  movable  handle,  h,  aervcs  to  turn  the 
aders  alternately  round  their  axes.  By  turning  B  to  tho  right,  the  wire  is  no- 
id  from  A  and  coiled  upon  n ;  and  the  contrary  when  a  is  turned  to  the  left. 
:  QDmhcr  of  coils  of  wire  upon  a  arc  indicated  by  a  scale  placed  between  the 
nders,  the  fractions  of  a  turo  bcin<;  measured  by  an  index  moving  round  the 
;  V,  which  is  graduated  accordinp;ly.  As  the  coils  of  the  wire  are  insulated 
the  wooden  cylinder,  but  not  on  the  brass,  it  is  evident  that  the  path  of  the 
rent  will  he  longer,  and  therefore  the  resistance  greater,  in  proportion  to  the 
ober  of  coils  of  wire  upon  the  wooden  cylinder. 

1;  means  of  the  rheostat  and  the  tangent-compass,  the  resistances  afforded  by 
ercnt  conductors  to  the  passage  of  the  current  may  be  measured  with  great 
lity.     Suppose  that  when  the  wire  of  the  rhco^^tat  is  completely  uncoiled  from 

wooden  cylinder  (the  index  then  standing  at  0°),  a  tangent-compaBa  intro- 
ed  into  the  circuit  shows  a  deflection  of  46°,  Then  let  a  copper  wire  four 
h  long  and  Ath  of  an  inch  thick,  be  introduced  into  any  part  of  the  same 
oit.  The  gal  van  0  me  tor- nee  die  will  then  exhibit  a  smaller  deflection,  say  37°. 
removing  the  wire,  the  galvanometer  will  again  exhibit  its  former  deflection 
6°.  Now  iet  the  rheostat  wire  be  coiled  round  the  wooden  cylinder  till  the 
lie  returns  to  37°,  and  suppose  that  to  produce  this  effect  twenty  turns  of  the 
«tat  wire  are  necessary.  This  length  of  the  rheostct  wire  produces  a  resist- 
t  equal  to  that  of  the  wire  under  examination.  Next  let  a  similar  ezperipient 
isde  with  a  wiro  of  the  same  length  but  of  twice  the  thickness,  uid  cn^no- 
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qncntly  having  a  transverse  section  four  times  as  great  as  that  of  the  ftrmer.  li 
will  be  found  that  five  turns  of  the  rheostat  wire,  or  one-fourth  of  the  funner 
lcnp;th,  are  sufficient  to  produce  a  resistance  equal  to  that  of  the  second  wire.  By 
experiments  thus  conducted  it  is  found  that :  Tike  resistanve  of  a  virt  or  any  cthtr 
conductor  of  given  length  varies  inversely  as  its  transverse  section.  And  con- 
paring  this  result  with  that  which  was  established  at  paj^e  CS2,  we  find  thai: 
Conductors  of  the  same  material  offer  equal  resistances,  trhen  their  lengthi  are  fs 
one  another  in  the  same  proportion  as  their  transverse  sections. 

In  a  similar  manner,  tho  relative  conducting  powera  of  different  metals  ilst  be 
ascertained.  Taking  the  resistance  of  pure  copper  as  the  unit,  it  is  found  that 
that  of  iron  is  7*02,  of  brass  3-95,  of  German  silver  15*47.  The  conduciisg 
powers  arc  of  course  inversely  as  these  numbers  (p.  650). 

Heating  Power  of  the  Voltaic  Current. '-^The  degree  of  heat  excited  is  a 
metallic  wire  by  the  passage  of  the  current,  increases  with  the  fetrength  of  ibe 
current  and  with  the  resistance  of  the  wire.  To  determine  the  numerical  rtla. 
tions  of  this  phenomenon,  the  wire  to  be  heated  is  formed  into  a  spiral  and  enclcHd 
within  a  vessel  containing  strong  alcohol,  or  some  other  Don-conducting  liqaid.  ia 
order  that  the  current  may  pass  entirely  through  the  wire,  and  not  through  tie 
liquid  itself.  The  rise  of  temperature  in  the  liquid  is  noted  by  a  delicate  tbfl^ 
momcter;  the  strength  of  the  current  measured  by  the  tangent-compass;  andtl^ 
resistance  of  the  wire  afterwards  determined  in  the  manner  above  deacril^cd.  Br 
this  method  Lenz*  has  shown  that :  — 

The  quantity  of  heat  evolved  in  a  given  time  is  directly  proportioneii  to  di 
resistance  of  the  wire,  and  to  the  square  offJte  quantity  of  electricity  tchickjHUsa 
through  it. 

The  same  result  has  been  obtained  by  Joulc,f  both  for  wires  and  liquid  ees- 
duetors ;  by  E.  Becquercl  for  liquids ;  and  by  lliess|  for  the  heat  produced  bj  the 
discharge  of  the  electricity  accumulated  in  a  Leydcn  jar. 

deduction  of  the  Force  of  the  Current  to  absolute  mechanical  Pleasure: — Tha 
important  determination  has  been  made  the  subject  of  an  extensive  research  hf 
Weber  and  Kohlrausch.§  To  understand  the  results  obtained  by  these  philc«o- 
phcrs,  it  is  necessary  to  define  exactly  the  several  units  of  measurement  adopM : 

a.  The  unit  of  electric  fluid  is  the  quantity  which,  when  concentnt<d  in  • 
point,  and  acting  on  an  equal  quantity  of  the  same  fluid  also  concentrated  ia  a 
point,  and  at  the  unit  of  distance,  exerts  a  repulsion  equal  to  the  unit  of  fcTCi' 

h.  Tho  unit  of  electrochemical  intensity  is  the  force  of  the  current  whi:b.  ia  a 
unit  of  time,  decomposes  a  unit  of  weight  of  water,  or  an  equivalent  quantitr  d 
any  other  electrolyte. 

c.  The  unit  of  electromagnetic  force,  is  the  force  of  a  current  which  —  when  ii 
traverses  a  circular  conductor  whose  area  is  equal  to  the  unit  of  surface,  and  aett 
upon  a  magnet  whose  magnetic  moment  is  equal  to  unity,  the  ninirnct  beio;  placed 
at  a  great  distance,  and  in  such  a  manner  that  its  axis  is  parallel  to  the  place  of 
the  conductor,  and  its  centre  on  a  lino  drawn  through  the  centre  of  the  evK^ 
conductor,  and  perpendicular  to  its  plane — exerts  upon  the  magnet  a  rolatorr  fore* 
equal  to  unity  divided  by  the  cube  of  the  distance  between  the  centre  of  the  neiHlk 
and  the  centre  of  the  conductor. 

Weber  had  shown  by  previous  experiments  that  the  unit  of  electrocbeoicil 
force  is  to  that  of  electromagnetic  force  as  lOG-  to  1.  It  remained,  iherete^  u 
determine  the  relation  between  the  electromagnetic  unit  and  the  electnsBUtie  "'" 


*  Pogg.  Ann.  Ixi.  18.  f  ThiL  Mag.  [5],  aia.  3^ 

t  Pogg.  Ann.  xl.  335 ;  xliii.  47 ;  xlv.  1. 

(Abbandlungen  der  MathcmatUich-pbyaiflchen  CUsse  der  EonigL    Sacfciuchaa 
d.  wiaa.    li«vpiv%.,  \^Q. 
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(1),  and  thus  to  establish  a  numerical  relation  between  statical  and  dynamical 
electricity.     The  mode  of  experimenting  was  as  follows  :  — 

1.  A  Lcyden  jar  having  been  strongly  charged,  its  knob  was  touched  with  a 
large  metallic  ball,  which  took  from  it  a  certain  portion  of  its  charge,  determined 
by  previous  experiments.  The  chai^o  of  the  ball  was  then  transferred  to  the 
torsion-balance,  and  the  repulsive  force  measured.  At  the  same  time,  the  remainder 
of  the  charge  of  the  jar  was  made  tp  traverse  the  wire  of  a  galvanometer,  prev- 
iously, however,  having  been  passed  through  a  long  column  of  water,  io  order  to 
give  it  a  sensible  dumtioD,  and  prevent  it  from  passing  from  one  coil  of  the  wire 
to  another  in  the  form  of  a  spark.  In  this  manner,  a  relation  was  established 
between  the  statical  and  dynamical  effects  of  the  charge  of  the  jar. — 2.  The  inten- 
sity and  duration  of  a  voltaic  current  were  determined,  which  imparted  to  the 
galvanometer  needle  the  same  deflection  as  that  produced  by  the  discharge  of  the 
Ijeyden  jar. 

The  results  of  the  experiments  were  as  follows :  — 

Through  each  section  of  a  conductor  traversed  by  a  current  whose  force  is  equal 
to  the  electromagnetic  unit,  there  passes  in  a  second  of  time  a  riuantity  of  positive 
electricity  equal  to  155,370  x  10^  statical  units  (p.  684,  a),  and  an  equal  quantity 
of  negative  electricity  travelling  in  the  opposite  direction. 

The  quantity  of  electricity  required  to  decompose  one  milligramme  of  water, 
amounts  to  106|  times  this  quantity,  or  16,573  x  10"  units  of  electricity,  of  each 
kind.  To  decompose  nine  milligrammes  of  water,  or  one  equivalent,  requires  of 
oourse  nine  times  this  amount  of  electricity.  This  quantity  of  positive  electricity 
0^  X  16,573  X  10")  accumulated  on  a  cloud  situated  1000  meters  above  the  sur- 
mco  of  the  earth,  and  acting  on  an  equal  quantity  of  negative  electricity  on  the 
surface  of  the  earth  below  the  cloud,  would  exert  an  attractive  force  equal  to 
226,800  kilogrammes,  or  208  tons. 

From  the  same  data  it  is  calculated  that,  if  all  the  particles  of  hydrogen  in  one 
milligramme  of  water  in  the  form  of  a  column  one  millimeter  long,  were  attached 
to  a  thread,  and  all  the  particles  of  oxygen  to  another  thread,  then,  to  effect  the 
decomposition  of  the  water  in  a  second,  the  two  threads  would  require  to  be  drawn 
in  opposite  directions,  each  with  a  force  of  147,380  kilogrammes,  or  145  tons.  If 
the  water  were  decomposed  with  less  velocity,  the  tension  would  be  proportionally 
less. 
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ATOMS  AND   EQUIVALENTS. 

Equivalent  quantities  of  any  two  substances  are  such  as  can  replace  one  an- 
other in  combination,  producing  compounds  of  similar  chemical  character.  Thus, 
when  copper  is  immersed  in  a  solution  of  nitrate  of  silver,  31*7  parts  of  copper 
take  the  place  of  108  parts  of  silver,  forming  a  neutral  nitrate  of  copper. 
Similarly,  the  31*7  parts  of  copper  may  be  replaced  by  32-5  parts  of  zinc,  and 
these  again  by  SO  parts  of  potassium,  the  product  of  the  substitution  being  in 
each  case  a  neutral  salt.  These  quantities  of  silver,  copper,  zinc,  and  potassium, 
are  therefore  equivalent  to  one  another:   they  discharge  aoalo^^ia  ^^^\ii\^ 


6SG  CnKMTCAL    NOTATIOy. 

functions.     In  like  manner,  47  parts  of  potnsli,  and  HI  jiarts  <»f  smk  iro  cnuiw 
Icnt,  because  they  unite  with  the  same  quantity  of  an  acid  to  innu  lieuiral  •ait.*. 
Equivalent  numbers  cannot,  however,  be  always  dctermiui'd  by  actual  *u'''*m'i- 
tion.     Six  parts  of  carbon  are  said  to  be  equivalent  to  14  parts  of  nltrcct.!) ;  bui 
there  is  no  known  instance  of  the  direct  replacement  of  ijitrc*rcn  by  lirl-.n. 
'  Moreover,  certain  quantities  of  sulphuric  acid  and  soda  are  i«poken  of  a?  eju^^a- 
lent  to  one  another,  although  it  is  plainly  impossible  that  bodies  so  opr^>^:C''  is 
character  should  discharge  the  same  chemical  function.     In  fact,  the  tcrji  c, bi- 
valent is  frequently  used,  not  in  its  strict  etymulojrical  sense,  but  as  .^yn.-jjiij.tts 
with  combining  number.     Eight  parts  of  oxygen  are  said  to  be  c^iui^a^Li  :-.  1 
part  of  hydrogen,  because  the  bodies  unite  in  this  proportion  tu  furm  waSvr  p. 
113).     This  confusion  of  the  terms  equivalent  and  combining  ij;:iiibir.  aT.i-?i 
from  the  circumstance  that  the  combininc?  numbers  in  most  irencnil  ufo  iiuv  l-  a 
selected  so  as  to  represent,  in  many  cases,  the  true  equivalents.     N wcrtbi. •,>."«.  lu- 
ideas  of  equivalent  and  combining  proportion  are  essentially  ditlcrcLt.  iid  ;:e 
numbers  which  relate  to  them  cannot  be  made  to  coincidi?  in  all  ca-^vS.     ILl  l;;.:- 
bers  which  represent  the  proportions  in  which  bodies  combine,  thuujli  to  a  v'.r.i:i 
extent  arbitrary,  may  be  regarded  as  fixed  when  once  s-.  lected ;  but  iLe  f .juivjlca: 
of  a  body  varies  according  to  the  chemical  function  whieli  it  uiM:hur»'c«.    WL-i 
iron  dissolves  in  hydrochloric  acid,  producing  ferrous  chlorid'',  iVCl.  ev.rv  jr*!a 
of  hydrogen  expelled  from  the  acid  is  replaced  by  -^  grains  <>f  irjn ;  Lu:  w':.'a 
the  same  metal  dissolves  in  aqua  rnjia,  fonning  ferric  chloride.  IV/'lj  vt  V::C, 
each  grain  of  hydrogen  in  the  acid  is  replaced  by  ISj  grains  of  ir>n:  in    i:r: 
words,  the  equivalent  of  iron  (H  =  1)  is  liS  in  the  ferrous  acid,  !>:  in  tlo  :<ri: 
compounds.     Similarly,  the  equivalent  of  mercury  is  -00  in  the  n:t riur-  i*.  l'.''^ 
in  the  mercuric  compounds.     By  comparing  the  pcrchlonite-?  wiiii  tlio  htcie- 
ganatcs,  it  appears  that  55-7  parts  of  manganese  are  cquivaKnt  tn  :j.r'>  j.jr>Mf 
chlorine.     Now  this  same  quantity  of  chlorine  is  cquivaknt  to  >^  pan*  tf  •  .r.--'i. 
and  to  IG  parts  of  sulphur:  moreover,  the  analogy  of  the  sulphat-.-s  aij<i  u^- 
ganates  shows  that  IG  parts  of  sulphur  arc  e<juivalent  to  '27"7  purts  i.f  i.jaL.a:r-e. 
Le,y  half  the  former  quantity.     Lastly,  by  comparing  the  njang:iiiou.-<  v::\.  t:.? 
manganic  salts,  it  appears  that  if  the  equivalent  of  mangaue>e  b/  llT  7  jl*  L'.? 
former,  it  must  be  18-5  in  the  latter.     Manganese  has,  therefore,  thriL-  din-rsi 
equivalents,  according  to  the  kind  of  compound  into  whiL-h  it  enters;  aiii.  ,'v-^ 
rally,  the  number  of  equivalents  which  njay  be  assigned  to  a  b»..uy  is  orx.i  i- il* 
number  of  chemical  functions  which  it  discharges. 

The  so-called  tables  of  equivalents  are  really,  as  already  observc-i,  tiM-.-  •:: 
combining  proportion.  How  are  these  combining  proportion.'?  d-.toriijinii;":  Y.ai 
bodies  unite  with  others  in  more  than  one  j»roportion.  Kinhi  jarts  of  oi}-i2 
combine  with  14,  7,  47,  oo,  and  2iS  parts  of  nitmgun.  Which  of  tU'?i  ■'-• 
bers  is  to  be  taken  as  the  combining  number  of  nitn)geul'  Asraiu.  —  1  ]«r:  .*' 
hydrogen  unites  with  45  parts  of  nitrogen,  and  yet  the  combininir  nua.Kr  -f 
nitrogen  (II  =  1),  is  said  to  be  not  4ii,  but  three  times  that  nuniUr.  v:i .  U 
Why  is  this  last  number  adopted?  The  solution  of  .such  quest iMn*  ]i?j]-  :  * 
variety  of  considerations.  Obviously,  the  combining  imnjbers  >liou!d  be  .-o  5vlv:e«3 
as  to  represent  all  scries  of  compounds  by  the  simplot  forniuhc,  and  t.»  «,":«* 
analogous  combinations  by  similar  formuLx.  I*ractic;illy,  however,  thi-  ru!-  :.•»•.< 
found  to  be  a  sufficient  guide  in  all  cases;  and,  in  the  actual  det«  rii.inaii  a '• 
combining  numbers,  reference  is  constantly  made  to  eouMderations  inticiat:';  re- 
lated to  the  atomic  theory,  such  as  isomorphism,  the  specific  heat  of  aioai5,Ta|-<ir- 
densities,  and  the  basicity  of  acids.     Suppose,  for  example,  the  combiniti;j  taa* 


out  reference  to  atomic  constitution,  such  a  question  has  no  meaning.    ^Vhj.  f-^ 
example^  is  citric  acid  said  to  be  tribasic  ?  Because  the  formula  of  a  neatnl  citrate 
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IS  CnMjO,,;  a  formula  which  docs  not  admit  of  divisioD  hy  3,  without  introducinir 
4  fractiuihH  number  of  oxypccn-atoms.  ]iut  if  the  symbols  merely  denote  com- 
bining^ numbers  or  equivalents,  there  can  be  no  vulid  objection  to  the  use  of  such 
fmctional  numbers.  There  is  nothing  absurd  in  the  idea  of  y  of  the  quantity  of 
oxygen  which  unites  with  ono  pound  of  hydroi^en  to  form  water.  But  if  the 
symbols  denote  atonL%  the  case  is  altered,  the  idea  of  a  divided  atom  being  self- 
contradictory. 

This  is  but  one  instance  out  of  many  of  the  influence  exerted  by  the  atomic 
theory  on  the  construction  of  chemical  fonnulsc,  and  consequently  on  the  determi- 
nation of  combining  numbers;  These  numbers  do,  in  fact,  represent  the  supposed 
relative  weights  of  atoms.  Different  views  may  be  entertained  of  the  atounc  con- 
stitution of  bodies,  and,  in  the  present  state  of  chemical  knowlpdge,  the  determi- 
nations of  the  atomic  weight  of  a  body  from  different  points  of  view  may  not 
always  agree:  the  specific  heat,  for  example,  sometimes  leading  to  one  conclusion, 
the  vapour-density  to  another ;  but  the  idea  of  atoms  and  of  tlieir  relative  weights, 
and  of  the  building  up  of  compounds  by  the  juxtaposition  of  elementary  atoms, 
is»  perfectly  definite,  and  affords  the  only  satisfactory  explanation  yet  given  of  tho 
observed  laws  of  chemical  combination  (p.  120). 


geruardt's  unitary  system. 

There  are  three  systems  of  atomic  weight  in  use  among  chemists :  —  1.  The 
system  adopted  in  this  work,  which  is  the  same  as  that  in  Gmelin's  Ilnnd-book. 
In  this  system,  water  is  represented  by  the  formula  IK),  and  the  metallic  oxides 
(protoxides)  most  resemblinL^  it,  by  the  formula  MO.  Tlie  atomic  weights  corres- 
pond, for  the  most  part,  witli  the  equivalents,  substitution  being  supposed  to  take 
place,  atom  for  atom. 

2.  The  system  of  Berzelius,  based  upon  the  hypothesis  that  all  elementary  gases 
contain  equal  numbers  of  atoms  in  cfjual  volumes,  so  that  the  atomic  constitution 
of  a  compound  corresponds  with  its  constitution  by  volume.  Thus,  water  being 
composed  of  2  vol.  II  to  1  vol.  O,  is  1120;  hy<lro(;hloric  acid,  being  composed  of 
equal  volumes  of  chlorine  and  hydn»gcn,  is  llCl,  &e.  The  atomic  weights  in  this 
system  are  the  same  as  those  in  tho  former  (p.  102),  excepting  those  of  hj'drogen, 
nitrogen,  phosphonis,  chlorine,  bromine,  iodine,  and  fluorine,  which  have  half  the 
values  there  assigned  to  tli^m,  viz.  :  —  (0  =  ^) ;  IF  =  0*5 ;  N  =  7 ;  P  =  1601 ; 
CI  =  17-75 ;  I  =  G.-M8  ;  V,r  =  10 ;  F  =  0JJ5.  :>[etJillie  protoxides  arc  repre- 
sented by  the  formula  MO:  c.  g.  potash  =  KO;  black  oxide  of  copper  =  CuO. 

3.  The  system  of  Gerhardt  is  ba.<!cd,  like  that  of  IJerzelius,  on  the  hypothesis 
that  all  simple  gases  contain  equrd  numbers  of  atoms  in  equal  volumes,  but  carry- 
ing out  that  system  more  consistently.  The  formula  of  water  in  Gerhardt's 
system  is  ILO,  as  in  that  of  IJcrzelius.  i^Ioroover,  iis  the  vapour-density  of  mer- 
cury is  to  that  of  oxygen  as  G07() :  1100  (p.  loO),  and  mercuric  oxide  contains  8 
parts  by  weight  of  oxygen  to  100  parts  of  mercury,  it  follows  that  the  proportions 
Dy  volume  of  mercury-vapour  and  oxygen  which  compose  this  oxide  must  be  2 
vol.  mercury  to  1  vol.  oxygen  :  fur  2  X  GOTO  :  1100=  100  : 8  (nearly).  Hence 
mercuric  oxide  is  llgjO;  and  from  the  analogy  of  cupric  oxide,  ferrous  oxide, 
potash,  soda,  i^c,  with  mercuric  oxide,  it  follows  that  these  oxides  must  bo  CusO, 
rCjO,  K,0,  Na^O,  &c.;  or,  generally,  the  formula  of  a  protoxide  is  MjO,  analo- 
gous to  that  of  water,  1120. 

If  0  =:  8,  the  atomic  weights  of  sulphur,  selenium,  tellurium,  and  carbon  are 
the  same  in  Gerhardt's  system  as  in  that  adopted  in  the  present  work,  but  those 
of  all  the  other  elements  have  only  half  the  usual  values :  — 11  =  0-5,  01=17*75, 
Kssl9*5,  &c.     Or^  what  is  more  convenient,  assuming  11=1,  the  atomic  weights 


gerhardt's  unitary  SYSTE^r.  689 

e  solid  state,  is  heated  with  an  additional  quantity  of  potnssiuin,  the  rcniainini; 
df  of  the  hydrogen  is  displaced,  and  anhydrous  potash,  KKO,  is  formed.  On 
le  contrary,  when  potassium  acts  on  hydrochloric  acid,  HGI,  it  displaces  the 
hole  of  the  hydrogen,  and  forms  chloride  of  potassium,  KCl.  This  is  an  im- 
Drtant  difference,  which  is  easily  understood  on  the  supposition  that  water  con« 
nns  two  atoms  and  hydrochloric  acid  only  one  atom  of  hydrogen ;  whereas,  if 
ttese  two  compounds  are  represented  hy  the  analogous  formulae,  IIO  and  HCl,  the 
&use  of  the  difference  of  action  is  by  no  means  apparent. 

Assuming  as  the  unit  of  vapour-Tolume  the  space  occupied  by  1  gramme  of 
ijdrogen  (or  by  16  grammes  of  oxygen,  14  of  nitrogen,  35-5  of  chlorine,  &c.), 
iod  calculating  by  formulae  analogous  to  those  in  third  column  of  the  preceding 
sbJe,  the  weights  of  the  compound  atoms  or  molecules  of  those  compounds  which 
TD   capable  of  assuming  the  gaseous  form,  it  will  be  found  that  they  correspond 

2  volumes  of  vapour.  Thus,  for  hydrochloric  acid :  H  +  CI  =  1  +  36*5  =s 
"3 ;  and  as  the  density  of  hydrochloric  acid  gas  is  18 -25  times  that  of  hydrogen 
e  Table  I.  p.  131),  it  follows  that  the  number  30*5  represents  the  weight  of  2 
unics  of  vapour.     Similarly,  for  water:  H^O  =  2  +  16  =  18,  which  is  also 

"veight  of  2  volumes  of  vapour,  the  specific  gravity  of  aqueous  vapour  com- 
^<1  with  hydrogen  as  the  unit  being  9.  Alcohol  =  GjlIeO  =24  +  6  +  16 
•^  0 :  and  the  specific  gravity  of  alcohol  vapour  (H  =  1)  is  23.  Ether 
^5JI,oO  =  48  +  10  +  16  =  74,  which  is  twice  37,  the  weight  of  a  unit- 
a.  me  of  ether-vapour. 

ri  the  formulae  of  the  second  column,  this  uniformity  of  vapour-volume  is  not 
erved.  Some  of  them,  as  those  of  water  HO,  ether  C4H5O,  anhydrous  acetic 
!>  C4IT3O3,  and  hydratcd  sulphuric  acid  SHO4,  represent  1  volume  of  vapour, 
2>i3  referred  to  the  unit  above-mentioned,  viz.  the  space  occupied  by  1  gramme 
bk^drogen,  or  2  volumes,  if  compared  with  the  volume  of  half  a  gramme  of 
lirojren,  or  8  grammes  of  oxygen  ;  while  the  rest,  for  example,  hydrochloric  acid, 
M,  and  hydrated  acetic  acid,  0411404,  represent  2  volumes  or  4  volumes  of 
>o\ir,   according   to   the   unit   adopted.     (Sec   the   table   on  pp.    130-136.) 

bring  all  these  formula)  to  the  same  standard  of  vapour- volume,  it  is  necessary, 
fefefore,  to  double  those  first  mentioned,  thus  :  water  =  II2O2;  ether,  C^HioOj; 
ihydrous  acetic  acid,  CJilfi^-,  hydrated  sulphuric  acid,  SaHjOg,  &c. ;  and  if  the 
ortesponding  change  be  made  in  the  formula?  of  the  analogous  compounds,  which 
*e  not  known  to  exist  in  the  gaseous  state,  e.  7.  anhydrous  metallic  protoxides, 
ttjOj;  neutral  sulphate  of  potash,  SaKjOg,  &c.,  it  will  be  found  that  Gerhardt's 
^toiulae  may,  in  all  cases,  be  converted  into  those  of  the  ordinary  notation,  by 
doubling  the  number  of  atoms  of  carbon,  oxygen,  sulphur,  selenium,  and  tellurium.* 

There  is  yet  one  class  of  bodies  whose  atomic  weights  represent,  not  two,  but 
'tie  volume  of  vapour,  viz.  the  elementary  bodies.  To  reduce  these  bodies  to  the 
\me  standard,  it  is  necessary  to  assume  that  each  molecule  of  an  elementary  body 
H  the  free  state  consists  of  two  elementary  atoms,  e.  g.  hydrogen,  IIII ;  chlorine^ 

This  hypothesis  is  justified  by  numerous  considerations.  First :  It  accords  with 
le  polar  view  of  the  constitution  of  bodies  suggested  by  the  phenomena  of  elec- 
oljsis  (p.  189).  Secondly :  It  is  justified  by  certain  relations  of  boiling  point 
id  vapour-density,  to  be  considered  hereafter.  Thirdly :  There  are  numerous 
stances  of  chemical  action  in  which  two  atoms  of  an  elementary  body  unite 
gether  at  the  moment  of  chemical  change,  just  like  heterogeneous  atoms.   Thus^ 

*  Gerhardt  applied  the  term  unitary  to  his  system  of  notation,  becnnse  it  is  based  on  the 
taction  of  all  formulae  to  one  common  standard,  the  formulee  being  deri?ed,  one  from  the 
ter,  by  substitution.  The  ordinary  system,  being  founded  rather  on  the  formation  of 
opounda  in  successive  binary  groups  («.  g.  potash  =  KO ;  f ulphuric  acid  =  SO3 ;  sulphate 
potash  =:  KO.SO3),  is  called  the  Vualistic  eyttcm. 
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when  the  hydride  of  copper,  CujII,  is  decomposed  by  hydrochloric  acid,  curroai 
chloride  is  formed,  and  a  quantity  of  hydrogen  evolved  equal  to  twice  that  which 
is  contained  in  the  hydride  itself :  — 

CugH  +  HCl  =  Cu,Cl  +  HH. 

This  action  is  analogous  to  that  of  hydrochloric  acid  on  cuprous  oxide :  — 

Cu,0  +  2HC1  =  2Cu,Cl  +  IlaO. 

In  the  latter  case,  the  hydrogen  separated  from  the  hydrochloric  acid  unites  vitli 
oxygen;  in  the  former,  with  hydrogen.  When  solutions  of  sulphurous  aii 
hydrosulphuric  acids  are  mixed,  the  whole  of  the  sulphur  is  precipitated:-* 

SO,  +  2ngg  =  2IIaO  +  S .  S„ 

the  action  being  similar  to  that  of  sulphurous  acid  on  hydroselcnic  acid :  — 

SO,  +  2HaSe  =  211,0  +  S.SiV 

In  the  one  case,  a  sulphide  of  selenium  is  formed ;  in  tlic  other  a  sulphide  (I 
sulphur.  The  precipitation  of  iodine  which  takes  place  on  mixing  hydrirdic  Tiik 
iodic  acid,  affords  a  similar  instance  of  the  combination  of  homugeDec»u>  atonui 
The  reduction  of  certain  metallic  oxides  by  peroxide  of  hydrosron.  is  anicer 
striking  example  of  this  kind  of  action.  When  oxide  of  silver  is  thrown  icto  tLii 
liquid,  water  is  formed;  the  silver  is  reduced  to  the  metallic  state;  andariuctitj 
of  oxygen  is  evolved  equal  to  twice  that  which  is  contained  in  the  oxide  of  eilTcf. 
It  appears,  indeed,  as  if  atoms  could  not  exist  in  a  state  of  isolation.  An  aMn  d 
an  elementary  body  must  unite,  either  with  an  atom  of  another  element,  or  rJk 
one  of  its  own  kind. 

The  same  tendency  of  homogeneous  atoms  to  combine  totrethcr  is  exhibited  I7 
certain  groups  of  atoms  called  compound  radicals,  which  behave  in  uii«'l  rcfpcca 
like  elementary  substances,  and  pass  as  entire  groups  from  one  state  of  cosibio- 
tion  to  another.  Thus  there  is  a  series  of  hydrocarbons  called  the  a/aJiol-raJifvIt 
(p.  607),  e.f/.  methyl,  OII3;  ethyl,  Oglls,  which  may  be  regarded  as  coDipovad 
metals,  capable  of  taking  the  place  of  hydrogen  in  combination  with  chJunac^ 
iodine,  oxygen,  &c.,  just  as  simple  metals  do.  Now  when  ziuc-ethvl.  4^IiZBi 
and  iodide  of  methyl,  OJIsI,  are  heated  together,  double  decomposition  takes  piatty 
the  products  being  iodide  of  zinc,  and  methyl-ethyi :  — 

^Hs.Zn  +  OIIJ  =  Znl  4*  (O.II^).  (4^11^). 

And  when  zinc-ethyl  is  heated  with  iodide  of  ethyl,  a  similar  action  take»ji»(^ 
but  attended  with  formation  of  free  ethyl :  — 

€gHs.Zn  +  CJI5I  =  Znl  +  (C,1I0  •  (C,1I,). 

Moreover,  the  boiling  points  and  vapour-densities  of  these  radicals  are  related  • 
each  other  and  to  those  of  the  compound  radicals,  methyl-ethyl,  butyl-aojTlic^ 
in  a  manner  which  can  only  be  explained  by  supposing  the  radicals  in  the  fi* 
stiite  to  consist  of  double  atoms.     This  will  be  seen  from  the  following  Table:-" 
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The  regular  gradation  of  these  densities  and  boiling  points  plainly  shows  that 
he  proper  places  of  butyl,  amy],  and  caproyl  in  the  series,  are  those  which  they 
iccupy  m  the  table,  and  consequently  that  their  atomic  weights  in  the  free  state 
ire  double  of  those  which  appertain  to  them  in  combiDation :  e,g.,  amyl  in  com- 
)ination  =  CjH„  =  71 ;  fr^e  amyl  =  (©sHn),  =  142. 

Fourthly :  Elementary  bodies  frequently  act  upon  others  as  if  their  atoms  were 
issociated  in  binary  groups.  Thus  chlorine  acting  upon  potash  forms  two  com- 
)ounds,  chloride  of  potassium  and  hypochlorite  of  potash :  — 

KKO  +  ClCl  =  CIK  +  CIKO; 

just  as  chloride  of  cyanogen  would  form  chloride  of  potassium  and  cyanate  of 
lotash.  The  quantity  of  chlorine  which  acts  upon  an  atom  of  potash,  is  not  1  at. 
=  35-5,  but  2  at.  =  70.  Similarly,  when  metallic  sulphides  oxidize  in  the  air, 
K>th  the  metal  and  the  sulphur  enter  into  combination  with  oxygen.  Sulphur 
cting  upon  potash  forms  a  sulphide  and  a  hyposulphite.  Lastly,  when  zinc-ethyl 
s  exposed  to  the  action  of  chlorine,  iodine,  &c.,  these  elements  unite  separately 
rith  the  zinc  and  with  the  ethyl,  thus :  — 


e^H^Zn  +  ClCl  =etH,Cl  +  ZnCL 


Douhh  Decomposition  regarded  as  the  Type  of  Chemical  Action  in  general. — 
k>able  decomposition  is  generally  understood  as  an  action  taking  place  between 
)ar  elements  or  groups  of  elements ;  but  since  it  appears  that  homogeneous  atoms 
laj  exhibit  towards  one  another  the  same  chemical  relations  as  atoms  of  different 
CKUCS,  it  follows  that  the  same  kind  of  action  may  be  supposed  to  take  place  when 
!S8  than  four  bodies  are  concerned.  The  extension  of  t^is  view  of  chemical  action 
»  cases  in  which  three  elements  or  groups  of  elements  come  into  play,  is  suffici- 
Mj  illustrated  by  the  examples  just  given.  But  we  may  proceed  still  further 
I  tne  same  direction,  and  regard  as  double  decompositions  those  reactions  which 
re  commonly  viewed  as  the  simple  combination  or  separation  of  two  elements,  or 
I  the  substitution  of  one  element  for  another.  Thus,  when  potassium  bums  in 
blorine  gas,  the  reaction  may  be  supposed  to  take  place  between  two  atoms  of 
hlorine  and  two  atoms  of  potassium :  — 

KK  +  ClCl  =  KCl  +  KCL 

^gain,  the  decomposition  of  cyanide  of  mercury  by  heat  may  be  represented 
hus:  — 

Cyllg .  Cyllg  =  CyCy  +  HgHg. 

The  simple  replacement  of  one  element  by  another  may  also  be  regarded  as  a 
lonble  decomposition,  by  supposing  the  formation  of  an  intermediate  compound 
to  take  place.  Thus,  the  action  of  sine  upon  hydrochloric  acid  may  be  supposed 
lo  eonsist  of  two  stages :  — 


and 


ZnZn  +  nCl  =  ZnH  +  ZnCl, 
ZnH  +  HCl  =  ZnCl  +  HH. 


^t  18  true  that  the  formation  of  the  intermediate  compound,  the  hydride  of  aino, 
^^Qot  be  actually  demonstrated  in  this  case,  becausMt  is  decomposed  as  fast  as 
^  IS  formed ;  but  in  other  cases  the  two  stages  of  the  action  can  be  dbtinoUy 
'^f^d.  Thus,  it  is  well  known  that  hydrochloric  acid  does  not  dissolve  copper; 
"^t  an  alloy  of  zinc  and  copper,  Cu^Zn,  dissolves  in  it  readily,  with  evolution  of 
Jdrogen.  Here  it  may  be  supposed  that  the  first  products  are  chloride  of  sine 
^d  hydride  of  copper,  a  known  compound :  — 
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CuaZn  +  nCl  =  CujU  +  ZnCl ; 

and  that  the  hydride  is  afterwards  acted  upon  hy  the  acid  in  the  manner  alreidf 
explained.  Again,  when  zinc  and  iodide  of  ethyl  are  heated  together  in  a  sealed 
tubc;  iodide  of  zinc  and  zinc-ethyl  are  obtained,  thus :  — 

ZnZn  +  (GtHs).!  =ZnI  +  Zn  (CjITs); 

and  the  zinc-ethyl,  when  heated  with  excess  of  iodide  of  ethyl,  yields  iodide  of 
zinc  and  free  ethyl :  — 

.     Zn  (C^Hs)  +  C,HO .  I  =  ZnT  +  (e^H,)  (QJl,). 

In  this  manner,  all  chemical  reactions  may  be  reduced  to  one  type,  riz..  i 
mutual  interchange  of  atoms  between  two  binary  groups. 

TYPES   AND   RADICALS.  —  RATIONAL   FORMULA. 

The  rational  formula  of  a  compound  is  inferred  from  its  modes  of  formatioa  and 
decomposition.  When  cyanide  of  sodium  is  mixed  with  nitrate  of  silver,  on  inttr- 
change  of  elements  takes  place,  resulting  in  the  formation  of  nitrate  cf  so<ia  asi 
cyanide  of  silver :  — 

eX.Na  +  NO,.Ag  =»  CN.  Ag  +  Na,.Xa. 

Here  the  group,  or  radical  NOs  passes  from  the  silver  to  the  sodium,  aad  in  x 
similar  manner  it  may  be  transferred  to  potassium,  barium,  copper,  &c.  UeDce  it 
may  be  inferred  that  the  nitrates  consist  of  NO3  associated  with  a  metal.  Simi- 
larly, €N,  may  be  regarded  as  the  radical  of  the  cyanides ;  SO4  of  the  snlphACef, 
&c.  When  alcohol,  ^gllcO,  is  treated  with  potassium,  one-sixth  of  the  hjdrozcn 
is  evolved,  and  the  compound  CgHsKO  is  formed.  Again, — alcohol  treated  vith 
chloride,  bromide,  and  iodide  of  phosphorus,  yields  the  compounds,  ^lU^ 
CJIgBr,  and  OJIsE;  and  when  the  compound  ^^H^KO  is  treated  with  CiU^ 
iodide  of  potassium  and  ether  are  formed :  — 

c,nj  +  ^']^'}0  =  Ki  -f  5;2li^- 

From  these  and  other  reactions,  alcohol  and  its  derivatives  arc  supposed  to  coEtaia 
the  radical  ethyl,  €3X15,  alcohol  being  its  hydratcd  oxide,     'ir^jO,  analt^pu  tA 

hydrate  of  potash,  tjJO;  and  ether  its  anhydrous  oxide,  ri'ii^jO,  aaiiogsBf 

to||0. 

It  must  be  especially  observed,  however,  that  the  reason  fur  admitting  the  tst" 
ence  of  ethyl  as  a  radical  in  the  alcohol  compounds,  is  that  this  suppoeition  ifiorii 
the  readiest  explanation  of  certain  reactions.     Other  reactions  may  point  iotiS- 
ferent  conclusion.     Thus,  since  alcohol  heated  to  a  high  temperature  with  itm{ 
sulphuric  acid  is  resolved  into  olcfiant  gas  and  water,  it  may  be  regarded  u  * 
hydrate  of  olefiant  gas,  ^2H4.H20.      Again,  —  certain  sulphates,  when  bokd 
to  redness,  give  off  anhydrous  sulphuric  acid ;  and  sulphate  of  baiyta  mij  bi 
formed  by  the  direct  combination  of  the  same  anhydrous  acid  with  anh^AvA 
baryta.     Such  reactions  might  lead  to  the  conclusion  that  oxygen-ralts  arc  coa- 
pounds  of  anhydrous  metallic  oxides  with  anhydrous  acids,  rather  than  of  aeali 
with  salt-radicals,  which  is,  in  fact,  the  ordinanr  view.     Similarly,  amnwaiaod 
salts  are  regarded  as  compounds  of  NH,  with  hydra  ted  acids,  or  of  XH«  vitkieii 
Tadica\&,  accoidvu^  \o  \.\iq  tL^^tiona  a^ially  under  coDsidcxatlon. 


TYPES    AND    RADICALS.  693 

It  appearSi  then,  that  the  same  compoand  may  have  several  ratioDal  formulse. 
This  of  course  implies  that  the  formula  is  an  expression,  not  of  the  constitution 
of  the  body  in  a  state  of  rest,  but  of  the  manner  in  which  the  atoms  are  supposed 
to  arrange  themselves  when  subjected  to  certain  influences.  It  is  no  longer  the 
question  what  the  absolute  constitution  of  a  substance  may  be,  but  of  how  many 
forms  of  constitution  the  substance  fulfils  the  conditions.  For  in  chemical  sub- 
stances, as  in  the  objects  of  a  branch  of  natural  history,  any  one  individual  exhibits 
more  or  less  distinctly  the  features  of  every  other. 

The  greater  the  number  of  elementary  atoms  entering  into  the  constitution  of 
a  compound,  the  more  numerous  will  be  the  possible  arrangements  of  those  atoms, 
and  the  greater,  therefore,  the  number  of  rational  formulas  which  may  be  assigned 
to  the  compound.  Practically,  however,  it  is  found  that  a  small  number  of  rational 
formulae — seldom  more  than  two  or  three — suffices  for  each  compound ;  and  more- 
over, that  the  formulad  of  all  bodies  whatever  may  be  reduced  to  a  small  number 
of  general  types.     Of  these,  Gerhardt  adopts  four,  viz. :  — 

Water,  |«^  }0,  from  which  are  derived  the  oxides,  sulphides,  selenides^  and  tel- 

lurides. 
Hydrochloric  acid,  HCl,  the  type  of  the  chlorides,  bromides^  iodides,  fluoridcS| 
and  cyanides. 

Ammonia,  N-{  H,  the  type  of  the  nitrides,  phosphides,  arsenides,  &c. 

^H 
Hydrogen,  HH,  the  type  of  the  elementary  bodies,  compound  radicals,  hydrides 
of  metals  and  radicals,  &c. 

These  typical  formulae  all  correspond  to  2  volumes  of  vapour. 

The  formulas  of  the  several  compounds  included  under  each  of  these  types  are 
obtained  by  replacing  one  or  more  of  the  elementary  atoms  contained  in  them  by 
another  radical,  simple  or  compound.  The  derivative  compound  is  called  primary, 
teeondary,  or  teriiari/,  according  to  the  number  of  atoms  of  hydrogen  in  the  type 
which  are  thus  replaced.  For  example,  the  hydratcd  metallic  oxides,  which  are 
formed  from  the  type  water  by  the  substitution  of  1  at.  of  a  metal  for  I  at.  hydro- 
gen, are  primary  oxides;  e,  g.  hydrate  of  potash,  i^  j^;  the  anhydrous  oxides,  in 
which  both  atoms  of  hydrogen  are  similarly  replaced,  as  in  anhydrous  potash, 
l^|0,  are  secondary  oxides.     The  replacement  of  I  at.  U  in  ammonia  by  ethyl, 

Cr^Hs,  forms  a  primary  nitride,  viz.,  cthylamine,  N(OjH5)Il2;  similarly,  bieth^Ia- 
minc,  N(G2H5)2H,  is  a  secondary  nitride ;  and  triethylamine,  N(C2H5)j,  a  tertiary 
nitride. 

Equivalent  Values  of  Radicals. — A  radical  is  monaiomic,  hiatomicy  (riatomie, 
tc.f  according  as  its  atom  or  molecule  is  equivalent  to  one,  two,  three,  &c.,  atoms 
of  hydrogen.     Potassium  and  ethyl  are  monatomio  radicals.     Sulphuryly  8O9,  is 

m  biatomic  radical,  and  by  replacing  2  at.  II  in  two  molecules  of  water,  tt'  j  ^v 

forms  hydrated  sulphuric  acid,    |t  { O.     Phosphorylj  PO,  is  a  triatomio  radical,  and 

H  "I 

bj  xeplacing  3  atoms  of  hydrogen  in  three  molecules  of  water,  tt'}^}  forms  the 

POi 
ordinary  hydrate  of  phosphoric  acid,  PHjOi  »   rj  }Os. 

When  a  metal  forms  two  classes  of  salts,  its  atom  has  a  different  equivalent 
value  in  each.    Thus^  in  the  platinous  compounds,  Pt  (  =  98)  is  monatomio  \  v^ 
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the  platinic  salts,  it  is  biatomic:  thus,  platinic  chloride  =  Pt  j  /«.  Intbefcrrou 
compouods,  Fe  (  =3  28)  is  monatomio ;  in  the  ferric  componndsy  it  is  sesqniatoiLio, 

Fcj,  being  equivalent  to  H^  or  Fe*  to  H  :  thus,  ferric  oxide  ■=  ,,  '|0^    In  ibe 

■ 

mercuric  compounds,  Hg  (  =  100)  is  monatomic ;  in  the  mcrcurous  compoondi, 
it  is  semi-atomic ;  the  double  atom,  Ilg^  (  =  200),  being  the  equivalent  of  1  aium 
of  hydrogen.  In  arscnious  acid,  As^,,  which  is  derived  from  3  molecult^  vi 
-water,  As^  is  equivalent  to  He,  and  therefore  As  to  H3 ;  but  in  arsenic  ac:d.  ^£J^ 
derived  from  5  molecules  of  water.  As  is  equivalent  to  Hj.* 

Since  a  compound  may  have  several  rational  formulse,  or,  in  other  words,  naj 
be  represented  as  containing  different  radicals,  it  is  necessary  to  detomiiDC  tK-  k- 
lation  which  exists  between  the  equivalents  of  such  radicals.  This  roUtiia  is 
determined  by  the  following  general  law:  —  Every  equivalent  0/  hj^dn^jm  a.fcfVi 
to  a  radical  diminishes  hy  unity  the  equivalent  value  of  the  cittire  radlrat;  nud 
every  equivalent  of  hydrogen  subtracted  from  a  radical  increasts  by  unify  the  '•tal 
equivalent  value  of  the  entire  radical.  Thus,  nitric  acid  may  be  represented  Ij 
the  three  following  formula : — 

II  S^f  11  i^^  II  ♦^^^ 

In  the  first  of  these  formulas,  which  represents  nitric  acid  as  formed  frrin  oae 
molecule  of  water,  HgO,  the  radical  nitryly  NO?,  is  equivalent  to  1  atom  cf  It- 
drogen ;  in  the  second,  which  is  formed  from  2  molecules  of  water,  HA.  iIja 
radical  azotyl,  NO,  formed  from  nitryl  by  abstraction  of  O^  the  equivak-nt  d  H^ 
takes  the  place  of  3  atoms  of  hydroi^en ;  and  in  the  third,  which  is  furiLtd  :n>£ 
3  molecules  of  water,  HeOg,  the  radical  nitricum,  N,  fonued  from  nitnl  by  ab- 
straction of  O2,  the  equivalent  of  H4,  takes  the  place  of  5  atoms  of  hydroirrQ. 

Again,  uranic  oxide  may  be  represented  either  as  |''}Os,  or  as  i-'i^l^-    TLe 

first  of  these  formulie  represents  three  molecules  of  water,  IIcOj,  and  contains  the 
radical  Us=s  11,;  the  second  represents  one  molecule  of  water,  and  coutaicsiht 
radical  uranylj  U2O,  equivalent  to  H;  and  accordingly,  Uj  —  O,  is  eq nival ':ni  10 
II3  —  1X2  =  II.  Another  example  of  the  general  law  above  stated  is  afbruL'dlj 
the  radicals  of  the  monatomic,  biatomic,  and  triatomic  alcohols  (p.  liOT). 

Conjugate  Radicals. — Any  compound  radical  may  be  regarded  as  a  foiupcJOfid 
of  two  or  more  simpler  radicals.  Thus,  ethyl,  ^Hj,  may  be  repnscnted  m 
CII2  +  CHa,  or  as  €,11,  +  IIjj  acetyl,  ^jHsO,  the  radical  of  acetic  acid  maybe 
regarded  as  OO  +  Oils,  or  as  O2H3  -f-  O,  &c.  Radicals  viewed  in  tLis  tlzws 
are  said  to  be  conjugated.  A  radical  may  be  conjugated  either  by  ftdditioD.t>iA 
the  preceding  examples,  or  by  substitution  of  another  radical  for  one  or  moKshoi 

*  If  the  notion  of  cquivalenta  be  strictly  adhered  to,  inJepcndentlj  of  the  atomic  ibfcrr, 
the  formulie  of  bisalts  and  sesquisalts  may  be  dispensed  with,  and  the  diffirrenc  cliuci  tf 
salts  of  the  same  metal  regarded  as  containing  different  radicals :  thus  the  mercurcui  u>'9 
may  be  regarded  as  salts  of  mercurotum,  IIg=- 200;  the  mercuric  salts  as  containisj;  n^^ 
euricunif  hg=T  100:  thus — 

^rercurous  chloride  or  chloride  of  mercurosnm UpCl  —  200+  ?.5  5 

Mercuric  chloride  or  chloride  of  mercaricum hgCl  ^■=  100  4-  <^'^'^ 

Ferrous  chloride  or  chloride  of  ferrosum FeCI  =-    28 -j-  25  o 

Ferric  chloride  or  chloride  of  ferricum feCl    =  l&jj  +  So  5 

This  mode  of  representation  might  be  made  consistent  with  the  atomic  theory,  brn^ 
posing  that  the  ultimate  atom  of  iron  weighs  9} ;  that  a  double  atom  of  iron  coofetitatci  fc^ 
ricum  =  18§  ;  and  a  triple  atom,  ferrosum,  =  28 ;  similarly,  the  atom  of  mercnrj  w<iftiM 
100,  a  double  atom  constitutes  mcrcurosum.  In  organic  compounds,  such  relations  betvtci 
radicals  are  actually  observed:  thus,  ethylene,  €gll 4=2 xOIlg',  propylene,  ^H,=^3x^Ht; 
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of  Lydrojrcn;  e.  //.,  from  bcDzoyl,  G^M^Oy  is  formed  nitro-benzojl,  Q^'Q.J(J^G^Q^y 
by  substitation  of  a  molecule  of  nitryl,  NOj*  ^or  1  at.  H.  Similarly,  from  acetyl,' 
^HgO,  are  formed  monocliloracetyl,  €2(HsCl)0;  and  tercbloracctyl,  CsCljO. 

An  important  class  of  conjugate  radicals  consists  of  tbose  wbich  are  formed  of 
certain  mcUils — arsenic,  antimony,  tin,  bismutb,  &c., — associated  with  the  alcobol- 
radicAls.  For  example :  cacodyl,  or  arsen-bimethyl,  As(OH3)2 ;  8tibetbyl| 
Sb(4i2ll5\;  arsenethylium,  As(02H5)4;  stannetbyl,  Sn.OJTs.  The  same  radicals 
may  bo  regarded  as  con j negated  by  substitution :  c.  g.y  arscnethyl,  Ks(Q^\^^y  as 
formed  from  ammonia,  NH3,  the  3  at.  H  being  replaced  by  ethyl,  and  the  nitro- 
gen by  arsenic.  In  like  manner,  arsenethylium,  A8(OgH5)4,  may  be  derived  from 
ammonium,  NH4. 

The  equivalent  in  hydroj^on  of  a  conjugate  radical  may  be  determined  by  the 
two  following  rules,  deduced  from  the  general  law  given  at  page  694 : — 

1.  The  equxvnlent  in  hi/drogcn  of  a  radical  conjugated  hi/  addition  is  equal  to 
the  difference  of  tlie  equivnloits  of  the  constituent  radicals.  Thus,  acetyl  (CjHa)^, 
which  is  equivalent  to  H,  is  composed  of  acetosyl,  O2IIS,  eq.  to  H,  and  O  eq.  to 
H2;  arscnethyl,  As(^2n5)3,  which  is  equivalent  to  Hj,  is  composed  of  AsCarsc- 
Dicum),  eq.  to  H5,*  and  (^2^5)3,  cq.  to  II3;  cacodyl,  As(€H3')2,  which  is  equiva- 
lent to  II,  is  composed  of  As(arseuosum),  eq.  to  II3,  and  (0113)2,  eq.  to  112. 

2.  The  equivhlent  in  hydrogen  of  a  radical  conjugated  hy  substitution  is  equal 
to  the  difference  between  the  sum  of  the  equivalents  of  the  constituent  radicals  and 
the  equivalent  of  the  ht/drogen  rpplaced.  For  example,  — acetyl  €|H30,  which  is 
equivalent  to  it,  may  be  regarded  as  €2115  +  O  (eq.  to  11  +  H,)  minus  IIj; 

CLASSIFICATION   OF   CHEMICAL   COMPOUNDS. 

Bodies  may  bo  classified  in  two  ways.  1.  According  to  their  origin,  as  when 
the  acids,  salts,  oxides,  &c.,  of  copper  are  made  to  form  one  group ;  those  of 
chromium  another,  those  of  ethyl  a  third,  &o.  2.  According  to  their  chemical 
functions,  indepcndcnly  of  origin ;  the  acids  forming  one  group,  the  bases  a 
second,  the  alcohols  a  third,  the  ethers  a  fourth,  &c.  The  former  mode  of  classi- 
fication is  best  adapted  to  the  detailed  description  of  compounds ;  the  latter  for 
giving  a  general  view  of  their  mutual  relations. 

The  following  table  exliibits  Gerhardt's  system  of  classification  by  types,  or 
according  to  chemical  functions  :  — 

*  Oxide  of  nrsenethjl  is  Apfi^g^^s^s^  ^^  As^fCjITs^s^f :  nowns  (OjITj),  is  equiyalcnt  to  O, 
this  lost  foiTDula  may  be  derived  from  that  of  arsenic  acid,  As^Oj  or  AsjOj.Oj  by  the  substi- 
tation of  (O|Hji)0  for  O3:  hence  As  has  in  oxide  of  arscnethyl  the  same  equivalent  Taluo  that 
it  has  in  arsenic  acid :  that  is  to  say.  it  is  equivalent  to  H5.  Oo  the  other  hand,  oxide  of 
cacodyl  is  A9^fGU^\fi :  which  has  the  same  equivalent  value  as  As,.0-0,  or  As^O,,  which 
is  the  formula  of  arsenious  acid.  Hence  the  radical  As  in  cacodyl  has  tlie  same  value  as  in 
arsenious  acid,  viz.,  equivalent  to  I/3. 


ALCOHOLS.  697 


WATER-TYPE. 


Positive  Oxides. — A.  Bases  proper,  or  Metallic  Oxides, — These  compounds 
are  formed  by  the  substitution  of  a  mctallio  radical^  simple  or  compound,  for  the 
hydrogen,  in  one,  two,  or  three  molecules  of  water :  — 

a.  Monaiomic, — ^Ilydrate  of  potash,  tt  !0;  anhydrous  potash  or  oxide  of  potas- 

.         K  .  Cu  .        .       Cu 

siam,  ^  jOj-^upric  h3'drate,   tt  jO; — cupric  oxide,  p    lO; — hydrate  of  ammo- 

Dium,  TT  * }  O ; — hydrate  of  tctramcrcurammonium,  „°*  JO  ] — ^hydrate  of  tetro- 
thylium,  ^(^^^»^*}0;-^xide  of  cacodyl,  wcin*}^)  — ^^^^^  ^^  arsenethy. 

Hum    -^M^a^s^m 

Pt  .  .        .       Pt 

p.  Biatomic Platinic  hydrate,  tt  {^2;  platinic  oxide,  pi.  jOj;  oxide  of  sti- 

"^^^''SbcCUj),/    '• 

Al  •  Al 

y.    Trkitomic,  —  H^-dratc  of  alumina,  tt^JOj;  anhydrous  alumina,    ai'}©*; 

Ql^  QU  "DJ 

antimonic  hydrate,  tt  jOj;  antimonic  oxide,  ^u  j^;  tcroxide  of  bismuth,  i>:|^* 

Certain  triatomic  bases  may  be  represented  as  monatomic,  by  supposing  a  por- 
tion of  the  oxygen  to  be  associated  with  the  positive  radical ;  thus,  sesquioxide 

of  uranium,  UA,  maybe  represented  as  protoxide  of  uranyl,  ly^a/^;  and  ter- 

oxide  of  antimony,  SbjOj,  as  protoxide  of  antimonyl,  ^y^  [  O.  Non basic  bioxides, 
or  peroxides,  may  be  represented  in  a  similar  manner;  e.  y.,  peroxide  of 
hydrogen,  =     jj  j  O. 

B.  Alcohols. — These  bodies,  all  of  which  belong  to  organic  chemistry,  are  also 
monatomic,  biutoniic,  or  triatomic.  The  primary  monatomic  alcoholsj  or  alcohoU 
proper,  are  derived  from  water  by  the  replacement  of  1  atom  of  hydrogen  by  a 
hydrocarbon  of  the  form  0„Il2„+,;  4ijr2„_,;  or4r„H,„_7. 

a.  Alcohols  containing  radicals  of  the  form  ^^i^j^y.  The  number  of  these  at 
present  known  is  ten,  viz. : — 

nil 

Methylic  alcohol,  wood-spirit,  or  hydrate  of  methyl  (protyl).  ^IIsO  =     jx  *}0* 

n  TT 
Ethylic  alcohol,  spirit  of  wine,  or  hydrate  of  ethyl  (deutyl).  CgHjO  =    Ij  *lO. 

Propylic  alcohol,  or  hydrate  of  trityl GalTgO  =  ^'}0. 

Butylic  alcohol,  or  hydrate  of  tetrjl ....,Q^J^^  ^if*}^- 

n  TT 
Amylic  alcohol,  or  hydrate  of  amyl  (pentyl) €sHjaO==    *xt"}^« 

Caproic  alcohol,  or  hydrate  of  hexyl C»nHO  =  ^*^'°}0. 

Caprylic  alcohol,  or  hydrate  of  octyl esHi.a=  ^j^"}0. 

Cetylic  alcohol,  or  hydrate  of  cetyl C^Hj^O  =^'^"}a. 

'*'  The  radical  stibotliyl  is  biatomic,  like  arsenethyl  (p.  (j95^. 
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Tnatamic  AlcokoU^  or  Glycerines. — The  general  formula  of  these  compoundfs  is 

£1  XT 

■tt*^'  j  Oj.     The  three  atoms  of  hydrogen  which  they  contain  may  bo  wholly  or 

partly  replaced  by  radicals  positive  or  negative.     One  term  of  the  scries  has  been 

long  known,  viz. :  ordinary  glycerine,  ^sHgO,  =a  ^stt^JOs.     The  neutral  fats, 

olein,  stearin,  palmitin,  &c.,  consist  of  glycerin,  in  which  the  3  atoms  of  free 

n  Ti 
bydrogen  are  replaced  by  acid  radicals;  c.^.,  stearin,  G6i^m^^=  ,n  u  q\  (^' 

A  great  number  of  similar  compounds  have  been  formed  artificially  by  heating 

flycerine  with  acids.     Conversely,  when  neutral  fats,  stearin  for  example,  are 
eated  with  hydrate  of  potash,  or  other  metallic  oxides,  the  acid  radical  passes  to 
tlio  metal,  forming  a  salt,  and  glycerine  is  formed,  c.  r/.. 

This  is  the  process  of  saponification.  Qlyccrine  may  also  bo  formed  synthetically, 
Tix.  by  heating  the  terbromido  of  allyl,  OsHsBr,,  with  acetate  of  silver.  Tcracetate 
of  glycerine  (triacctin)  is  thus  formed ;  and  this,  when  heated  with  hydrate  of 
baryta,  yields  glycerine.     The  other  glycerines  have  not  yet  been  obtained  in  the 

free  state;  but  the  acetate  of  ethyl-glycerine,  /rfu  q\  J^sj  ^^  obtained  at  the  same 
time  as  glycol,  by  the  action  of  iodide  of  ethylene  on  acetate  of  silver. 

The  Becondary  alcohols^  or  Ethers^  bear  the  same  relation  to  the  primary  alcohols 
that  anhydrous  metallic   oxides   bear  to   the   hydrates;   e.  g,,  amylic   alcoholi 

^JJ"  jO;  amylic  ether,  ^*y|»  |0. 

There  are  likewise  ethers  containing  two  different  radicals;  e.y.,  methyl-amylic 

on 

ether,  £,  tt*  JO.     Ethers  may  be  formed  by  the  action  of  the  iodides  of  methyl, 

ethyl,  &c.,  on  alcohols  in  which  1  atom  of  hydrogen  is  replaced  by  potassium ; 
thus,  common  alcohol  treated  with  potassium  gives  off  hydrogen,  and  yields 
€|HiKO;  and  this  compound,  treated  with,  iodide  of  amyl,  yields  ethyl-amylio 
ether :  — 

The  same  potassium-alcohol,  treated  with  iodide  of  ethyl,  yields  common  ether :-~ 

^*5J*|a  +  G.1I5. 1  =- Ki  +  ^{{*  ja. 

Ethers  are  also  formed  by  the  action  of  strong  sulphuric  acid  on  the  alcohols, 
■a  will  bo  more  fully  explained  hereafter. 

C.  —  Aldehydes,  ^-  These  compounds  differ  from  the  alcohols,  in  containing  2 
ttoms  of  hydrogen  less.     Thus,  to  an  alcohol,     "u**^*  \  ^}  there  corresponds  an 

^clehydc,     "„**"' jO.     They  are  obtained  by  the  action  of  oxidizing  agents  on 

he  alcohols.     Thus,  common  alcohol,  treated  with  bichromate  of  potash  and  sul- 

^oiiric  acid,  yields  ethylic  or  acetic  aldehyde,     *ij'}0. 

^cre  arc  likewise  aldehydes  corresponding  to  the  other  series  of  alcohols. 
'^us,  to  the  alcohols  contaming  the  radicals,  €.H^.7,  there  correspond  aide- 
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sulphate  of  methyl  contains  twice  the  quantity  of  methyl  that  is  contained  in  tho 
acetate.  With  these  differences  of  composition  of  the  chlorides  and  neutral  ethers, 
are  connected  other  properties,  such  as  the  following : — Acetic  acid  forms  but  one 
compound  ether  (p.  705),  whereas  sulphuric  acid  forms  two,  a  neutral  and  an 
acid  ether;  acetic  acid  forms  but  one  amide  (p.  714) ;  sulphuric  acid  forms  severaly 
Ace.  In  short,  on  inquiring  what  are  the  smallest  quantities  of  the  radicals, 
acetyl  and  sulphury!,  that  are  concerned  in  chemical  metamorphoses,  we  find  that 
thcj  are  CjHjO,  equivalent  to  H,  and  SOg  equivalent  to  IIj ;  hence,  we  are  led  to 
represent  the  molecule  of  acetic  acid  as  monatomic,  and  that  of  sulphuric  acid  as 
biatomic." 


NO 

The  principal  monobasic  inorganic  acids  are   nitric,    Tr'(^;  hypochlorous. 


CI 


CIO2 


PO, 


Vv  }0,  chloric,    xi  *  |  O,  and  metaphosphoric,   „ '}  O. 

Of  monobasic  organic  acids,  the  most  important  are  the  so-called  fatty  acidS| 
whose  general  formula  is  — 


c.H^o,  =  ^-^5s-»^ia. 


They  correspond  to  the  alcohols  OoUg^iO,  and  those  which  contain  the  same 
number  of  carbon  atoms  as  the  known  alcohols  may  be  obtained  from  the  latter  by 
the  action  of  oxidizing  agents,  such  as  chromic  acid.  The  number  of  these  acids 
at  present  known  to  exist  is  sixteen,  viz. :  — 


Fonnie  acid OiH^O, 

Acetic      " ^jll4  0a 

Propionic" ^ijHjOg 

Butrrio     " ^fJfgOj 

Talerianic    ^5^10^2 

Caproic    " ^e^ia^a 


(Enantbylic  acid...  O^  Hi^Os 

Caprylio  ♦♦  ...  ^^g  H^Oa 

Pelargonio       "  ...  O,  n„0, 

Rutio  or  capric 

Lnurio 

Myristic 


II 


Palmitic  acid ^i6^»^ 

Stearic      •»    ^is^as^i 

Cerotio      **    ^tr^M^i 

Melissio    "     ^ao^co^i 


These  acids  occur  in  the  vegetable  and  animal  organism ;  they  are  formed  by 
the  saponification  of  fats,  and  by  the  action  of  oxidizing  agents  on  fatty  and  waxy 
matters,  and  on  albumin,  fibrin,  casein,  &c.  The  first  ten  acids  of  the  scries  are 
liquid  at  ordinary  temperatures;  the  next  four  are  solid  fats;  the  last  two  aro 
waxy.     Cerotic  acid  is  obtained  from  Chinese  wax;  melissic  acid  from  bces'-wax. 

A  second  scries  of  monobasic  organic  acids  consists  of  acids  whoso  radical  is  of 

n  TT 
the  form  O.Il2,».jO;  e.g.,  oleic  acid,  G^^.^^  =      H  "}^»  obtained  by  tho  sa- 
ponification of  various  fixed  oils.     A  third  scries  consists  of  acids  whose  radical 
nas  the  form  4JnW«o-s^-     These  are  called  the  aromatic  acids;  only  three  of  them 

are  known,  viz.  benzoic  acid,       ir     (O;   toluic  acid,     "jj'    jO,  and  cuminio 

acid,  ^'°2"^iO. 

There  are  a  few  monatomic  organic  acids  not  included  in  cither  of  these  groups, 

among  which  must  be  particularly  mentioned  cyanic  acid,    jt  }0.     The  cyanatcs 

are  formed  from  the  cyanides  by  oxidation ;  thus,  cyanide  of  potassium  fused  with 
oxide  of  lead,  or  bioxidc  of  manganese,  yields  cyanate  of  potash,  6NKO. 

J^ibaaic  aciJu. — These  acids,  as  already  observed,  generally  form  two  salts,  a 
neutral  and  an  acid  salt,  and  arc  peculiarly  inclined  to  form  double  salts;  e.g, 

potassio-cupric  sulphate,  t^^*  JOj;  tartrate  of  potash  and  soda,    irw^^}^*' 
With  the  alcohols  they  form  two  compound  ethers,  a  neutral  and  an  acid  ether; 


ACIDS.  703 

With  alcohols  they  form  three  compouod  ethers.  Phosphoric  acid  and  commou 
alcohol  yield  cthylophosphoric  acid,  'PJIiiGgUi)^^}  bi-etbylophosphorlc  acid, 
PH(CJl5)A;  phosphoric  ether,  P(e,Il5)A. 

The  neutral  ethers  o/tribasic  acids  contain,  Within  a  given  vapour  volume^ 
three  times  as  much  of  the  alcohol  radical  as  the  ethers  of  the  monobasic  acids. 

Thiis,  2  vols,  citric  ether  coDtain  ^ix'^^j^s;  ^^^  ^  ^^^s-  acetic  ether  contain 

The  chlorides  of  the  trihasic  acid  radicals  contain,  within  a  given  volume, 
three  times  as  much  chlorine  as  the  chlorides  of  the  monobasic  acid  radicals. 
Thus,  2  vols,  chloride  of  phosphoryl  (oxychloride  of  phosphorus)  contain  PO.Clj; 
and  2  vols,  chloride  of  benzoyl  contain  O7H5O.CI. 

The  trihasic  mineral  acids  are,  —  boracic  acid,  BHsOj;  phosphoroas  acid| 
PHjO^;  phasphoric  acid,  PHSO4;  and  arsenic  acid,  ASII3O4. 

Five  trihasic  organic  acids  are  known,  viz.  :^- 

Cyanurioacid G^1I^'S^=       ^'jOs- 

Citric  acid Can,0,  =  ^«}J»^*(Oji. 

Aconiticacid CgH A  =•  ^  h'^  i  Oj. 

Meconicacid (^U,(^=  ^i?^*(^- 

Chelidonic  acid CnA=  ^h^'JOj. 

Cyanuric  acid  may  be  rcprardcd  as  a  triple  molecule  of  cyanic  acid.  It  is 
formed  by  the  destructive  distillation  of  uric  acid,  by  the  action  of  chlorine 
gas  on  urea,  and  by  the  action  of  water  on  fixed  chloride  of  cyanogen,  Cy,Clj. 
Aconitic  acid  is  obtained  by  the  destructive  distillation  of  citric  acid.  •  Meconic 
acid  is  contained  in  opium,  and  chelidonic  acid  in  the  chelidonium  majus. 

Conjugated  acids, — This  name  is  given  to  acids  containing  a  conjugated  radical. 
Thus,  there  are  chloro-,  bromo-,  and  xodo-conjugated  acids,  containing  chlorine, 
bromine,  or  iodine  in  place  of  hydrogen  in  the  radical  \  e.  g.,  chloracetic  acid, 

TT  }0 ;  terchloracetic  acid,  *j j'  j  O :  nitro<onjugated  acids,  containing 
N©i )  «.  g-j  nitro-benzoic  acid,  ^  ^VJ  ^>/^  j  q.  .  sulpTuxonJugated  acids,  contain- 
ing SOgj  e.g.,  sulpho-benzoic  acid,  ^    *^^  *^    JO,,  &o. 

These  acids  are  formed  by  the  action  of  sulphuric  acid,  nitric  acid,  chlorine,  kc, 
on  the  primitive  acids :  — 

a. '-^  Amidogen  acids. — These    are    derived   from    hydrate   of   ammonium, 
-a  ^}^>  ^y  ^^^  substitution  of  an  acid  radical  for  two  or  more  atoms  of  the 
laydrogen  in  ammonium.     Thus :  — 
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These  componnds  are  resolved  by  heat  into  the  simple  anhydrides,  thus :  — 

OxYOEN-SALTS,  OR  INTERMEDIATE  OxiDES.  —  Salts  are  formed  by  the  substi- 
tution of  a  metal  or  other  positive  radical  for  the  basic  hydrogen  of  an  acid,  and 
may  therefore  be  regarded  as  water,  the  hydrogen  of  which  is  replaced  partly  by 
a  basic,  partly  by  an  acid  radical.  If  all  the  basic  hydrogen  of  the  acid  is  thus 
replaced,  the  salt  is  neutral  or  normal ;  if  only  part  of  the  hydrogen  is  thus  re- 
placed, the  salt  is  acid;  and  such  salts  may  be  regarded  as  compounds  of  neutral 
salts  with  the  free  acid,  thus : — 


Bisolphate         Sulphuric  '  Neutral   eul- 
of  Boda.  acid.        phate  of  soda. 

KH    $^~     H     1^+     K    X^- 

Biacetate  of  Acetic        Neutral  acetate 

potash.  acid.  of  potash. 

Banc  tails  may  be  regarded  as  compounds  of  a  neutral  salt  and  an  oxide,  or  as 
double  or  triple  molecules  of  water,  in  which  the  hydrogen  is  replaced  by  a  posi- 
tiTe  radical  in  a  larger  proportion  than  is  required  to  form  a  neutral  salt ;  thus : — 

Pb,  $^-PbX^+      Pb   S^' 

Subacetate       Oxide  of    Neutral  acetate 
of  lead.  lead.  of  lead. 

Sl^  =  Cui^  +  &^- 

Subsulphate     Oxide  of    Neutral  sulphate 
of  copper.        copper.         of  copper. 

In  the  neutral  salts  of  sesquioxides,  as  in  the  oxides  themselves,  8  at.  hydrogen 
of  the  type  water  are  replaced  by  2  at.  of  the  metal ;  thus  — 

(NO03,n.  (S^)sm 

Fe,     i^'  Fe,   ;^•• 

Ferric  nitrate.  Ferric  sulphate. 

Compound  etJiers.  ^-  When  the  basic  hydrogen  of  an  acid  is  replaced  by  an 
alcohol-radical,  the  product  is  a  compound  ether ;  these  compounds  may  also  bo 
regarded  as  alcohols  in  which  one  atom  of  hydrogen  is  replaced  by  an  acid  radi- 
cal. As  already  observed,  monobasic  acids  form  but  one  compound  ether ;  bibasic 
acids  form  two,  a  neutral  and  an  acid  ether ;  and  tribasic  acids,  one  neutral  and 
two  acid  ethers.  The  acid  ethers  are  true  acids,  and  form  salts.  Thus,  from  sul- 
phnric  acid  are  formed  — 

Neutral  sulphate  of  ethyl =     r^Tj\  }0i,  and 


(C.H,) 
Acid  sulphate  of  ethyl,  or  sulphovinic  acid     t=3 


H    >0.. 


^e  remaining  atom  of  hydrogen  in  the  latter  may  be  replaced  by  E;  Na,  &c. 
45 
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salpharscnioas  acid;  ^  j  83,  sulpharscnic  acid,  4    j  ^t,  the  arsenic  being  triato- 

mic  in  the  former,  and  pentatomic  in  the  latter. 

But  few  organic  sulphur-acids  have  been  obtained.     Hjdrosulphocyanic  acidS| 

€NHS=  H  }^>  ^^  analogous  to  cyanic  acid,  1I  jO.  Its  potassium-salt  is  ob* 
tained  by  beating  sulphur  with  ferrocyanide  of  potassium  (p.  377). 

Thiacctic  acid  it  {S,  is  obtained  by  the  action  of  pentasulphido  of  phos- 
phorus on  acetic  acid :  ^- 

6(^«5*^}0)  +  PA  =  PA  +  5(^'S*^|S). 

This  reaction  is  instructive  when  viewed  in  relation  to  that  of  pcntachloride  of 
phosphorus  on  acetic  acid ;  the  latter  giving  rise  to  two  chlorides,  O2H3O.CI,  and 
HGl,  whereas  the  action  of  the  sulphide  of  phosphorus  yields  not  two,  but  one 

Bulphur  compound,     '*/    jS.     A  similar  difference  is  observed  in  the  action 

of  the  sulphide  and  chloride  of  phosphorus  on  alcohol,  the  former  producing  a 

n  n 

single  compound,  viz.,  mercaptan,  the  sulphide  of  ethyl  and  hydrogen,     l^  '  |S, 

the  latter  producing  two  separate  compounds,  viz.,  CJIsCl,  and  HCl.  This 
difference  of  action  shows  in  a  striking  manner  the  propriety  of  representing  the 
oxides  and  sulphides  by  a  t}'pe  containing  two  atoms  of  hydrogen,  and  the 
chlorides,  bromides,  &c.,  by  a  type  containing  only  one  atom  of  hydrogen. 

Sulphur-salts. — These  compounds  arc  formed  from  the  type  jj  |S,  by  the  sub- 
stitution of  a  positive  and  a  negative  radical  for  the  two  atoms  of  hydrogen : 
Thus,  monobasic  sulpharseniate  of  potassium,  ^}^;  tribasic  sulpharseniate  of 

AsS 
potassium,  -^    IS,;  these  formulae  are  evidently  analogous  to  those  of  the  mono- 
basic and  tribasic  phosphates. 

The  compound  sulphur-cthcrs  are  sulphur-salts,  in  which  the  positive  element 

13  an  alcohol  radical : — For  example,  sulphocyanide  of  ethyl,  ri  ^  }S;  sulphocy- 

Ov 
anide  of  allyl,  or  oil  of  mustard,  =  £, /j  }^' 

Sulphide  of  acetyl  and  ethyl,  or  tliiacctic  ether,  is  obtained  by  the  action  of 
persulphide  of  phosphorus  on  acetic  acid  :  — 

HYDROCHLORIC  ACID  TYPE. 

Chlorides. — The  basic  metallic  chlorides  are,  like  the  oxides,  either  monato- 
mic  or  polyatomic ;  e.  g.  — 

KCl  rtClj  ,         Fe,Cl,.AuClj. 

MoDatomie.  Biatomio.  Tritaomio. 

The  biatomic  and  triatomic  chlorides  unite  with  the  monatomic  chlorides,  form- 
ing crystalline  compounds,  whose  composition  may  be  illustrated  by  the  formulas 
of— 

Chloro-aurate  of  sodium NaCl.AuCls  a  a^JCI^ 
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^*^n''o}  +  PCI..CI3  =  e4H40,.0  +  2UC1  +  POCI,; 

and  (JiHA-O  +  PCU.Cl,  =  CJIA-Cl,  +  POCl,; 

whereas,  in  the  case  of  a  moDobasic  acid,  the  action  consists  of  one  stage  only. 
This  difference  is  connected  by  Gerhardt  with  the  fact,  that  a  bibasio  acid  may  be 
supposed  to  contain  water,  whereas  a  monobasic  acid  cannot  (p.  704).  Accord- 
ing to  AVilliamson.  on  the  contrary,  the  two  stages  of  the  reaction,  in  the  case  of 
a  bibasic  acid,  are  precisely  similar  to  one  another,  and  to  the  single  reaction  whioh 
takes  place  with  monobasic  acids.     Thus,  with  sulphuric  acid — 

^  1 0,  +  PC1..CI,  =  ^1  j  O  +  HCl  +  POCl,, 

"^  Hci}^  +  PClg-OIs  =  SOa.Clg  +  IIC14-  POCI,. 

The  difference  in  the  two  views  of  the  reaction  is  this : — that  the  former  supposes 
the  first  stage  of  the  action  to  consist  in  the  formation  of  an  anhydrous  acid ;  the 
second  supposes  an  intermediate  compound, — a  chloro-hydrate  of  the  acid,  to  be 
produced.  The  formation  of  this  chloro-hydrate  has  been  shown  by  Professor 
Williamson  to  take  place  with  sulphuric  acid.  If,  however,  one  of  the  two  mole- 
cules of  hydrochloric  acid  in  Gcrhardt's  first  equation  be  supposed  to  remain  as- 
sociated with  the  anhydrous  acid,  the  two  views  will  nearly  coincide.  In  every 
case,  indeed,  the  reaction  consists  essentially  in  the  interchange  of  O  and  Glj. 

The  triatomic  chhrides,  or  tcrcJilorides,  contaWj  within  two  vapour-volumeSy 
three  atoms  of  chlorine  capable  of  forming  a  metallic  chlorine  ichen  acted  upon 
hy  the  mineral  alkalies. 

The  following  acid  chlorides  are  triatomic  :-— 

Terchloride  of  phosphorus ^ P.CI3. 

Chloride  of  phosphoryl  (oxychloride  of  phosphorus) PO'Cls. 

Chloride  of  sulphophosphoryl  (sulphochloride  of  phosphorus) PS.Clg. 

Chloride  of  chlorophosphoryl  (pcntachloride  of  phosphorus) PClg-Clj. 

Chloride  of  boron B.Cls* 

Chloride  of  cyanuryl  (solid  chloride  of  cyanogen) Cys-Clj. 

The  BROMIDES,  IODIDES,  and  FLUORIDES,  are  exactly  analogous  to  the  chlorides. 
There  are  very  few  organic  fluorides  known. 

The  CYANIDES  arc  also  analogous  to  the  chlorides. 

The  metallic  ci/anidcs  have  a  great  tendency  to  unite  and  form  double  cyanides, 
which  may  be  regarded  as  derivatives  of  two  or  more  atoms  of  hydrochloric  acid. 

Thus,  the  fcrroci/an ides  may  bo  represented  by  the  formula  •**  }Cys,  and  the/er- 

ricyanidesy  by  p  ^  l^ye;  the  Fc,  in  the  latter  formula  being  equivalent  to  H3. 

The  ci/anides  of  the  alcohol-radicals  are  obtained  by  distilling  a  snlphovinate  or 
homologous  salt  with  cyanide  of  potassium :  thus, — 

or  by  the  action  of  anhydrous  phosphoric  acid  on  the  ammoniacal  salts  of  the 
fatty  acids,  the  action  of  the  phosphoric  acid  consisting  in  the  abstraction  of  water : 
thus^ — 

^'Jfjf  }0  —  2H2O  =  CN.CH,; 

^"^7^-"^  Cyanide  of 

Acetate  of  ^^^^^  I 

ammonia.  '' 

or,  generally, 
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e,H,(No,)  +  3h;»  =  n]  h  +  2H2a  +  ss. 

'^   H 

*  I  ft  ^ 

NitrobenzoL  Aniline  or 

phonylamine. 

They  arc  also  frequently  produced  in  the  destructive  distillation  of  nitrogenifed 
organic  substances,  and  arc  consequently  found  in  coal-tar,  bono-oil|  &c. 

These  bodies  are  all  volatile  liquids,  having  more  or  less  of  an  ammoniacal  odour. 
The  bases  of  the  same  series — for  instance,  those  formed  from  the  alcohol-radi- 
cals €.HtB  +  i — arc  less  volatile  and  more  oily,  as  they  contain  more  carbon.  They 
all  combine  with  acids  in  the  same  manner  as  ammonia,  and  form  crystallixabfo 
double  salts  with  bichloride  of  platinum.  Nitrous  acid  converts  them  into  alcohda 
or  nitrous  ethers,  with  elimination  of  nitrogen :  — 

h}n  +   g(a,  =  NN  +  ^^»i€>,  +  H,ftj 

Ethjlamine.  Nitrous  acid.  Nitrite  of  ethyl. 

^""Tjc^— ^^  2  mol.  hydrate 

^»^*°®-  of  phenyl. 

Scrondari/  alcoholic  nitrtJes. — The  constitution  of  these  bodies  may  be  under- 
stood from  the  following  examples :  — - 

Biethylamine,  C^HnN =  €»H»|N. 

C.H.) 
Mctethylaminc,  €,H»^r =»  CH.JN. 

Etbaniline,  or  ethyphenylamine,  CgHnN =  GcH^rN. 

£[ 

They  are  obtained  by  the  action  of  the  bromides  or  iodides  of  the  alcohol-radi- 
cals on  the  primary  nitrides :  — 

H  [N  +  GJI.Bt  =  CgH,  [N  -f  HBr, 
H  J  H  J 

Tertiary  alcoholic  nitrides,  or  nitrite  bases :  — 

Biethamylamine,  CfHaiN  =  OgHs  [N. 


Triethylamine,      C«H,5N  =  CjH.  }  N. 

£L TT.  J 


Methamylaniline,  GuHjgN  =  O5H1,  [N. 

HI-IT.  J 


CH, 


# 
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These  componnds  are  formed  by  the  action  of  the  iodides  and  bromido.^  of  tLc 
alcohol-radicals  on  the  gecondary  alcoholic  nitrides ;  also  by  the  distillation  of  tli? 
ammonium-bases,  thus :  — 

Hydrate  of  Triethjlamine.     Ethylene, 

tetrethylium. 

Triethylaminc  is  likewise  obtiuned  by  the  action  of  ethylate  of  potosdam  'rn 
cyanate  of  ethyl :  — 

Cynate  of  2  at.  eUijIate  of  Carbonate  Trictbjiaminc. 

ethyl.  potasBium.  of  potash. 

This  action  is  analogous  to  that  of  hydrate  of  potash  or  cyanate  of  cthjl '  p.  TI(*  ■ 
The  other  tertiary  alcoholic  nitrides  might  doubtless  be  obtained  in  a  ^l!uU:^7 
manner. 

There  are  also  nitrides  containing  conjugated  alcohol-radicals ;  e.g.-,— 

Bichloretliylamino C,H,CljN      =     U       }X. 

II      f 

CH«C1  \ 

ChloranUme CH,C1N       =      H      [x. 

U     > 

NitranUine €,H.(NO,)X  =     I£  X. 

H  > 

Nitride*  of  aldehyde-radicals.  — Tbcse  bodies  arc  but  little  known. 
Acetosylamine,  N(Ht .  €tll,),  is  obtained  by  the  action  of  ammonia  on  cLloriJi 
of  ethylene  (chloride  of  acctosyl  and  hydrogen) :  — 

^^2»jCI,  +   2NH,  =      h'Jn.HCI  +  Nn4CI. 

Chloride  of  aceto-  Uydrochlorate  of 

syl  and  hydrogen.  acetosylamine. 

The  natural  vegcto-alkalics,  morphine,  strychnine,  &o.|  are  most  probablj  of 
similar  nature  to  these  artificial  alkalies,  but  they  have  not  yet  been  reductil  tt 
regular  series. 

b.  Negative  or  acid  nitrides.  —  These  are  the  compounds  gcnenlly  ciUei 
amides. 

Primary  amides. — In  these  compounds,  one-third  of  the  hydrogen  in  1, 2,  or 
3  molecules  of  ammonia  is  replaced  by  an  acid  radical. 

o.  Monatomic :  — 

Aoetamide^  or  nitride  of  acetyl  and  hydrogen €iH|NO  =  N{     H  • 

I    H 


J 
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Butyramide,  or  nitride  of  batjryl  and  hydrogen G^^J^O  =  'S\     H  • 

I     H 

fCrHsO 
Benzamide^  or  nitride  bf  benzoyl  and  hydrogen 67H7NO  »  N^i     H  • 

^     H 

These  amides  differ  from  the  corresponding  ammoniacal  salts  by  the  elements 
of  one  atom  of  water :  — 

^^^  I  a — H^  =  N  {^'^>^. 

Acetate  of  ammonia.  Acctamide. 

They  are  produced  by  the  action  of  ammonia  on  the  anhydrous  acids :  — » 

Benzoic  anhydride.  Benzoic  acid.      Benzamide. 

by  the  action  of  ammonia  on  the  acid  chlorides : — 

G^HsO.Cl  +  NH5  =  HCl  +  N  j  ^^'^ ; 
and  by  the  action  of  ammonia  on  the  compound  ethers : — 

G,H,  I^  +  J>'^3-    H   i^  +  ^j     II  . 

Acetate  of  ethyl.  Alcohol.         ^_    ^    _^ 

Acctamide. 

These  amides  are  neutral  crystalline  bodies^  which,  when  boiled  with  aqueous 
acids  or  alkalies,,  take  up  water,  and  arc  converted  into  ammonia-salts.  When 
treated  with  anhydrous  phosphoric  acid^  they  give  up  the  elements  of  1  at.  watery 
and  are  converted  into  cyanides  of  the  alcohol  radicals : — 


N  j  ^^JJ*^  —  Had  =  CN.€H,. 


Acctamide.  Cyanide  of  methyl. 

/8.  Biatomic.     Primary  hiamides  or  diamtdes: — 

Ug . 
H. 

Succinamidc,  or  nitride  of  succinyl  and  hydrogen... €r4HgNaOa  =»  NjS     H,   . 

^    H. 

H*  * 

fCiHA 

Tartramide,  or  nitride  of  tartryl  and  hydrogen G^U^^^  =  N,  j      H2  . 

^     Hf 

They  are  produced  by  the  action  of  heat  on  the  neutral  ammonia-salts  of  bibasio 
•eids: — 
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Most  of  them  arc  produced  by  the  action  of  heat  on  the  acid  ammoniacal  salts 
>f  bibasic  acids,  tlie  change  consisting  in  the  cliuiiuation  of  2  molecules  of 
ifater: — 

O4H4O1)  .nTTXi 

Acid  succinate  of  Succinimide. 

ammonia. 

»T  the  action  of  heat  on  the  biamidcs  of  bibasic  acids,  ammonia  being  then 
;xTen  off: — 

Succinamide.  Succinimide. 

•r  by  the  action  of  heat  on  the  amidogen  acids. 

Tertiary  Amiihs In  these  compounds,  all  the  hydrogen  in  ammonia  is  re- 

klaccd  by  acid  radicals. 

a.  JUouatomic.  —  1.  The  hydrogen  is  replaced  by  three  monatomio  radicals; 

-  ff.:  — 

rG,YiSOt 
Nitride  of  sulphophenyl,  benzoyl,  and  acetyl Nj^fH^. 

rC.H.gO. 

Xitridc  of  sulphophenyl  and  benzoyl N-j  ^^HjO. 

2.  One  atom  of  liydrogen  is  replaced  by  a  monatomio,  and  the  other  two  by 
a  biatomic  radical : — 

Nitride  of  succinyl  and  sulphophenyl ^lfi*H*&CX.* 

These  anjides  are  formed  by  the  action  of  aoid  chlorides  on  the  secondary  amides^ 
or  their  silver-salts. 

8.  All  the  hydrogen  is  replaced  by  a  triatomio  radical.  The  composition  of 
iereral  inorganic  compounds  may  be  expressed  in  this  manner:  — 

Monophosphamide,  or  nitride  of  phosphoryl =  N  .  PO. 

Boramidc,  or  nitride  of  boron =  N  .  B. 

Free  nitrogen,  or  nitride  of  nitrogen,  the  amide  of  nitrous  acid  ...  ss  N.N. 

Protoxide  of  nitrogen,  or  nitride  of  azotyl,  the  amide  of  nitric  acid  =  N  .  NO. 

3.  Biatomic.  —  Compounds  in  which  all  the  hydrogen  of  2  molecules  of  am- 
monia is  replaced  by  uiouatomic  or  biatomic  radicals  :  — 

Trisuccinamide,  or  biamide  of  trisuccinyl Ng-t  (^^II^Ob. 

Biamide  of  succinyl,  bibenzoyl,  and  bisulphophenyl N^-^  (OyHsO)]. 

l(c,H,sa,). 

These  tertiary  hiamides  arc  produced  by  the  action  of  acid  chlorides  on  other 
Guides  or  biamidcs. 

Intermediate  nitrides,  or  amidogen -salts. — These  are  compounds  in  which  the 
hydrogen  of  ammonia  is  replaced  partly  by  a  basic,  partly  by  an  acid  radical. 
felost  of  the  primary  and  secondary  amides  form  such  salts,  which  are  produced 


Etb^'l-cyaDamidc  .. 


PnospniPES.  —  These  compdnnds  are  derived  froii 
substitution  of  phonpliuruH  for  aitro^co,  lod  of  various 
PhosphuK'tted  hj-Umi^cn,  PII„  is  nnalogoua  to  ammonii 
acid  a  compound,  I'll,  .  HI,  or  Plltl,  which  cryatallizc 
ammoDinra,  or  iodide  of  potassium. 

With  the  alcohol -radicals,  phosphorus  forms  conipoi 
holic  nitrides,  aud  like  those  bodies  possesiiins  alkaline 
pliomcthj'laTiiinc,  or  t  rime  thy  phosphine,  l'(GII,),.  Th 
taincd  by  the  action  of  terclitoridc  of  phosphorus  on  li 
the  reaction  bi'in<;  cxpru^scd  by  tho  following  general  c 
PCI,  +  3e.ir^  +  ,  Zn  =  SZnCl  +  P(i 
Thno  phosphides,  treated  with  tho  iodides  of  the  con 
field  compounds  analt^us  to  the  uumooiuui  bases :  tt 

P(GH,),  +  e,H.I  =  ^^^'^»  j  P 

The  only  negative  or  acid  phosphide  icnowQ  is  cblora 
terchloracetyl  =  P(ejCI,0 .  H  .  II). 

AitsENiDES  AND  AxTiMoxiPES — Arscnic  and  anti 
of  tho  ammonia  type;  c  j.,  AsH,;  SbH,;  AsCC.l 
arsenides  and  antiuionidcs  of  tho  alcohol -radicals  diffei 
pcrties  from  the  nitrides  and  phosphides,  not  combiai 
&c.,  in  tlic  same  manner  as  ammonia,  but  rather  combii 
iodine,  &,c.,  like  metals.  They  belong,  therefore,  rathe 
719). 

htqboqeh  ttfe. 

The  primary  derivatives  of  this  type  are : — 

1.  Tlio  hjfifn'ita  of  flit  metals  proper.  A  small  Daml 
vis.,  Cu,H,  AsH„  and  Sbll,.  The  tiro  latter  may  also 
of  a 
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Zn  .  C,H.  +  g |0  =  H  .  C,Hs  +  jj"  jO; 

occasionally  also  in  the  destrnctive  distillation  or  spontaneous  decomposition  of 
vegetable  and  animal  substances.  Marsh-gas,  for  example,  is  formed  by  the  putre- 
faction of  vegetable  matter  under  water  (p.  278).  The  hydrides  of  methyl  and 
etbjl  are  gaseous  at  ordinary  temperatures,  the  rest  are  liquid  or  solid.  They  are 
decomposed  by  chlorine,  with  formation  of  substitution-products  3  thus — 

II .  Qjis  +  cici  =  II .  Ca(H,ci)  +  nci. 

There  are  likewise  hydrides  of  alcohol-radicals  of  the  form  II.C.Hjn^T,  the 
best  known  of  which  is  benzol,  or  hydride  of  phenyl,  ^sHf,  or  II .  CjHs.  These 
compounds  are  obtained  in  the  destructive  distillation  of  many  organic  substances ; 
benzol,  for  instance,  by  the  distillation  of  coal.  They  are  also  formed  by  the  dry 
distillation  of  the  monobasic  acids,  Cnllja-vO,  with  excess  of  lime  or  baryta^  a 
carbonate  of  the  base  being  formed  at  the  same  time  : — 

Benxoio  acid.  Benzol. 

3.  The  hydrides  of  the  aldehyde-radicals^  Ca  H^  _  |.     These  are  ^— 

Ethylene,  defiant  gas,  or  hydride  of  acetosyl ^iH^  =  H.CaH^ 

Propylene,  or  hydride  of  propionyl ^aHg  =»  II  .^sH^. 

Batylcne,  or  hydride  of  butyr}'l  ^Jlg  =a  H  .©4H7. 

Amylene,  or  hydride  of  valeryl ^sl^io  =  H  .  G5H9. 

These  compounds  might  also  be  regarded  as  hydrides  of  the  alcohol-radicalsi 
Ca  Ufa.i;  for  example,  propylene  as  hydride  of  allyl  (p.  698).  Possibly,  how- 
ever, there  may  be  two  isomeric  series  of  these  compounds,  the  one  derived  from 
the  alcohols,  the  other  from  the  aldehydes. 

These  hydro-carbons  are  formed  by  the  destructive  distillation  of  organic  sub- 
stances, several  of  them  being  found  among  the  products  of  the  distillation  of 
isoal.  They  arc  also  produced  by  the  action  of  strong  sulphuric  acid  at  a  high 
temperature  on  the  alcohols,  the  change  consisting  in  the  abstraction  of  the  ele- 
-aienta  of  water :  thus :  — 

GjHeO  —  HgO  =  C2H4. 

Alcohol.  Ethylene. 

The  only  body  of  the  series  which  is  gaseous  at  ordinary  temperatures  is  ethylene 
(p.  285) ;  the  rest  are  liquid  or  solid.  The  first  term,  methylene,  has  not  been 
obtained  in  the  free  state.  These  compounds  are  especially  distinguished  by  com- 
bining with  two  atoms  of  chlorine,  bromine,  &c.,  forming  compounds  homologous 
with  Dutch  liquid  or  chloride  of  ethylene,  Qi^^,  CI2;  whereas  the  hydrides  of 
-the  radicals  O.Ha.^!  are  decomposed  by  chlorine. 

The  lower  compounds  of  the  scries  also  combine  with  anhydrous  sulphuric  acid. 
Thns,  olefiant  gas  is  immediately  absorbed  by  the  anhydrous  acid,  or  by  a  coke 
bell  soaked  in  fuming  oil  of  vitriol.  This  property,  and  that  of  forming  liquid 
oompounds  with  chlorine  and  bromine,  is  made  available  for  separating  olefiant 
gas,  and  the  other  more  volatile  hydrocarbons  of  the  scries,  from  gaseous  mix- 
tores. 

'4.  The  hydrides  of  the  acid  radicals, 

a.  Monatomic.  —  The  hydrides  of  the  acid  radicals  C'H2ft_|0,  are  evidently  the 
aldehydes  of  the  fitty  acidJs  (p.  699) :  thus :  — 


Ilydrochlorio  acid,  or  aldehjdc  or  hjpocliloTous  ociJ... 

Hydrocyanic  acid,  or  nldcliydc  of  cyanic  acid 

EpoDtaneoua  ioflaminable  pho^phurcttcd  hydrogen,  c 
byde  of  hypopLospborous  acid 

ff.  Hydrides  of  biatomic  acid  radicals :  — 
HydroKulpbnric  acid,  or  aldcludc  of  hyposalplmrou.*  a 
HydroGclcnic  acid,  or  aldehyde  of  liypoEclcniuus  acid.. 

Y-  HydridcH  of  triatoniic  acid  radicals :  — 
N'oD-spontaneously  iufiaiiinmblc  plioEphurrctlcd  hydrc 

aldehyde  of  physpliorous  acid , 

Antiiuoniurctted  liydru^cD,  or  uldehyde  of  auliiuouiou 

The  secondary  derivatives  of  the  hydro(!CD-type  are^ 

1.  The  ordinary  metals: — PotaFEiam,  KK,  derived 
derived  from  Hilli;  alumiDium,  AljAlf,  derived  from 

2.  The  aleohnl-mctaU,  derived  from  the  type  III 
bciug  replaced  by  alcohol  radicals.  The  only  bodies  > 
been  obtained  arc  those  coDtaioinj:  the  radicals  ti.Tf,, , 
the  two  atoms  of  Iq-dro^n  arc  ri'plaecd  by  the  game  i 
tth\,l,  C,Hj.C,H,j  bjili/l  or  /<-(,y,  t:,II,.e,H,i  nni# 
Ac:ry,  G,U„  .  t,H„ ;  and  ci-pryl  or  nclj/l,  C.II„ .  C.H, 
two  atoms  of  hydrogen  are  replaced  by  diScrcnt  ndick 
mci/i^lo-eaprnfff,  hutyi-amyl,  and  buf^hy-ciproyl,  T 
the  bodies  of  the  class  (a.)  in  the  free  state,  by  the 
already  given  (p.  690). 

These  alcohol- metals  are  obtained  by  the  action  of- 
alcohol-radicals  (p.  COT);  by  the  action  of  sodium  oi 
radicals;  and  by  the  ciectrolyBis  of  the  alkalioo  salts 
acid  and  hydrogen  bciog  evolved  at  the  saue  tiue :  — 
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Methyl  and  ethyl  are  gaseous  at  ordinary  temperatures;  the  other  alcohol- 
metals  aro  liquids  more  or  less  volatile.  They  exhibit  but  little  tendency  to  unite 
with  other  .bodies.  The  alcohols  and  ethers  cannot  be  formed  from  them  directly. 
Oxygen  and  sulphur  do  not  act  upon  them,  and  chlorine  and  bromine  do  not 
unite  with  them,  out  decompose  them,  forming  substitution-products ;  they  are  not 
attacked  by  hydrochloric  acid  or  by  potash.  For  their  boiling  points  and  vapour- 
densities,  sec  page  690. 

3.  Mixed  metals,  containing  a  metal  proper  and  an  alcohol-radical ;  e.  g,  zinc 
methyl^  ^IIs.  Zn  j  zinc-cthi/l,  Qt^li.  Zn ;  zinc-am t/l,  OsIIuZn;  stannethyi,  OfHsSn; 
arsenethyl,  (CjH5)3As ;  itihmethyl^  (CH5)Sb,  &c. 

These  compounds  are  obtained  by  the  action  of  iodide  of  ethyl,  &c.,  on  the 
corresponding  metals,  or  their  alloys  with  potassium  or  sodium ;  thus,  the  com- 
poands  of  ethyl  and  arsenic  arc  obtained  by  distilling  iodide  of  ethyl  with  arsenide 
of  sodium;  arsen-bimcthyl  or  cacodyl,  (^Hg^As,  is  likewise  produced  by  the 
dry  distillation  of  a  mixture  of  acetate  of  soda  and  arscnious  acid.  To  undcrstind 
this  reaction,  it  must  be  remembered  that  the  radical  of  acetic  acid^  CgUjO;  may 
be  supposed  to  consist  of  CO  conjugated  with  methyl,  CH, :  — 

Acetate  of  soda.  Oxido  of  cacodyL 

These  compounds  are  liquids  more  or  less  volatile,  and  generally  having  a  very 
offensive  odour;  they  oxidize  rapidly  in  the  air,  and  sometimes  take  fire.  Zinc- 
methyl,  zinc-ethyl,  and  cacodyl  take  fire  instantly  on  coming  in  contact  with  the  air. 

Zinc-methyl,  zinc-ethyl,  and  zinc-amyl  differ  in  some  respects  from  the  other 
mixed  metals  in  their  behaviour  with  oxygen,  sulphur,  chlorine,  iodine,  &c.  When 
these  metals  are  exposed  to  the  air,  but  not  freely  enough  to  cause  them  to  take 
fire,  they  arc  converted  into  mixed  ethers ;  thus,  — 


2  (Gllj.Zn)  +  OO  =  2  (^^^'jo). 


Similarly  with  sulphur.  Chlorine,  hromine,  and  iodine,  on  the  other  hand, 
idecomposG  them^  producing  a  chloride  of  the  metal  and  a  chloride  of  the  alcohol- 
jadical:— - 

CH, .  Zn  -f-  ClCl  =  CITg .  CI  +  ZnCl. 

Thifl  diffensnce  of  reaction  is  in  perfect  accordance  with  the  bibasio  character  of 
oxygen  and  sulphur,  and  the  monobasic  character  of  chlorine,  bromine,  and  iodine 
(compare  pp.  689,  707).  The  same  mixed  metals  decompose  water^  forming  a 
hydrate  of  zinc  and  a  hydride  of  the  alcohol-radical :  — 

Cn^Zn  -f  JjO  =  II. GH,  +   ^(O. 

The  other  mixed  metals  —  thence  called  conjugate  metals  —  containing  tin, 
utimony,  arsenic,  bismuth,  lead,  and  mercury,  combine  as  simple  radicals  with 
^ioxygen,  chlorine,  &c.,  forming  oxides,  chlorides,  &c.     The  oxides  of  these  conju- 
gate metals  may  be  regarded  as  derivatives  of  the  oxides  of  the  simple  metals 
contained  in  them,  one  or  more  atoms  of  oxygen  being  replaced  by  its  equivalent 

amtity  of  ethyl,  &c. ;  that  is,  O  by  (€2115)2,  &c.     This  will  be  seen  from  the 
owing  table,  in  which  the  symbol  Et  stands  for  (Cgllj), :  — 
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Type.  DerivftUTe. 

Awenious  acid,  Affir  Oxide  of  arwn-biethyl  A»^Et,9)  =  O  |  ^'''^•{{•N 

Arsenic  acid,  AsjOj....  Oxide  of  arscn-tricthyl  AsgfjAfi^)  =  O,  ^  •^*[^«"*.> 

ArBenic  acid,  AsjOj....  Oxide  of  areenethylium  A!i,(Et^O)  =  O,  J  wl^'llv* 

Stannic  oxide,  SngO,...  Oxide  of  stannethyl  SD,(EtO)  =  O  •[  *^° :^'}|^' 

Stannic  oxide,  (2  at).  \  q^jj^  ^^  5  stinnehyl  Sn,(Et,0;^0,  -'  ^"*  f  »f!» ' 

Mercuric  oxide  (  at.),  \  ^^-^^  ^^  mercurethjl  np,(EtO)=0,  i  \\^*'t'\? 

^  h^o'^'ill!!!!!^!!".!:  }  ^"^*  ^^  tetrethyUum  >VKt.O}=0  {  l]^*\y[ 

The  method  of  detcnniDlDg  the  equivalent  in  hydrogen  of  these  coDJngiic  ndi- 
cals  has  been  already  explained  (p.  G94). 

Add  metah,  or  mflallunh. — These  are  the  elements  commonly  called  ocgaUTC 
or  chlorous  :  c,  */.  oxygen,  sulphur,  phosphorus,  &c. 


RELATIONS  BETWEEN  CHEMICAL  COMrOSITION 

AND  DENSITY. 

Atomic  Volume  of  Liquids,* — The  atomic  volumes  of  bodies  are  tliefpaeo 
occupied  by  quantities  proportional  to  tlieir  atomic  weights,  and  are  calcubu-J  bj 
dividing  the  atomic  weights  by  the  specific  gravities  (p.  172);  thus,  theat*.>mK 
weights  of  copper  and  silver  being,  on  the  hydrogen  scale,  317  and  lU^l.  inJ 
their  specific  gravities  (water  or  1)  being  8  03  and  10-67,  their  atomic  vuluoitii 

are,  respectively,  -~r  and  -^;.—^,  or  30  and  10*2.    These  numbers  are,  of  cccse, 

only  relative ;  their  actual  values  depend  on  the  units  of  atomic  volume  and  desstj 
adopted. 

It  has  already  been  observed,  that  the  relations  between  atomic  wcipbi  ui 
density  arc  much  less  simple  in  solids  and  liquids  than  in  gases,  the  diTer>iuc!r  ii 
the  rates  of  expansion  by  heat  of  liquid  and  solid  bodies  being  alone  sufficioat  ts 
complicate  these  relations  to  a  considerable  extent.  With  regard  to  li^iniis  a 
particular,  the  researches  of  Professor  Kopp  have  shown  that  their  atomic*  vvluDei 
are  comparable  only  at  tenipcraturea  for  which  the  tensions  of  the  vapours  are  cqaal; 
for  example,  at  the  boiling  points  of  the  liquids.  If  the  atomic  weights  uf  l:<|nici 
are  compared  with  their  densities  at  equal  temperatures,  no  regular  relatiou  caa 
be  perceived ;  but  when  the  same  comparison  is  made  at  the  boiling  teRi(«i>Dtii!v* 
of  the  respective  liquids,  several  remarkable  laws  become  apparent.  The  d«B«(j 
of  a  liquid  at  its  boiling  point  cannot  be  ascertained  by  direct  cxporimtfot;  Ui 
when  the  density  at  any  one  p(»int,  say  at  15-5°  C.  (CtO°  V.),  has  been  x«ccrui»ei 
and  the  rate  of  expansion  is  also  known,  the  density  at  tlie  boiling  point  but  be 
calculated.  Abundant  data  for  these  calculations  arc  supplied  by  the  Lbcon  cf 
Kopp  and  Pierre  (p.  044). 

*  U.  Kopp,  Aim.  Ch.  riianiL  zctI.  2,  S30. 
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The  following  table  contains  Kopp's  determinations  of  the  atomic  volumes  of  n 
consiilerablo  number  of  liquids  containing  carbon,  ]iydro{;oQ,  and  osjgen  ot  their 
boiling  points.  The  atomic  weights  are  those  of  Hk  hjdrogeo-scale.  The  calcn- 
latol  atomic  vulumes  in  the  fourth  column  nre  dctcrmiucd  l>y  a  irictlioJ  to  bo  pre- 
Bentlj  described;  the  obterveJjitomicvoiuTocs  m  the  fifth  colaian  arc  the  quotients 
of  the  atomic  weights,  on  the  hydrogen -scale,  divided  by  the  specific  gravitieB 
referred  to  water  as  unity. 


e  Volumti  of  LijuiJa  containing  Carlon,  Ili/ilroffen,  and  Oxygen. 


VSnplithnlm 

lAMchyJe 

/Viilpraldchvilc... 
'  ]Ilitlcr  tilmuiid  oi 


iir,-o..,  yn-r  at 

1S3-5...185-2  " 

I4ii2 ■■ : 

5tlO,..  Ma  " 

117-3,..i:;()-B  " 

I   118-1 " 

I   lt<0-2 '■  ; 


Water 

Wiiort-spirit 

Akohol _ 

Amylic  nicohal 

I'henrlia  nlcnhol... 

Itrtizmc  alcobo! 

Pormioacid 


Tinio  ellitr      

Acetic  acid  (miliydraus)  .. 

Fonninloof  metliyl 

.  A<et>ita«fmel>i;l 

liule  or  ethyl 

AceWleof  ellijl..  

TViijrateof  miilijl 

Propionate  of  *flijl 

Vnlcmte  of  methyl 

But;rata  ot  elhfl 

AcDtiite  of  hulft 

Formiule  of  iimjl 

Vnlerate  of  ethyl 

Aeetnlfl  or  ainji 

Vulerate  of  nniyl 

"  ;«  of  mclhyl 


Beiiic 
lieiiic 


elhyl... 


LCm. 

'.   f  .Acid  ■alioylate  of  methyl... 

I       C»rbonalo  of  ethyl 

'' ■   Oxalate  of  melhyl 

■      Oxalate  of  ethyl 

t  (,Succinale  of  elbyl 

40 


t!.H,iO 

o,n,o   I 
p,ii,t^i. 


t!,ll„0. 


128-8 
lOfl-fl 
128-8 


O^'l " 

83-7...  8.-.-8  " 
84'J...  m-1  '■ 


14til...H9-4  " 
H'.1'3 " 

14n4...1fiO-2  " 


162-0 
174-0 

240-0 
207-0 


1CG'8...1C7'1  "  ItM 
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A  eoivipnrisi.  M  of  tl.e  numbers  iu  this  table  leads  to  the  followint:  rcLiirkjt'.c 

results:  — 

1.  Jjt'jft rt ncfn  f'/  atomic  lohime  arc  in  numerous  luftauccs  pn'^yfrfriti'i^t'  '■•< 

iliffcrcjicra  hrtu:*cn   thr  corrrfpouffinf/  chfmica?  /arniul«, — Thus  lit |u;ds.  wr*«"*^ 

formula  differ  by  n .  QUj,  differ  in  atomic  volume  by  «  .  22 ;  for  cxamjiU".  ir;* 

atomic  volumes  of  formiatc  of  methyl,  4?Jl40|,  aud  butyrate  of  ethyl,  ^«lItU,.  d»^..7 

by  nearly  4  X  2*2.     Acetate  of  ethyl,  Cjl^Oi,  and  butyrate  of  methyl.  t,li  w, 

"whose  forniulai  differ  by  4^112,  differ  iu  atomic  volume  by  nearly  22.     Thi  saa.-.'  latr 

holds  *;ood  with  res|iei:t  to  li(iuids?  containin«i  sulphur,  chlorine,  i-«jinc,  Inaiiv. 

and  nitrogen  (see  Tables  I  J,  0,  I)).     Again  :  by  coniparinj;  the  atoniio  toIuili-s  J 

analogous  chlorine  aud  bromine  compounds,  it  is  found  that  the  i.ub>titutifD  J  I, 

2,  or  3  atoms  of  bromine  for  an  e(|uivuK'nt  quantity  of  elilorine,  inorcu*  •  i:.e 

atoniic  volume  of  a  compound  by  oneo,  twice,  or  throe  time^  .'».     Thi*  wil.  "m  .v.s:a 

by  comparing::  the  atomic  volumes  of  l*]Jr,  and  l*CIj;  ^^^lljUr  auJ  V^.Iij.\.  ic. 

(Table  C.) 

2.  J^frnirn'c  liquiiJs  hdoutjimj  to  the  same  rJu^mt'cal  typr  June  tijwi!  c  :.  ": 

volumes. — The  atomic  volume  of  acetic  acid,  Kj^  |0,  is  between  *V;jr»  a!.J  •*-  ^: 
that  of  formiatc  of  methyl,  ^.r     }0,  is  0.'V4 ;  the  atomic  volume  of  buryr".?  .v.vi. 

*^*||^ja,  is  between  lOG-4  and  lOTS;  that  of  acetate  of  ethyl,  !/{{'' \^ 

is  between  107-4  and  107S. 

3.  Iu  /ttjuith  of  fhr  same  vhtmiml  tj/pe^  the  rcphieimntt  of  li*/'lr"j'7i  '^  .:n 
equivuhut  qunutity  of  osyfjfn  (that  is  to  s;iy»  of  1  pt.  of  hydnvi-n  ly  >  i:-.  .:' 
oxygen)  vvihrs  hut  a  sJiyht  ulterntion  in  the  a/onn'r  volume.  —  Tiiis  nm^  i'-  m  r 
by  comparing  tlie  atomie  volumes  of  alcohol,  CjII^O,  and  acetic  aeid.  r^lI,U, ;  .f 
ether,  (.^TTioO,  acetate  of  etliyl,  (.^HjO^'  ^^^  anliy-lrous  aoeti<*  acid,  ^MJ^u,:  f 
cymol,  C,oHi4.  and  tuniinnl,  (\pll,20.  The  alteration  caused  by  the  >uU:::u;i  3 
of  O  for  Hg  is  always  an  increase. 

4.  Ill  1iqtn(h  nf  the  mnne  rhrmirtil  tt/pey  the  r(phut:ni  ut  f'f  *1  n*.\\  ^ jX  c'.^ 
(1  pt.  by  Weight  of  Iiydrogen  by  0  parts  of  carbon)  mnAts  ho  nlf' rttf''-',  i:  ■■.-•' 
atomic  rolumr.  —  Such,  for  example,  is  the  case  with  benzoate  <»f  *.il]\l.  *-jH.^ 
and  valenitc  of  ethyl.  ^^-IIj^O^,  and  with  the  corresponding  benziiatrjs  and  \ui'.rjt'-^ 
in  general ;  alsn  with  bitter  alincmd  oil,  4^:1 1„0,  and  valeraldt-hyje.  4-^11  £*-*. 

In  liijuids  belunging  to  different  types,  the  same  relations  are  n.-t  t'l.iu!..!  t.  K-  i 
pood.  Moreover,  the  types  within  which  these  relations  are  oh^vrvi  1.  lir*.'  j:-.- 
ciscly  those  of  (lerlinrdt's  elassilieation  (p.  COt)).  Further,  when  W'^n'ii  c  -- 
pounds  are  represented  by  rational  fonuuJiC  founded  on  these  types,  tii«  ir  s:-  Ciir 
volumes  may  be  calculated  from  certain  fundau»ental  values  of  the  ainmio  v-  l-:i."« 
of  the  elements,  on  the  suppL»sition  that  the  atomic  volume  of  a  lii|uid  ci.ii:.j-^cj>i 
is  equal  to  the  sum  of  the  atomic  volumes  of  its  constituent  elements. 

^^ince  the  addition  of  4^II|  to  a  compound  increases  the  atomic  Tolun:o  Iv  11* 

this  number  may  be  taken  to  repn?sent  the  atomic  voluuic  of  CII^.;  Wiorvi'vcr.  <u-: 

(r  (or  Ci)  may  take  the  place  of  II,  in  combination,  without  altering  the  a:  -ru: 

volume  of  the  compound,  it  follows  that  the  atomic  volume  of  Q  must  Le  e-riil  *J 

22 
that  of  11^;  and  therefore  the  atomic  volume  of  0  =  -.^  =  11,  and  tliat  uf  H.  s'j-J 

equal  to  n,  or  that  of  II  =  5-5.  Further,  as  the  substitution  of  4i  fiir  H^  7"»- 
duces  a  slight  increase  in  the  atomic  volume  of  a  com|>ound,  the  atomie  y>>.ux« 
of  O  must  be  rather  greater  than  11 ;  and  it  is  found  that,  by  assuming  the  i:-  n:c 
volume  of  y,  when  it  takes  the  place  of  Ifj  (that  is  to  s:iy,  in  a  radieal.  a<  vhi 
acetyl,  ^^^HjO,  is  formed  fA)m  ethyl,  C^IIs),  to  be  equal  to  12-2,  re-ult*  »re 
obtained  agreeinir  very  nearly  with  those  of  obsen'ation.     IJut  when  oxvjes  ocva- 

^  .  II 

pica  the  position  which  it  has  iu  water^  ..O^  its  atomic  volume  is  smaller.    Tlie 


ATOMIC    VOLUME    OF    LIQUIDS.  723 

specific  gravity  of  water  at  the  boiling  point  is  0*9579 ;  hence  its  atomic  volume  at 

18 
that  temperature  is  --  ,      =  18.8 ;  now  the  2  atoms  of  hydrogen  occupy  a  space 

equal  to  11 ;  hence  the  volume  of  the  oxygen  is  7*8.  The  same  value  of  the  atomic 
Tolume  substituted  for  O  in  the  formulae  of  the  several  compounds  belonging  to 
the  water-type,  in  which  it  occupies  a  similar  place,  that  is  to  say,  outside  the 
radical,  gives  results  agreeing  nearly  with  observation.  That  a  given  quantity  of 
a  aubstance  should  occupy  different  spaces,  under  different  circumstances,  is  a 
^t  easily  explained,  when  it  is  remembered  that  the  particles  of  a  body  cannot 
be  supposed  to  be  in  absolute  contact,  but  are  separated  by  certain  spaces,  which 
inerease  or  diminish  according  to  the  temperature  of  the  body,  and  according  as  it 
18  in  the  solid,  liquid,  or  gaseous  state. 

From  these  values  of  the  atomic  volumes  of  the  elements  carbon^  hydrogen^  aud 
oxygen ;  viz.  — 

Atomic  volume  of  6 =  11 

"  "         H =    55 

"  "  O   (within  the  radical) =  12-2 

"  "         Q  (without  the  radical) =    7-8; 

ihe  calculated  volumes  of  the  atomic  volumes  of  liquids,  in  the  fourth  column  of 
Table  A,  are  deduced.  The  method  of  calculation  may  be  understood  from  the 
following  examples : 

Benzol,  QJl^  =  CftHft .  n. 

Atomic  volume  of  O^ =  6f? 

"  "         He =33 

*•  «         benzol =  99 

Aldehyde^  (^J^  =  CaHjO .  II. 

Atomic  volume  of  O2 =  22 

"  "  II, =22 

"  "         O  (within  the  radical) =  12-2 

"  "         aldehyde =  56-2 

Alcohol,  €,lIffO  =  ^"jj*  j  O. 

Atomic  volume  of  4^2 ==  22 

«  **         He =33 

"  "  a  (without  the  radical) =    7*8 

"  "         alcohol =  62-8 

Acetic  acid,  OjU A  =  ^  u"^ !  O. 

Atomic  volume  of  €2 =  22 

"  "         H4 =  22 

"  "  O  (within  the  radical) =  12-2 

"  "         a  (without  the  radical) =    78 

"  «         acetic  acid =  C4  0 
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Anhydrous  acetic  acid,  C^He©,  =  ^'{J^Qi^. 

Atomic  volume  oi  Q^ s=  44 

"  "  1I« =  oG 

"  "  O,  (within  the  radical) =  U44 

"  "  O  (^without  the  radical; a      '•> 

"  "  anhydrous  acetic  acid =  lu*JJ 

Oxalate  of  methyl,  CJIjO*  =  fp^\  JO,. 

Atomic  volume  of  O4 =  44 

**  **  lis =  o3 

"  "  Oj  (within  the  radical ) =  l*44 

"  "  Oj  (without  the  radical) =  i:>0 

"  "  oxalate  of  methyl =  117-0 

Liquuh  coiitaiiumj  Sulphur.  —  Sulphur  enters  into  combination  io  nri.a 
ways;  sometimes  taking  the  place  of  oxyjreu  in  the  type  IIH  .  O  (as  in  iLvTCip- 
tan);  somctimcsj  takinir  the  place  of  carbon  within  a  radical  (a^  in  anb}JrjM 
sulphurous  acid)  ^>.  O,  compared  with  anhydrous  carbonic  acid,  CO.O;  kim^ 
times  replacin«;  osy<:on  within  a  radical  (as  in  sulphide  of  carbon),  4i^.^.  ft<z- 
pared  with  anhydrous  carbonic  acid.  In  the  ilr>t  and  second  cases,  the  zijVC 
volume  of  sulphur-compounds  may  be  calculated  by  attribuiiui:  to  iulpbur  i^  = 
32),  the  atomic  volume  22  G,  those  of  the  other  elements  romaiuinir  as  iK-ve:  ifl 
the  third  case,  the  atomic  volume  of  sulphur  appears  to  be  greater  ;\ii.,  2S^3. 

Examples.— J/ercCT/>^aw,€in»S  =  ^']^'-iSi. 

Atomic  volume  of  ^2 =  22 

"  "  II, =3:J 

"  "         S  ....  =  220 

"  "  mercaptan ^  TTtJ 

Su7j>hidc  o/carhon,  QS,=  QSS. 

Atomic  volume  of  Q =  11 

"  "  ^  (within  the  radical) =  '2S'ii 

«  "  g  (without  the  radical) =  22*6 

"  "  sulphide  of  carbon =  02  2 

Table  D. 
Atomic  Volume*  of  Liquid  Sulphur-ecmpoundt. 


Substance. 


Mercnptan 

Amjiic  mercnptnn 

Sulphide  of  metlij-I 

S^ulpbide  of  ethyl ^ 

Bisulphide  of  methyl 

Sulphurous  acid 

Sulphite  of  ethyl 

Risulphide  of  carbon 


Formula. 


AtciDiic  VoluniF  ml  tLr  Sudin:  1^^^ 


Atonic   

Weiubt. , 


f»2 
104 
G2 
90 
94 
C4 
138 
76 


77*6 
14:1-6 

77-6 
121  6 
1002 

426 
1494 

C2-2 


'»t<vrTviL 


.1 


7t;o...  TGlat 
14t»l...l40o-* 

12l>5...lLM-3- 
l(ii»G...lOO;" 

148  8...14>5- 
f.2-2...  624- 


41 

n 

m 

u 
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irltlrt,  Bromiiht,  ami  Itididct.  —  In  liquid  conipouods  of  tliis  clii^.  tlie 
volume  of  CI  ia  supposed  to  be  22-8,  that  of  13i  =  27 -8,  and  that  of  I  =  37-5, 
it  the  other  elements  remaining  as  above. 


Table  C. 
Alomie  Volumti  of  Liquid  Chloridtt,  Sromidti,  and  lodida. 


irirmtcd  p(hy1«ne, ... 

;Je  or  c.irbnD 

ills  nr  elhjlene 

~,  moiiachlonnntcJ 

-,  liiclilnrinnlcd 

— ,  lerclilorlnnleil  ... 

iile  of  hulyleTie 

ihloriDnted      chloii 

yi 

tlaof  elhjt 

-.  moimcliloriinilc  J . 

-,  biclilarinated 

ileorninjl 

il 

ileof  ncctj'l 

ds  of  lifuiuyl 

de  uf  Difilnl 

lie  of  elhyl! 

Je  of  nnijl 

de  of  etb}'lei>e 

of  mclLivl 

of  Etliyl 

of  Kinyl 

le  of  aiilpliur 

J*  of  phosphornB... 
le  of  ]i)iniipliaru9... 

je  of  silicon .'.".""!!, 
J(  of  arsenic 

Ic  of  Milimony 

Je  of  lin 

la  of  titauium 


c,irj^, 

G,H,C1, 


aii,i;t 

Hr, 


*:,'!)' Br 

en,i 

Pill,! 

e,i(„i 


79-9 at 

116* '■ 

8-3-8...  80-4" 
103-4...10T-3  " 
]iO-7...I2]-4" 

14a  " 

120-G...1M3-7" 

C46 " 

84-8...  8S-7" 
1O4-3...107-O" 
712...  74-6" 


compounds  VG\„  SiOl^,,  and  AsClj,  have  nearly  equal  atomic  Tolnmcs, 
it  uiay  be  inferred  that  phiwphorus,  Bilicon,  nnd  orscoic,  in  their  liquid 
ads,  have  c(|ua]  ototiiic  volumes.  The  samo  conclusion  may  be  draira 
ig  tin  and  titaninum,  since  the  atomic  volumes  of  SnCli  and  TiCI]  aie 

fgtn-eompovuih. — In  conipounda  belonging  U>  the  ammonia  type,  the 
Tolame  of  nitrogen  is  2'S.  This  result  is  deduced  from  the  obaervcd 
rolurac  of  aniline,  G,I[,N,  which  is  lWy%.  Now  the  atomic  volnme  of 
711  =  6.11  +  7.55  =  1045,  which  number,  deducted  from  106-8 
!-3  for  the  atomic  volume  of  nitrKcn. 
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The  atomic  Tolume  of  cyanojrcn  ilcduccd  from  tlic  obscrrcil  at.  v. I.  of  cvicllc 
of  phcDjl,  GN .  C,li„  or  e,II,N,  U  nearly  2S.     Thus  — 
Atomic  volume  of  e.IIjN  =  121fi 
"  "  G,H.     =    ll3i 

«  "  CN      =    2S1 

A  Bimilnr  calculation,  founded  on  the  obecrred  atomio  volntn?  of  rnaiJt  cf 
methyl,  4^H,N,  gives,  for  the  at  vol.  of  cyaQogon,  ttie  nuoilicr  '!&>.  I'iic  sivuic 
volume  of  liquid  c^aopen  determined  dircedy  at  37°  or  o'.'''  C-  ahovt;  iia  l.^ilD5 
point,  is  between  28T)  and  30'0.  As  a  wean  of  tliese  values,  the  atuiuic  v-Iueio  .f 
cyanc^eu  may  be  assumed  to  be  2^ ;  and  irith  this  value  the  aiKiuic  vviiuuoi  if 
the  liquid  eyanidca  arc  calculated.     Thu^,  for 


Oil  of  mustard  (sulpho'cj-anidc  of  aUyl),  CUjXS 


S  (without  the  radical)... 


-^^"   -.2 
■  G.II,.'^- 

-  60-5 

-  2S-0 

-  2i-e 

"  "  oil  of  mustard =i  1111 

The  atomic  volumes  of  compounds  containing  the  radii-al  XOti  arc  calciibt.>l 
on  the  hypothesis  that  the  at.  vol.  of  that  radical  i-i  33,  which  asnrcs  cnHy  «ii!i 
the  observed  atomic  volume  of  liquid  pcroiidu  of  nitrozeu.  Thu> ; — [he  U.  Vi<L 
of  nitrate  of  nmyl,  C,Hi,NOi  =  at  vol.  ofG,II„  +at.  iol.  of  NO,  =  115-5  J- S3 
=  148-5. 

Atomic  Vdunu  n/  TJqtiidt  eontaitdnj  Xilr^jra. 


BaUfoct. 

rsnnutL 

At™l. 

lloDtc  Voluiu  at  IHt  IMUnc  nML 

Ammonia 

ti,ii,,\ 

§S 

e.v 

CIIN 
C,H,S 

G.ri.N 
e,ii,N 

G,ff,NS 

eiir,S8 

m 

1" 
45 
73 

P7 

r20 

P3 
107 
121 
140 

20 
27 

41 

63 
103 
73 
87 
99 
71 

SO 
77 
101 
123 
01 

62-8 
10B8 
128  8 
lW-8 
lOfi-8 
128-8 
1608 
1948 

28-0 
83-5 
65-5 
77-6 
121-4 
1215 
781 
1001 
1111 
8i>-3 

380 
68-3 
90-3 
12C-5 
60-6 
82-a 

UuljUmine 

Amjlntnino - 

12-3* _  ■'  «    1 

Aniline 

106-1 .  IW  3 "  IH 

Ellianiline 

150^ _  -SH 

190-3  » -sii: 

28-9  .    300 "  m 

CyanidBofmethjI 

643 «  :t 

Cynniilo  of  plicnrt 

8ulphycj«nide  of  methyl 

Snlpbocynnide  of  ethyl... 

121-G.  121-9.....  -  m. 
73-2  .    782...-  •■   M 
oai _ "  1« 

PerniiJc  of  nitrogen 

Kitrateofmetliyl, 

Nitrate  of  elhjl „ 

Nitrobeniol..„ 

Kitriio  of  methyl. „ 

Bl-7-    S2-4 -  K:. 

694 -  H 

000.    901 "  K   ! 

122-6.  lut-g -IV 

cie._ -  1*1 

J  About  36°  aboT«  the  boiliog  poiaL 


{27"  abon  Ika  hinBHS*'- 
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From  iho  prcccdlne  □bscrrations  and  calcuktians,  it  appears  that  tLe  ntouiic 
Tcilmnc  of  a  eompound  depends,  not  merely  on  its  ciiipiricol,  but  liKiwise  on  its 
rational  formula;  in  other  words,  not  merely  on  tlic  nuujbcr  of  utoiiis  of  its 
clcmcutR,  but  further  on  the  tnanucr  in  which  tbosc  atoms  ore  arran^jcil.  Xow  it 
has  bccu  shown  (p.  COS)  that  a  compound  maj  haTc  more  than  one  rational 
formula,  according  to  the  manner  in  wnicU  it  deconiposca ;  and  heiioc  it  ini);l)t 
mppcar  that  the  calculation  of  atomic  volumes  must  be  attended  with  oiinKidenible 
uncertainty,  inasmneli  as  the  atomic  vulumcB  of  eertoin  elements,  ns  oxygen  and 
sulphur,  vary  according  to  the  manner  in  which  tlicy  enter  into  the  compound. 


Aldehyde,  for  example,  may  be  represented  cither  oa 


11  I 


-J'JC 


SB  the  atomic  volume  of  oxygen  is  Vl-'2  or  7'^,  according  as  it  is  witliin  or  with- 
out the  radical,  the  atomic  volume  of  aldehyde  will  be  56'-  if  deduced  from  the 
type  HU,  and  518  if  deduced  from  the  type  HH.O.  But  the  atomic  weight  of 
aldehyde,  and  its  specific  gravity  at  a  pivcn  temperature  are  invariable;  it  cannot, 
therefore,  have  two  different  atomic  volumes.  It  must  b (remembered,  however, 
that,  Iq  speaking  of  a  compound  as  having  several  rational  fomiulic,  we  consider 
it  rather  in  a  dynamical  than  in  a  Etntical  ^oint  of  view ;  as  uodcr  the  ioflucnco 
of  disturbing  forces,  and  on  the  point  of  undei^ing  chemical  cliangc.  But  if, 
on  the  other  hand,  we  regard  a  eompound  in  ila  fixed  statical  conditiun,  ag  a  body 
poGscssin;;  definite  physical  properties,  a  certain  specific  gravity,  a  certain  boiling 
point,  rate  of  expansion,  refractive  power,  &c.,  we  can  scarcely  avoid  attributing 
to  it  a  fixed  molecular  arningcmetit,  or,  at  all  events,  supposing  that  the  disposi- 
tion of  its  atoms  is  confined  within  those  limits  which  constitute  chemical  types. 
It  is  found,  indeed,  that  isomeric  liquids  exhibit  equal  atomic  volumes  only  when 
they  belong  to  the  same  chemical  type.  If  this  view  be  correct,  the  relatioa 
between  the  atomic  volumes  of  elements  and  compounds,  may  often  render  valuable 
service  in  determining  the  rational  formula  which  belongs  to  a  compound  in  the 
Btato  of  rest.  Thus,  of  the  two  atomic  volumes  just  calculated  for  aldehyde,  tho 
number  5(i'2,  deduced  from  tho  formula,  OjHjO.H,  agrees  with  the  observed 
atomic  volume  of  aldehyde,  which  is  between  50'0  and  56'0,  better  than  51*8, 


aldehydes  belong  to  the  hydrogen-typo  (p.  718),  rather  than  to  tho  water-type. 

There  are  many  groups  of  liquid  compounds,  irrespective  of  isomonsm  or 
nmilarity  of  type,  tho  members  of  wbicli  have  equal  or  nearly  equal  atomic 
Tolnmes.  The  following  table  exhibits  the  calculated  atomic  volumes  of  severat 
of  these  groups : — 

Aleaie  Volutnt  of  Liqaiit. 


Bromine - 

CjnnogcD  

Aldchjdo._ 

Cyanide  of  mot  h;1..... 
Broniide  of  methyl  ... 

Alcohol 

Acetic  laid ». 

FortniatB  of  methyl ... 
Cjinate  of  methyl  ... 

EtbyUmine 

Salphide  of  corbon  ... 
Iodide  of  methyl 

Acetnne 

Cyeniilo  qr  eth.vl 

Sulpbocymiiile  of  niolhyl 
SulptiidP  nf  mcihyl  . 


Br 


GH,I 
ftri,S 


18-Bi  EthtT 

la-S!  IhKyllc  alcohol 

!  I'hcnylic  alcohol 

.V.-Gi  BulylnmiDe 

IJU'Cl'  Anitine 

5C-2;  Batpdeocid 

OS-0','  Acetate  of  ethyl 

5o'3j  Aiihydrons  •cecic  acid  . 

Chloral  - 

G2-S    Bichlorinated  chloride  of 

fi4-Dj      ethyl  

4140'  Monochlori Dated     chle- 

63-3]      ride  of  elhylena  

U^'B]  Bromide  of  phosphorus. 

G^<iji  Vaienldehyde 

I  Cyanide  of  butyl 

78-2  Hitter  almoed oil..,. 
77-6  Cyanide  of  phenyl  .. 
Ifril  Sulphide  of  ethyl  ... 


e.n„y. 


e,H,© 
e,ii,N 


106-8 
lOG-8 

ioe-0 


121-5 
,  122-2 
121-5 
121-6 
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Tli«»!?e  jrroups  cxliibit  an  approach  to  the  uiiiforiul tj  of  atuiuic  voluoie  wiuiL  1« 
observed  in  the  gaseous  state. 

Berthelot  has  adduced  a  number  of  examples,  showiDg  that  whon  a  liquid  l.d- 
pound  is  formed  by  the  union  of  two  other  liquids,  whose  spccitio  vi^luoj-.'?  ire 
denoted  by  A  and  B,  with  elimination  of  x  atoms  of  water,  the  spc^.-:3o  v:!u:;3 
of  the  compound  is  nearly  =  A  +  B  —  jtC  (the  atomic  volume  of  water  Ms* 
denoted  by  C).  Berthelot's  observations,  however,  were  uiudc  at  mediuai  tespt- 
ratures,  not  at  the  boiling  points  of  the  liquids. 

Atomic  Volume  of  Soluh, — The  principal  result}  obtained  by  K'»7-^.  w!tb  re- 
ference to  the  atomic  volume  of  solid  bodies,  are  given  in  pp.  172-1 T'-.*  Tiii 
di£Bculty  of  reducing  the  resuUs  to  general  laws  is  similar  to  that  which  hi-^  lr:« 
noticed  in  the  case  of  li(iuids,  but  exists  to  a  still  greater  extent.  inrisiMi.li  i?  ur 
knowledge  of  the  expansion  of  solids  by  heat  is  much  more  Huiitcii  ihan  ilu:  .f 
liquids.  It  is  probable  thut  the  atomic  volumes  of' solids  sliould  l>o  c>in.]i.::- 1  :'. 
their  melting  points;  since  it  is  only  at  those  temperatures  that  ilie  iff^.ts  if  hut 
upon  different  sohds  can  be  said  to  bo  equal.  Now  the  spocilic  g^:lTi:i^.•^  it  ti*; 
solids  are  determined  only  at  medium  temperatures,  from  which  the  i:kV  n: 
points  of  diiferont  solids  are  separated  by  intervals  of  very  diffort^nt  majnituif ; 
moreover,  there  are  but  few  solitls  whose  rate  of  expansion  at  diiforom  t'*::iT<n- 
tures  has  been  ascertained  with  sufficient  accuracy  to  render  it  ]>f'<.'Il'li!  t  ■  (i!  .li:j 
the  specific  gravities  at  the  melting  points.  A  further  coniplieatii.'ri  .i :;«•■-  ir  a 
the  different  densities  which  the  same  solid  often  exhibits,  aL-cunlini:  r>  it  i* 
amorphous  or  crystalline,  or  according  to  the  particular  form  iu  wLilL  i; 
crystallizes. 


RELATIONS  BETWEEN  CHEMICAL  COMPOSITION 

AND  BOILINQ,  POINT.f 

In  compounds  of  similar  constitution,  and  especially  among  the  mc'rii}-:r?  cf 
homologous  series  (p.  099),  difFerence  of  boiling  point  is  frequently  j-r  ;•.::;■.  ul 
to  difference  of  composition. 

1.  In  the  alcohols,  Q-J^z^i^f  the  fatty  acids,  CJI^^O,.  and  the  c-Tur-aai 
ethers  (p.  705)  isomeric  with  the  fatty  acids,  a  difference  of  i^llt  in  tLe  Lnuiu 
corresponds  to  a  difference  of  19°  C.  in  the  boiling  point. 

2.  The  boiling  point  of  a  fatty  acid,  ^i.Hj^O,,  is  higher  by  40'  C.  than  ihii 
of  the  corresponding  alcohol,  ^alfij+aO. 

3.  The  boiling  point  of  a  compound  ether,  QJJga^i,  is  lower  by  ^'2^C.  tau 
that  of  the  isomeric  acid. 

Starting  from  the  observed  boiling  point  of  common  alcohol,  7S°  C.  wJ  <^' 
culating  by  these  rules  the  boiling  points  of  the  other  aloohuls  and  of  the  f»"y 
acids  and  ethers,  we  obtain  the  numbers  in  the  third  column  of  the  fjll -V'Se 
table,  which  do  not  differ  from  the  observed  boiling  points  in  the  fourth  cAvb^ 
more  than  these  latter,  as  determined  by  different  observers,  differ  fa-a  oat 
another. 

*  The  numbers  there  gtven  refer  to  the  oxygen-scale  of  atomic  weights.    (0  =  l^i 
t  H.  Kopp.  Ann.  Ch.  X'harm.  zcii.  2,  880. 
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Foimnli. 

boUlaEpolDL 

ObBcrion. 

CJtUlBtrf. 

Obtanta. 

Aleahoit. 

GH,Q 

G,n,„e 
e„itt,o 

G,iJ,e, 

C-.1I,0, 

G,H,A 
t-,UuO, 

G,H,n, 
e,II,G, 

G,If.G, 
G,II.O. 

G.ll„0, 

e,n„o, 

G,TI,.0, 

G,ir,A 
G«Tr.,o, 

60» 

lit; 

135 
3U 

09 
US 
137 

130 
175 
101 

2.13 

3a 

S3 
u3 
71 

03 

11:: 
112 
112 
112 
131 

131 
188 

{ 

{ 
{ 
{ 

{ 
{ 

{ 
. 

{ 
{ 

74-1  mm. 

755  ■' 

751  '■ 

752  •■ 
T      " 
I       " 

742     ■' 
7C0    " 
TOO     " 
I       " 

753  " 
7ti4    " 
750     " 

754  ■' 

T54-C  " 
J       " 

733     " 
761     " 
7112     '■ 

740  5  ■' 

t       " 

741  " 

753  " 
7C2     •■ 
757     ■' 
7U1     '■ 

7sr,    '■ 

754  ■' 

740     ■■ 
7(ifl     " 
744    " 

742  ■■ 
744     " 

7511     " 

756  " 
747    " 

735     " 
764     " 
7G0    " 
740     ■■ 
746     ■' 
780    ■• 

Kane. 

Dclffs. 
II.  Kopp. 
ILKopp. 

ChancoL 
WurH. 
II.  Kopp. 
Cnhnun. 
UelffM. 
FnTro  and 

Licbig. 
H.  Kopp. 
II.  Kopp. 
DcllVs. 
II.  Kopp. 
Limpricht  & 

T.  UBiar. 
H.  Kopp. 

I.  I'icrre. 

II.  Kopp. 
li™«tr  and 

Ii0!>l0(]l. 

Felling. 
CaLoun. 

II.  Kopp. 

A  rill  row  9. 
Amlreirs. 
11    Kopp. 
1.  I'ltrro. 

I.  I'icrrc. 

II.  Kopp. 
H.  Kopp.. 

I.  I'ierro. 

II.  Kopp. 

I.  I'ievro. 
Bert  li  Plot. 

II.  Kopp. 
11.  Kopp. 
11.  Kopp. 

I.  l-lcire. 
DellTs. 

II.  Kopp. 
Wurti. 
Uelffa. 
H.  Kopp. 
Ucllfs. 

n.  Kopp. 

11.  Kopp. 
H.  Kopp. 

O-l'O ' 

pjliokohol 

flio  olroliol _ 

130-1 ' 

132     ■ 

Aeiili. 

!»8  5 ' 

10.3-1  ' 

11«  0 „    ' 

tic  acid  

)ianii:  Dcid  _ 

141G ' 

■rianio  nci.J ... 

■ 

K-.p.HnJ  Hlh,rn. 
linrtufnuUijI... 

^CO      * 

C-2-7  ' 

atcytmcllijl 

5:-7 ' 

liiltCLftllljl 

filcipf  cthvl 

ra!;:  lif  muthjl  ... 

741  ' 

US      ' 

(l.-.-l  ' 

M*  of  prni\vl 

iciniitp  iii  fllijl ... 
ritif  of  mclbjl  ... 
ratcufetlijl 

W)      (nboutj 
85-8  ...  98 
114     .  115      ■ 
114-C ■ 

nil    ' 

liate  firamjl  

Me  of  butj'I  

lie     (about) 
114 

rale  t.f  ctlij! 

13:J-2  ' 

Hoofnin)'! 

mteofHmvl 

187-8.  188-3 

ppcars  from  this  table  that  i.iomeric  compound  ethers  have  equal  boiling 
;  e.  (f.,  fonniate  of  ethjl  and  acetate  of  mcthjl  boil  at  55";  valerate  of 
1,  bntjTBte  of  ethyl,  fonniate  of  amyl,  and  acctato  of  butyl,  boil  at  112°. 
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It  follows,  also,  from  the  preceding  laws,  that  the  boilin;:  p-'/mt  of  in  -.M, 
^ Jlj^Oi,  is  Go**  higher  than  that  of  its  nicthjlic  ether,  44**  lii-hcr  thau  th  /  .  f 
its  ethylic  ether,  and  13°  lower  than  that  of  its  amy  lie  ether:  thu*.  \ul?:i.r.:; 
acid  boils  at  175° ;  valerate  of  methyl  at  112° ;  valerate  of  ethyl  at  lol* ;  v  :-': 

of  amyl  at  188°.     Common  ether,  (e^Hj);©,  is  the  ethyl-salt  of  alcuhul,  ^'y\  ^. 

regarded  as  an  acid;  that  is  to  say,  it  bears  the  same  relation  to  alf.-^  !  \\.z\ 
acetate  of  ethyl  bears  to  acclic  acid  :  hence  its  boiling  point  should  bo  T'*^-U^ 
=34°.  The  actual  observations  of  the  boiling  point  of  ether  van*  fr.sL  J4  :> 
35-7°. 

In  the  same  series  of  homologous  compounds,  it  is  found  that  iho  ac'ii:::^  J 
nQ  raises  the  boiling  point  by  n  .  29° ;  and  the  addition  of  nil  lowers  tii-!  IvjI.ir: 

point  by  7i.5°  [consequently,  the  addition  of  wGH,  raises  it  by  w  .  r-'J '1  x  J 

=  74.19°].  The  same  law  is  likewise  observed  in  other  scries  of  eVir.p..u!!i>  :: 
similar  character.  Thus,  bcnzoate  of  ethyl,  GsIIioO^,  boils  at  SC'*.^'.  which  b 
higher  by  4x29,  or  IIG,  than  the  boiling  point  of  the  ethers,  ^^1^0^.— baljriU 
of  methyl  for  example.  The  boiling  point  of  angelic  acid.  ^JlgO^.  i*  Iz-ih-'r  It 
29°  than  that  of  butyric  acid,  Q^IIb^i',  and  2x^5,  or  lij°,  higher  tlian  ihst  <i 
valerianic  acid,  ^jHioO^.  The  boiling  point  of  phenylic  alcohof.  4^JIs4J.  i-  Lijbcr 
by  about  4x29,  or  110°,  than  that  of  common  alcohol,  d^jH^O;  and  aU«ut  *vii. 
or  40°,  higher  than  that  of  capruic  alcohol,  GsHuO. 

Constant  relations  of  composition  and  boiling  point  are  observed  a]*.*  in  i-tb^r 
series  of  homologous  compounds;  but  the  difference  of  boiling  p^ant  o-.rr:<p-i:J- 
ing  with  a  difference  of  OH^,  is  not  always  19°.  In  the  series  of  hvi!r.;ar^:.«: 
—benzol,  €cHe  (B.P.  80°),  toluol,  (^Ih,  xylol,  GJT,^  cumol,  GJI,,.  cyin  .1.  ^  M  „ 
the  difference  is  24°;  in  the  homologous  compounds:  —  broniidi-'uf  •:!:«;.!  »•?. 
i^gU^Br,f  bromide  of  propylene,  OsIIeBri,  bromide  of  butylene.  GJf.IJr.  it  i*  I-^', 
their  boiling  points  being  130°,  145°,  and  160°,  respectively.  In  thi*  ><r!«*  vl 
alcohol-radicals  (in  the  free  state),  the  difference  is  about  23° ;  in  th..-  au}-'lr'3£ 
acids,  homologous  with  anhydrous  acetic  acid,  it  is  about  13°. 

These  differences  of  boiling  point  would  probably  be  the  same  in  all  s^.Tii>  -.■: 
homologous  compounds,  if  the  boiling  points  were  dotermimd  at  ijid^cnn: 
pressures.  It  is  not,  indeed,  to  be  expected  that  two  substances  should  (xLi:i: 
the  same  difference  of  boiling  point  under  all  pressures;  for  if  I>  ai.d  IVu'i.*:? 
the  boiling  points  of  two  liquids  at  the  ordinar}*  atmospheric  prt^sur^.  b  &La  f. 
the  boiling  points  of  the  same  liquids  at  another  presruurc ;  and  il'  wo  .<uiNsc 
that' 

B  —  B'  =  b  —  b', 

it  will  follow  that 

B  — b  =  B'  — b'; 

that  is  to  say,  the  boiling  points  of  the  two  liquids  would  vary  equally  for  C4UI 
differences  of  pressure,  which  is  contrary  to  obser>'atioD. 


CHEMICAL   AFFINITY. 

Influfnce  of  mass  on  chemxal  action,  — That  the  relative  degrees  of  »ffiniiTrf 
a  body  for  a  number  of  others  to  which  it  is  simultaneously  presented,  ore  ^-J 
modified  by  their  relative  masses,  was  first  pointed  out  by  BorthoUet.  The  1^' 
laid  down  by  that  philosopher  respecting  the  action  of  masses,  is  this :  —  A  ^*f 
to  which  two  different  iuhstances,  capable  of  uniting  with  it  chemically,  an^'^ 
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gen  fed  in  diff^'rent  proportions,  divides  itself  heticeen  tlicm  in  the  rath  of  the  pro* 
ducts  of  their  massesj  and  th^  absolute  strength*  of  their  affinities  for  the  firsX 
hody.  Thus,  if  we  denote  by  A  and  B  the  masses  of  the  two  bodies  which  are 
present  in  excess,  by  a  and  3,  the  coefficients  of  their  absolute  affinities  for  the 
body  G;  and  by  a  and  />,  the  quantities  of  A  and  By  which  actually  combine  with 
Cj  the  law  just  stated  will  be  expressed  by  the  proportion :  — 


a 


J  =  a^l  :  ^B. 


If  this  view  be  correct,  any  alteration,  however  small,  in  the  relative  quantities 
of  A  and  B^  must  produce  a  corrcspondinjij  alteration  in  the  relative  quantities 
of  the  two  which  unite  with  (7.  That  this  is  not  the  case  under  all  circum- 
stances, is  shown  by  the  followiui;  experiments  of  Bunsen  and  of  Debus. 

Bunsen's  experiments,'*'  whicli  were  made  in  such  a  manner  that  all  the  pheno- 
mena of  combination  concerned  in  them  took  place  simultaneously,  lead  to  the 
following  remarkable  laws  : — 

1.  When  two  or  more  bodies,  BH  ...  are  presented  in  excess  to  the  body  A^ 
under  circumstances  favourable  to  their  combination  with  it,  the  body  A  always 
selects  of  the  bodies  BB  .  .  .  quantities  which  stand  to  one  another  in  a  simple 
atomic  relation,  so  that  for  1,  2,  3  .  .  .  atoms  of  the  one  compound,  there  arc 
always  formed  1,  2,  3  .  .  .  atoms  of  the  other;  and  if  in  this  manner  there  is 
formed  an  atom  of  the  compound  ^Z?'  in  conjunction  with  an  atom  of  AB^  the 
mass  of  the  body  B  may  be  increased  relatively  to  that  of  Bj  up  to  a  certain 
limit,  without  producinij;  any  alteration  in  the  atomic  proportion. 

When  carbonic  oxide  and  hydro^'cu  are  exploded  with  a  quantity  of  oxygen 
not  sufficient  to  burn  them  completely,  the  oxygen  divides  itself  between  the  two 
gases  in  such  a  manner  that  the  quantities  of  carbonic  acid  and  water  produced 
stand  to  one  another  in  a  simple  atomic  proportion.  The  results  of  Bunsen's  ex- 
periments are  given  in  the  following  table,  the  numbers  in  which  denote 
Tolumes :  — 


GompOKltlon  of  Gnffcoun 

Mixture. 

Quantities  of  CO  and  II  consumed 
by  Detonation. 

Ratio  of 
CO:iI. 

72  57  CO 18-29  II 

69  93   •*    26  71   '• 

36-70  *•    4217  " 

40  12   "    471o  '* 

9-14  0 

13-30  ♦' 

2M3  '• 

12-73  ♦* 

1218  CO  6-10  II 

2  :  1 

13-06    **    13-G6  ** 

1  :  1 

10-79    **    81-47  ♦* 

1  :3 
1:4 

4-97    •»    20-49  " 

The  results  were  the  same  whether  the  explosion  took  place  in  the  dark,  in 
diffused  daylight,  or  in  sunshine ;  and  were  not  affected  by  the  pressure  to  which 
the  jraseous  mixture  was  subjected. 

The  proportions  of  hydrop:cn  and  carbonic  acid  consumed  in  these  several  ex- 
periments, correspond  with  the  composition  of  five  hydrates  of  carbonic  acid,  con- 
taining, respectively  — 

H0.2C0,;  HO.CO,;  2H0.C0,;  SIIO.CO,;  4H0C0,; 

but  Wv^  results  cannot  be  attributed  to  the  actual  formation  of  these  hydrates,  in- 
asmuch as  hydrates  of  acids  containing  several  atoms  of  water  are  incapable  of 
exi8tin<r  at  high  temperatures. 

2.  When  a  body,  A,  exerts  a  rcducinj^  action  on  a  compound,  J?(7,  present  in 
excess,  so  that  A  and  B  combine  together,  and  Cis  set  free;  then,  if  Ccan,  in 
its  tnm,  exert  a  reducing  action  on  the  newly-formed  compound,  AB^  the  final 
result  of  the  action  is,  that  the  reduced  portion  of  ^(7  is  to  the  unreduced  portion 
in  a  simple  atomic  proportion. 

In  this  case,  also,  the  mass  of  the  one  constituent  may,  without  altering  the 

*  Ann.  Ch.  Pharm.  Ixxxr.  187. 
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cxistiir'  atomic  relation,  be  increased  to  a  certain  liniit,  abj»vo  wlii.li  tua:  ro!^tin 
undep'ocs*  changes  by  definite  steps,  but  always  in  the  pDportiua  cf  .«;a.:l^ 
rational  numbers. 

When  vapour  of  water  is  passed  over  red-hot  charcoal,  the  carbcn  i>oxv3i?«'i 
and  hydrogen  is  separated ;  but  the  process  does  not  go  on  so  far  as  the  dw-U-ie 
formation  of  carbonic  acid,  but  stops  at  the  point  at  which  1  vol.  carK-nic  vrld 
and  li  vol.  carbonic  oxide  arc  formed  to  every  4  vol.  of  hydroiron. 

In  the  imperfect  combustion  of  cyanogen — the  gaseous  mixture  Icin:;  ^'  fsr 
diluted  that  it  will  but  just  explode,  in  order  that  tlie  tompcniture  niaj  lkK  tm 
too  hiirh,  and  the  result  be  consequently  vitiated  by  the  partial  oxiJatii.«n  uf  ire 
iiitro»''en — carbonic  acid  and  carbonic  oxido  are  formed,  and  nitrogen  .«i'T  lV;e.  like- 
wise in  simple  atomic  proportion.  A  mixture  of  1805  vol.  cyano;jta.  '>>T 
oxygen,  and  5308  nitrogen,  gave,  by  detonation,  2  vol.  carbonic  oxide,  unJ  4tii. 
carbonic  acid  to  3  vol.  nitrogen. 

In  the  combustion  of  a  mixture  of  carbonic  acid,  livdrocrt?n,  and  c-xTj^a.  ia 
which  the  carbonic  acid  is  exposed  at  the  wime  time  to  the  reJucin;;  3cu^•a  .f  iht 
hydrogen  and  the  oxidizing  action  of  the  oxygen,  the  reduced  portiun  uf  ih-^tir- 
bonic  acid  is  likewise  fuuiid  to  bear  to  the  unreduced  portion  a  ssimplf  at..ir.':f  k- 
lation.  In  the  combustion  of  a  mixture  of  >?-5-  carbonic  acid»  7*'  oo  l-jii-r-c-it. 
and  -1-15  oxygen,  the  resulting  carbonic  oxide  was  to  tin;  reduced  carb-^ai"  >.il 
in  the  ratio  of  o:2.  After  the  combustion  of  a  mixture  of  14 1  v-l  cirb-n.c 
oxide,  2  90  carbonic  acid,  ()>^o7  hydrogen,  and  24-<;[t;  oxyg»-n,  the  vt-iur.:^  if  tb 
carbonic  oxide  converted  into  carbonic  acid  by  oxidation,  wa"*  to  that  :i  rL»»  r.* 
sidual  carbonic  oxide  as  1 :3. 

That  these  remarkable  laws  had  not  been  previiuisly  obsfrved  i<  attriSutti  fci 
Bunsen  to  the  fact  tliat  they  held  gi.v)d  only  when  tlie  plKnoniena  of  e'^iuMsit:  o. 
which  are  regulated  by  them,  take  place  simultaneously;  for.  even  if  a  b  J;  .1. 
were  originally  to  select  fur  combination  from  the  bodies  Ji  and  C'.  qaant.tia 
bearing  to  one  another  a  simple  atomic  relation,  but  the  eoiubiiiatinn  i>f  -4  ijiB 
were  to  take  place  in  a  shorter  time  than  that  vf  A  and  (\  h  WfuM  f-Ilw-f 
necessity,  that  during  the  whole  of  the  pruce.«,  the  nitio  of  />  tn  (\  aud  tL-'nlLW, 
also  the  atomic  relations  of  the  associated  compounds,  would  oJianL'e,  s-)  thai  i:c 
observed  proportion  would  be  no  longer  dofiuito.  The  same  rosuh  n.u^t  I'ii'Jiii 
the  bodies  which  arc  combining  side  by  eide  are  not  liom<»gonoousIy  mixoi  ia  lie 
bc'ijinninK. 

With  rejrard  to  the  bearinj;  of  these  results  on  Berthollot's  law,  it  ii:i.*ht  m 
objected  that,  in  some  of  the  experiments,  as  in  the  combustion  of  a  mixr^irf  C'f 
carbonic  oxide,  hydrogen,  and  oxygen,  one  of  the  pruduets,  viz.  the  wal»T.  L-w-* 
moved  from  the  sphere  of  action  by  condeusatiun,  and  that  the  cin:um*tiLc<-aM 
therefore  similar  to  the  removal  of  an  insoluble  pn.»duct  by  precipitation  fp.  ISfV^ 
It  is  scarcely  conceivable,  however,  that  a  revenue  aetion  wuuld  i;:ke  j-hc:,  rra 
if  the  gaseous  mixture  were  to  remain  at  the  temperature  which  oxi.'^t^  <!ur;SL'i^' 
combustion.  Moreover,  in  tJic  decomposition  of  vapour  of  water  by  n-Jt^ 
charcoal,  the  whole  of  the  products  remain  in  the  gaseous  slate. 

Debus*  has  obtained  results  similar  to  those  of  I5unsen  by  jirfcipit:itin  •  ciitcrs 
of  lime  and  baryta-water  with  aqueous  carbonic  acid,  or  niixtuns  nf  cLl  rii-.*  t^ 
barium  and  chloride  of  calcium,  with  carbonate  of  soda.  A  small  (juar.ti'T  «^> 
very  dilute  solution  of  carbonate  of  soda,  added  to  a  Ii«juid  containin.:  -^  }•:«  *' 
chloride  of  barium  to  1  pt.  of  chloride  of  calcium,  threw  down  nearly  pa^.•  .**:• 
bonate  of  lime;  but  when  the  proportion  of  the  chluride  of  barium  in  th^  tiiias 
was  5*7  times  as  great  as  that  of  the  chloride  of  calcium,  2  3  pts.  of  tie  l.rKt 
were  decomposed  to  1  pt.  of  the  latter.  Hence  it  appears  that,  in  this  nart'i* 
also,  limits  exist  at  which  the  ratio  of  the  affinities  undergoes  a  sudden  chaspr 
In  these  experiments,  however,  the  products  arc  immediately  remorcd  t'rxo  :•< 

*  Add.  Ck.  Pharm.  Ixxxr.  103;  IxxxtI.  loG;  IxxxtU.  23S. 


CHEMICAL    AFFINITY.  733 

spliere  of  action,  and  the  results  are  therefore  not  comparable  with  those  which 
are  obtained  when  all  the  substances  present  remain  mixed  and  free  to  act  upon 
each  other. 

The  latter  condition  is  most  completely  fulfilled  in  the  mutual  actions  of  liquid 
compounds,  such  as  solutions  of  salts,  when  all  the  possible  products  of  their 
mutual  actions  are  likewise  soluble ;  as,  for  example,  when  nitrate  of  soda  in  solu- 
tion is  mixed  with  sulphate  of  copper.  The  question  to  be  solved  in  such  cases 
is  this.  Suppose  two  salts  AE,  CI),  the  elements  of  which  can  form  only  soluble 
products  by  their  mutual  interchange,  to  be  mixed  together  in  solution.  Will 
these  elements,  according  to  their  relative  affinities,  either  remain  in  their  original 
state  of  combination,  as  AB  and  CD,  or  pass  completely  into  the  new  arrange- 
ment AD  and  CB  ? — or  will  each  of  the  two  acids  divide  itself  between  each  of 
the  two  bases,  producing  the  four  compounds  AB,  AD,  BC,  BD  ? — and,  if  so,  in 
what  manner  will  the  relative  quantities  of  these  four  compounds  be  affected  by 
the  original  quantities  of  the  two  salts  ?  Do  the  amounts  of  AD  and  CB,  pro- 
duced by  the  reaction,  increase  progressively  with  the  regular  increase  of  AB,  as 
required  by  Berthollct's  theory?  or  do  sudden  transitions  occur,  like  those 
observed  in  the  experiments  of  Bunsen  and  Debus  ? 

The  solution  of  this  question  is  attended  with  considerable  difficulty.  For 
when  two  salts  in  solution  are  mixed,  and  nothing  separates  out,  it  is  by  no  means 
easy  to  ascertain  what  changes  may  have  taken  place  in  the  liquid.  The  ordinary 
methods  of  ascertaining  the  composition  of  the  mixture,  such  as  concentration,  or 
precipitation  by  re-agents,  are  inadmissible,  because  any  such  treatment  imme- 
diately alters  the  mutual  relation  of  the  substances  present.  In  some  cases,  how- 
ever, the  mixture  of  two  salts  is  attended  with  a  decided  change  of  colour,  with- 
out any  separation  of  eithcT  of  the  constituents,  and  such  alterations  of  colour 
may  afford  indications  of  the  changes  which  take  place  in  the  arrangement  of  the 
molecules.  This  method  has  been  employed  by  Dr.  Gladstone,*  who  has  carefully 
examined  the  changes  of  colour  attending  the  mixture  of  a  great  variety  of  salts, 
and  applied  the  results  to  the  determination  of  the  effect  of  mass  in  influencing 
chemical  action. 

Dr.  Gladstone's  principal  experiments  were  made  with  the  blood-red  sulpho- 
cjanide  of  iron,  which  is  formed  on  adding  hydro-sulphocyanic  acid  or  any  soluble 
Bulphocyanide  to  a  solution  of  a  ferric  salt  (p.  377).  On  mixing  known  quanti- 
ties of  different  ferric  salts  with  known  quantities  of  different  sulphocyanides,  it 
was  found  that  the  iron  was  never  completely  converted  into  the  red  salt;  that  the 
amount  of  it  so  converted  depended  on  the  nature  both  of  the  acid  combined  with 
the  ferric  oxide,  and  of  the  base  combined  with  the  sulphocyanogen;  and  that  it 
mattered  not  how  the  bases  and  acids  had  been  combined  previous  to  their  mix- 
ture, so  long  as  the  same  quantities  were  brought  together  in  solution.  The  effect 
of  mass  was  tried  by  mixing  equivalent  proportions  of  ferric  salts  and  sulphocya- 
nides, and  then  adding  known  amounts  of  one  or  the  other  compound.  It  was 
found  that,  in  cither  case,  tlie  amount  of  the  red  salt  was  increased,  and  in  a  regu- 
lar progressiun  according  to  the  quantity  added.  When  sulphocyanidc  of  potas- 
aiuui  was  mixed  in  various  proportions  with  ferric  nitrate,  chloride,  or  sulphate, 
the  rate  of  variation  appeared  to  be  the  same,  but  with  hydrosulphocyanic  acid  it 
was  different.  The  deepest  colour  was  produced  when  ferric  nitrate  was  mixed 
with  sulphocyanidc  of  potassium ;  but  even  on  mixing  1  eq.  of  the  former  with 
8  eq.  of  the  latter,  only  01 94  eq.  of  the  red  sulphocyanidc  of  iron  was  formed; 
and  even  when  375  eq.  of  sulphocyanidc  of  potassium  had  been  added,  there  was 
still  a  recognizable  amount  of  ferric  nitrate  undecomposed.  The  results  of  a 
series  of  experiments  with  ferric  nitrate  and  sulphocyanide  of  potassium  arc  given 
ID  the  following  table  : — 


*  PhU.  Trans.  \Hoo,  179;  Chem.  Soc.  Qu.  Jo.  ix.  64. 
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ljzin<;  the  precipitate,  in  order  to  ascertain  the  quantities  of  the  original  salts 
ich  have  been  decomposed.     Malapiti  concludes  from  his  experiments  that,  in 

mutual  action  of  two  salts,  if  nothing  separates  from  the  liquid,  the  decompo- 
on  is  most  complete  when  the  strongest  acid  and  the  strongest  base  are  not 
rinally  united  in  the  same  salt,  and  that  two  experiments  of  this  kind,  made 
)pposite  ways,  must  lead  to  the  same  final  result ;  that,  for  example,  when  1 
of  acetate  of  baryta  is  added  to  1  eq.  of  nitrate  of  lead,  the  quantities  of 
•ate  of  baryta  and  nitrate  of  lead  ultimately  present  in  the  liquid  are  the  same 
i?hen  1  eq.  nitrate  of  baryta  is  mixed  with  1  eq.  acetate  of  lead.     The  greater 

quantity  of  the  two  salts  decomposed  in  the  one  case,  the  smaller  will  bo  the 
intity  decomposed  in  the  other;  so  that  if  the  quantity  of  any  salt,  out  of  100 
ts,  which  is  decomposed  by  the  action  of  another  salt  (always  supposing  that 

whole  remains  in  solution)  bo  called  the  voffficient  of  decfrnipositioiiy  the  law 
the  reaction  is,  that  the  sum  of  the  coefficients  of  decomposition  in  the  two 
es  is  always  equal  to  100.  For  example :  if  1  at.  sulphate  of  potash  and  1  at, 
tate  of  soda  act  upon  each  other,  and  ^^^  of  the  original  quantity  of  sulphate 
potash  remain  in  solution  as  such,  the  coefficient  of  decomposition  is  36.  The 
nerical  values  of  the  coefficients  of  decomposition,  determined  in  several  cases 
the  method  above  described,  are  given  in  the  following  table : — 


BoltJ. 

Acetate  of  potash. 
Nitrate  of  lead  .... 


I 


\ 


Chloride  of  potassium ...  i 
Sulphtitc  of  zinc \ 

Acetate  of  baryta 

Nitrate  of  lead 

Chloride  of  sodium  ) 

Sulphate  of  xino \ 

Acetate  of  baryta 

Nitrate  of  potash 

Acetnto  of  potash 

Nitrate  of  strontia 

Acetate  of  strontia ) 

Nitrate  of  lead \ 

Acetate  of  potash > 

Sulphate  of  soda \ 

Chloride  of  potassium...  i 
Manganous  sulphate \ 

Chloride  of  potassium...  ( 
Sulphate  of  magnesia ...  \ 

Chloride  of  sodium / 

Sulphate  of  maguesia...  \ 


Co«fflr!ont  of 
IX*compot<itiaii. 

920 

840 

770 

72  0 

720 

C7  0 

C5'5 

G2  0 

C8-0 

50-0 

64-5 


SolU. 

Acetate  of  lead 

Nitrate  of  potash  .... 

Chloride  of  zinc 

Sulphate  of  potash .. 

Acetate  of  lead 

Nitrate  of  baryta  .... 

Chloride  of  zinc 

Sulphate  of  soda 

Acctnte  of  potash  .... 
Nitrate  of  baryta...., 

Acetate  of  strontia... 
Nitrate  of  potash .... 

Acetate  of  lead 

Nitrate  of  strontia.... 

Acetate  of  soda / 

Nitrate  of  potash \ 

Manganous  chloride....  i 
Sulphate  of  potash \ 

Chloride  of  magnesium 
Sulphate  of  potash 

Chloride  of  magnesium 
Sulphate  of  soda 


i 

i 
\ 


Covflldent  of 
DocoaipositioD. 


90 
17-6 
220 
29  0 
270 
SCO 
83  0 
86-5 
42-5 
430 
45-8 


n  all  these  cases,  except  one,  the  coefficients  of  decomposition  are  greatest  when 
strongest  acid  and  the  strongest  base  are  not  originally  united  in  the  same 
.  The  exceptional  case  is  presented  by  the  mixture  of  nitric  acid,  acetic  acid, 
ash,  and  baryta,  in  which  the  greatest  coefficient  of  decomposition  is  obtained 
m  the  nitric  acid  is  at  first  united,  not  with  the  baryta,  but  with  the  potash, 
imilar  result  was  obtained  by  the  action  of  potash  on  nitrate  of  baryta,  and  of 
fta  on  nitrate  of  potash,  wood-spirit  being  used  as  the  precipitating  agent 
ead  of  alcohol.  The  coefficient  of  decomposition  was  6*9  in  the  former  case, 
93 'G  in  the  latter. 

t  is  not  easy  to  determine  how  far  the  particular  numerical  results  of  these 
eriments  were  influenced  by  the  presence  of  the  alcohol  ]  but  as  its  action  was 
same  in  both  cases  of  each  pair  of  experiments^  the  results  certainly  justify 
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tlie  conclusion  that  tho  two  salts,  wlicn  niixo'l,  resolve  thcmsolTos  in:    f  ?.■ .  :V  • 
the  partition  takes  place  in  a  definite  iiiunntT;  and  tbattlK- pr.-?.:::-:!-    :"  •■ 
rcsultinj^   salts   arc   independent   of  the  manner  in  which  tLtir  i!  ir..L'-  ^  ". 
oriirinally  combined. 

Kxperiuionts  bearing:  on  the  same  point,  have  also  been  published  It  M  .:jr,  - 
who  finds  that  two  salts  in  solution  mutually  decompose  iracli  cth«  r.  cv-n  r.r..  • 
of  them  is  already  the  lea^t  soluble  of  tlu;  four  salts  that  may  Lo  jr-:  1: :■■  i :   r 
the  two  acids  and  the  two  bases  present.     A  saturated  soluti"U  lT  -1.1  r.:^  •' 
potash,  to  which  chloride  of  sodium  is  added,  becomes  capable  cf  ill--  '.^i.'.-   ■ 
additional  quantity  of  chlorate  of  potash,  sliowing  that  a  portion  ..♦  tK-.  •. ■!  r * 
has  been  decomposed,  and  a  more  soluble  salt  formed.     Chloride  «f  v.r..:-..  rii-. . 
precipitated  from  its  saturated  aqueous  solution  on  ndditi^m  of  :i  snnll  •/■.'■■; 
iiirnite  of  ammonia;  but  the  previous  addition  of  chl«ir;ite  of  p'lt.iOi  fr-^:.'-  :: 
precipitation  ;  whence  it  would  appear  that  the  chlrmite  of  potash  arj-l  c).'.  :'.-•: 
ammoni!im  are  partially  converted  into  chlorate  of  ammciiia  and  cln--.!:-     ■  ;  *: 
sium.     The  preeipitatitm  of  sulphate  of  lime  from  its  a(|Ui'M«s  >olur:'  :i  1;  ...    . 
is  prevonted  by  the  presence  of  the  nitrates  or  chlorides  of  pr.t.'!.<*ii:T::.  ^  ■'..  r  .   : 
ammonium,  evidently  because  a  portion  of  tho  sulphate  is  ennvrr:- li  :!-r  :  .' 
or  chloride.     A  solution  of  chloride  of  anmiimiuni  diss^-lvi-s  tlu-  ■.:.•*•  ■  .'■ 
bar\'t:i.  strontia,  and  lime  more  readilv  than  iniro  water,  becau.-c  it  i   ■.•".     ■-•- 
verts    them    into  chloridts,  the    liquid  at  thi-  same  time    acquirii!.    .     :.  . 
reaction,  in  cun.se([nenoe  of  the  formation  of  earb<»nate  of  amnjoTiia. 

The  deeomp')sition  of  insoluble  by  soluble  salts  aflr»*rds  a  ttrikiriL'  in«"  r.  ■ 
tendeiH-v  of  atoms  to  interchan^re.  and  of  the  influence  of  mass  on  tli-.v  '.  il ; 
Accordinii- to  IT.  Kose.t  suljihatc  of  barvta  i*;  romith. iolv  deeo.i:;— -i  1'  ' 
with  .solutions  of  alkaline  carbonati\<,  pr-vided  that  eaeh  cquiv.-jit  at  « *'  *■:  ■    -"     " 
baryta  is  acted  upon  by  at  lea.^t  !•')  cq.  of  the  alkaline  carb'«i::ii\      I?  1 
sulphate  of  baryta  is  boiled  with  only  1  e(|.  of  carbonate  of  p<it;i.»]i,  r.i.lv  .'    :   '.   ■ 
decomposed,  aud  only  -,^,   by  beilinir  with   1  e«j.  of  earb;nKiro   «'f  •    !..  *  "    ■' 
decomposition  boinp:  prevented  by  the  pre.'^cnee  of  the  alkaline  sKljI.ir    :':  ■ 
formed.     If,  liowever,  the  liquid  l>e  deranted  after  a  while,  the  r.-ii.  i 

with  a  fresh    portion    of   the  alkaline    carbonate,  and  tljes.'  i. j*er:::'.  r-  :  ;•:*  1 
several  times,  complete  deconi})Osition  is  eih'Cted.     (.'arbr.nate  of  l:.r-. :.i  >■  '• 
verted  into  sulphate  by  tlie  action  of  an  atiuf'-ous  soluti^^n  uf  sulj-liat;  il  r  :•■    ' 
soda,  even  at  ordinary  teniperatun-s.     Solution  of  carbunato  of  anii::i  ^I..  i.  • :  ' 
decompose  sulphate  of  baryta  either  at  ordinary  or  at  liijirher  to'.:.j'  r.to-  • 
bonatc  of  baryta  is  not  deconipo.*^ed  by  sulphate  of  ammonia  at  or-.i'Tiir.  t  :.     •> 
tures,  but  easily  on  boiling.     Sulphate  of  baryta  is  not  doroniT'«»-l  ly  I     ': 
with  eau>tic  potash-solution,  provided  the  carbi^iic  acid  uf  the  lur  1 .  vs'-  i  -• 
but  by  fusion  with  hydrate  of  potash,  it  is  decompi»sed,  with  f«>rmr.t:-  n  ■  f  ..  :r    '  •- 
of  barvta,  because  the  carbonic  acid  of  the  air  cannot  then  be  couu  ]■  v  !•  •.  x-  ■:  ■  • 
Hydrochloric  and  nitric  acids,  left  in  contact  at  ordinary  tcmperjtur'?  *:..  ^i- 
phate  of  baryta,  cither  cryHtallizcd  or  precipitated,  dissolve  only  trr.;-  ."  • .'  ." .  -• 
the  boiling  heat,  a  somewhat  larger  quantity  is  tli.-solvcd,  ami  the  --ilur!  n  f  "'* 
a  cltiud,  bi»th  with  a  dilute  .'*olutit>n  of  chloride  of  barium  and  witli  dilute  ^   'li* 
acid.     Sulphate  of  strontia  is  dissolvc?d  by  h3*droch!oric  acid  at  ordinin  r-j;  " 
tures,  suiliciently  to  form  a  slight  precipitate  with  dilute  sulphuric  aeii.  .im'*^- 
chloride  of  strontium.     Sulphate  of  lime  treated  with  hydroeljl  rie  :i^:i   ■-•'-' 
cold  or  boiling,  yields  a  li(|uid  in  whiih  a  precipitate  is  formed.  aftiTu  y»!..  . 'T 
dilute  sulphuric  aeid,  but  not  by  chlr.riile  of  caleium. 

Sulphate  of  strontia  and  sulphate  of  lime  are  completely  dic.Mr.T  i-  i  ";  •  -" 
tions  of  the  alkaline  carbonates  and  bicarbouates  at  ordinary  te:i:j^r..:*.'  ••  *-^ 
more  quickly  on  boiling,  even  if  considerable  quantities  of  an  all,  ,iiii  -u':  ►^'^ 
are  added  to  the  solution  :    the    decomposition  is  also  effected  by  ciri  : '«'  ^• 

*  Compt  rend,  xxxviii.  COl.  f  ^egg.  Ann.  xciv.  4^1 ;  icr.  •.■«:.  iR 
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ammonia,  even  at  ordinary  temperatures.  The  carbonates  of  strontia  and  lime  are 
sot  decomposed  by  solutions  of  the  sulphates  of  pota.sh  or  soda  at  any  temperature ; 
sulphate  of  ammonia  does  not  decompose  them  at  ordinary  temperatures,  but 
readily  with  the  aid  of  heat. 

Sulphate  of  lead  is  completely  converted  into  c.irbonate  by  solutions  of  the 
alkaline  carbonates  and  bicarbouatcs,  even  at  ordinary  temperatures ;  the  neutral 
carbonates,  but  not  the  bicarbouates,  then  dissolving  small  quantities  of  o^idc  of 
lead.  Carbonate  of  lead  is  not  decompo&ed  by  solutions  of  the  alkaline  sulphates, 
either  at  ordinanr  temperatures  or  or  on  boiling. 

Chromate  of  oaryta  is  decomposed  at  ordinary  temperatures  by  solutions  of  the 
neutral  alkaline  carbonates,  and  much  more  easily  by  boiling  with  excess  of  an 
alkaline  bicarbonate.  When  ecjuivalent  quantities  of  the  chromate  of  bar}'ta  and 
carbonate  of  soda  are  boiled  with  water,  ^  of  the  whole  is  decomposed ;  when  the 
same  quantities  of  the  salts  are  fused  together,  and  the  mass  treated  with  water, 
only  tt'j  of  the  baryta-salt  is  decomposed.  Carbonate  of  baryta  is  completely  con- 
verted into  chromate  by  digestion  with  a  solution  of  an  alkaline  monochromate ; 
and  the  decomposition  of  chromate  of  bar}'ta  by  alkaline  carbonates,  even  at  the 
boiling  heat,  is  completely  prevented  by  the  presence  of  a  certain  quantity  of  an 
alkaline  monochromate. 

Selcniate  of  bar}*ta  is  easily  and  completely  decomposed  by  solutions  of  alkaline 
carbonates,  even  at  ordinary  temperatures :  this  salt  is  somewhat  soluble  in  water, 
and  more  readily  in  dilute  acids. 

Oxalate  of  lime  is  decomposed  by  alkaline  carbonates  even  at  ordinary  tempera- 
tures ;  but  to  effect  complete  decomposition  the  liquid  must  be  frequently  decanted 
and  renewed.  The  decomposition  tsikcs  place  rapidly  at  the  boiling  heat;  but  in 
all  cases  it  is  completely  prevented  by  the  presence  of  a  certain  quantity  of  a  neu- 
late  alkaline  oxalate.  When  the  f^alts  are  mixed  in  equivalent  proportions,  f^^  of 
the  oxalate  of  lime  are  decomposed  at  ordinary  temperatures,  and  |  on  boiling. 
Carbonate  of  lime  is  partially  converted  into  oxalate  by  the  action  of  a  solu- 
tion of  neutral  oxalate  of  potash  at  ordinarj-  teinpcnitures,  and  more  quickly  on 
boilin>r;  —  but  the  decomposition  is  never  complete,  even  when  the  liquid  is  fre- 
quently decanted  and  renewed.  —  Oxalate  of  lead  is  completely  converted  into 
carbonate  at  ordinary  temperatures  by  the  solution  of  an  alkaline  carbonate,  a 
Sfuall  portion  of  the  carbonate  of  lead  dissolving  in  the  liquid.    (Eose). 

The  preceding  experiments  exhibit  in  a  striking  manner  the  influence  of  differ- 
ence of  solubility  in  determining  the  order  of  decomposition.  Sulphate  of  baryta 
is  less  soluble  than  the  carbonate,  and,  accordingly,  carbonate  of  baryta  is  more 
readily  decomposed  by  alkaline  sulphates,  than  the  i^ulphate  by  alkaline  carbonates. 
Precisely  the  contrary  relations  are  exhibited  by  the  sulphates  and  carbonates  of 
Strontia'*'  and  lime,  both  as  regards  solubility  and  order  of  decomposition.  On 
the  other  hand,  oxalate  of  lime  is  less  soluble  than  the  carbonate,  and  yet  its 
decomposition  by  alkaline  carbonates  takes  place  more  easily  than  the  opposite 
reaction  :  in  this  case,  the  order  of  decomposition  appears  rather  to  bo  determined, 
as  in  Malaguti's  experiments,  by  the  tendency  of  the  strongest  acid  to  unite  with 
the  strongest  base. 

The  effect  of  a  soluble  sulphate,  &c.,  in  arresting  the  decomposition  of  the 
corresponding  insoluble  salts  by  alkaline  carbonates,  is  evidently  due  to  its  ten- 
dency to  produce  the  reverse  action  :  hence  the  acceleration  produced  by  decant- 
ing and  renewing  the  liquid.  Some  insoluble  salts,  however,  phosphate  of  lime 
for  example^  are  never  completely  decomposed,  even  by  this  treatment. 

The  constant  tendency  to  interchange  of  atoms,  exhibited  in  the  phenomena 
above  described,  and,  indeed,  in  all  cases  of  chemical  action,  suggests  the  idea 

*  According  to  Fresonius,  carbonate  of  strontia  dissolves  in  11,862  parts,  and  the  sul- 
phate in  6895  parts  of  cold  water. 
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tliat  the  atoms  of  all  bodies,  at  least  in  the  fluid  state,  are  in  constant  mouoo. 

\Vc  have  already  scon  that  the  same  idea  is  suggested  bj  the  phenotueoi  of  l\tit, 

and  leads  to  a  consistent  theory  of  those  phenomena  (p.  G.>4).     On  a  riciuar 

hypothesis,  Professor  Williamson  proposes  to  construct  a  general  theory  f«f  chemi- 

cul  uctioD.'*'     The  fundamental  notion  of  this  theory  is,  that  the  atoms  of  all  (x-m- 

pounds,  whether  similar  or  dissimilar^  arc  continually  changing  places,  the  ioter- 

chancre  taking  place  more  readily  as  the  atoms  resemble  each  other  mure  cL^lj. 

Thus,  ill  a  mass  of  hydrochloric  acid,  each  atom  of  hydrogen  is  snpp^^cd  n:t'to 

renmiu  quietly  in  juxtaposition  with  the  atom  of  chlorine  with  which  it  bipp^ecs 

to  be  first  united,  but  to  be  continually  changing  places  with  other  atoms  uf  Lvinv 

gen,  or,  what  comes  to  the  same  thing,  continually  becoming  associated  with  tther 

atoms  of  chlorine.     This  interchange  is  not  perceptible  to  the  eye,  becaiLH-  cm 

molecule  of  hydrochloric  acid  is  exactly  like  another.     But  suppose  the  hT>ir> 

chloric  acid  to  be  mixed  with  a  solution  of  sulphate  of  copper  (the  compvctot 

atoms  of  which  arc  likewise  undergoing  a  change  of  place),  the  basylouf  elruiec:?, 

hydrogen  and  copper,  then  no  longer  limit  their  change  of.  place  to  the  circle  if 

atoms  with  which  they  were  at  first  combined,  but  the  hydrogen  and  copper  '.ike^ 

wise  change  places  with  each  other,  forming  chloride  of  copper  and  sulpnohe 

acid.     Thus  it  is  that,  when  two  salts  are  mixed  in  solution,  and  nothin;;  K-p> 

rates  out  in  consequence  of  their  mutual  action,  the  bases  are  divided  Ictwiio 

the  acids,  and  four  salts  are  produced.     If,  however,  the  analogous  cIoiuoll^  of 

the  two  compounds  are  very  dissimilar,  and,  consequently,  intcrchanprc  but  el  V15, 

it  may  happen  that  the  stronger  acid  and  the  stronger  base  remain  almc*<t  cntinlr 

together,  leaving  the  weaker  ones  combined  with  each  other.     This  is  strikio:!/ 

seen  in  a  mixture  of  sulphuric  acid  (sulphate  of  hydrogen)  and  bonte  of  *<*, 

which  soon  becomes  almost  wholly  converted  into  sulphate  of  soda  and  free  b«^n.■i£ 

acid  (borate  of  hydrogen). 

Now  suppose  that,  instead  of  sulphate  of  copper,  sulphate  of  silver  is  added  to 
the  hydrochloric  acid.  At  the  first  moment  the  intercnangc  of  elements  dhj  U 
supposed  to  take  place  as  above,  and  the  four  compounds,  SO4H,  ^^A^j*  ^"'^^ 
and  ClAg,  to  be  formed ;  but  the  last,  being  insoluble,  is  immediately  rccored 
by  precipitation ;  the  remaining  elements  then  act  upon  each  other  in  the  saac 
way,  and  this  action  goes  on  till  all  the  chlorine  or  all  the  silver  is  removed  b  the 
form  of  chloride  of  silver ;  if  the  original  compounds  are  mixed  in  exactly  eqainlest 
proportions,  the  final  result  is  the  formation  of  only  two  salts,  viz..  in  thi<ca.«?, 
^^4X12  and  ClAg.  A  similar  result  is  produced  when  one  of  the  products  uf  tb< 
decomposition  is  volatile  at  the  existing  temperature,  as  when  hydiuto  iff  ctf- 
bonatc  of  soda  is  boiled  with  chloride  of  ammonium. 

This  theory  afibrds  a  simple  explanation  of  the  action  of  sulphuric  acid  npn 

alcohol,  whereby  sulphovinic  acid  (sulphate  of  ethyl  and  hydrogen)  is  first  kw^ 

and  afterwards,  at  a  certain  temperature,  ether  and  water  arc  eliminated  ip.  l*i^ 

n  tj  IT 

When  alcohol,      tt*}0,  and  sulphuric  acid,|T  ISO4,  are  mixed  together,  the  ii- 

terchange  between  the  atoms  of  ethyl  in  the  former  and  of  hydrogen  in  the  iattf 
gives  rise  to  the  formation  of  sulphovinic  acid  and  water :  — 

But  the  change  does  not  stop  here,  for  the  sulphovinic  acid  thns  prodaed.  w^ 
ing  with  fresh  molecules  of  alcohol,  exchanges  its  ethyl  for  the  hydrogen  d  tbc 
alcohol,  producing  ether  and  sulphuric  acid  :  — 

*  Chem.  80c  Qa.  J.,  It.  110. 
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The  salpburic  acid  is  thus  restored  to  its  original  state,  and  is  ready  to  act  upon 
fresh  quantities  of  alcohol ;  so  that  if  alcohol  be  allowed  to  ran  into  the  mixture 
in  a  constant  stream,  the  temperature  being  kept  within  certain  limits  (between 
140**  and  160®  C),  the  process  goes  on  without  interruption,  ether  and  water  con- 
tinually distil  over,  and  the  same  quantity  of  sulphuric  acid  suffices  for  the  etheri- 
fication  of  an  unlimited  quantity  of  alcohol.  This  is  the  peculiarity  of  the  pro- 
cess ;  it  has  given  rise  to  a  variety  of  explanations ;  in  fact,  the  process  of  etherifi- 
cation  has  long  been  a  battle-ground  of  chemical  theories.*  The  discussion  of 
these  various  theories  would  be  foreign  to  the  present  purpose ;  it  is  sufficient  to 
remark  that  the  hypothesis  of  atomic  interchange  affords  a  ready  explanation  of 
the  most  obscure  point  in  the  reaction,  viz.,  the  formation  and  decomposition  of 
sulphovinic  acid  following  each  other  continuously,  without  any  change  of  tem- 
perature or  other  determining  cause.  If  it  be  admitted  that  the  atoms  of  ethyl' 
and  hydrogen  in  the  mixture  arc  continually  interchanging  in  all  possible  ways, 
this  series  of  alternate  actions  follows  as  a  necessary  consequence. 

The  formation  -of  ether  by  the  mutual  action  of  sulphovinic  acid  and  alcohol  is 
also  analogous  to  its  production  by  the  action  of  iodide  of  ethyl  on  potassium- 
alcohol  (p.  C99) : — 

The  same  view  is  corroborated  by  the  fact  recorded  by  Williamson,  in  the  paper 
mbove  quoted,  that  sulphamylic  acid  (sulphate  of  amyl  and  hydrogen)  distilled 
with  common  alcohol,  yields  an  ether  containing  both  ethyl  and  amyl :  — 

H    \^^*+       H  i^  — GsHni^J^Hl^^*' 

and  that  the  same  compound  is  obtained  by  distilling  a  mixture  of  vinic  and 
araylic  alcohols  with  sulphuric  acid ',  also  with  the  fact  discovered  by  Chancel^ 
that  sulphovinatc  of  potassium  distilled  with  potassium-alcohol;  yields  ether: — 

^^« I SUX  X  ^*^» I o.  —  ^^*lii  a.  ^  I fi£k  • 

and  that  the  same  salt  distilled  with  mcthylate  of  potassium,  GR^KQ,  yields 

methamylic  ether,  £,*„  *  I O-- 

The  idea  of  atomic  motion  is  in  accordance  with  physical  as  well  as  chemical 
phenomena.  To  suppose  that  rest,  rather  than  motion,  is  the  normal  state  of  the 
particles  of  matter,  is  at  variance  with  all  that  we  know  of  the  effects  of  light, 
heat,  and  electricity.  In  the  heat-theory  of  Clausius,  (p.  653),  the  particles  of 
bodies  are  supposed  to  be  affected  with  progressive,  as  well  as  with  rotatory  and 
Tibratory  movements ;  and  this  same  hypothesis  of  progressive  movement  which, 
of  course,  implies  change  of  relative  position  among  the  particles,  affords,  as 
already  stated,  a  ready  explanation  of  certain  chemical  reactions,  otherwise  some- 
what obscure.  It  is  worth  while  to  observe  that,  in  the  heat-theory  of  Clausius, 
the  progressive  motion  of  the  particles  is  supposed  to  exist  only  in  the  liquid  and 
gaseous  states,  the  particles  of  solid  bodies  merely  performing  rotatory  and  vibra- 
tory movements  about  certain  positions  of  equilibrium.  This  is  quite  in  accord- 
ance with  the  well-known  fact  that  chemical  reaction  rarely  takes  place  between 
solid  bodies. 

*  See  the  translation  of  Gmelin's  Handbook,  vol.  viii.  pp.  231  —  237. 
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Intimately  connected  with  the  interchange  of  atoms  resuhin;;  in  rhoinii.^'.  uv- 
competition,  is  the  process  by  which  a  saline,  or  other  soluble  sub>tani;i>,  i^  iyt<\i 
or  iliffuscd  nnifoniily  through  the  moss  of  the  solvent ;  in  enum  cases,  iadcni.  a 
will  presently  be  seen,  the  dec om position  of  salts  id  prcutly  fueilitutil  Ix  li. - 
tendency  of  one  or  more  of  the  products  of  decomposition  to  dilfusc  iuiv  iiif  ?'.j- 
roundinjr  liquid. 

The  phenomena  of  liquid   diifusion  have  hci?n  minu'^-k  ia- 
F:o.  229.  vestifratcd  by  Jlr.  Grah.im.*     The  apparatus  u-ioJ  C3!]<i»:i'j  -f 


a  set  of  phialu,   of  nearly   r-iu:il    ■ 


capacity,  c:i.*t  in  tliL^  i-ii.' 
mould,  aod  further  adjuaicil  by  sirindint;  to  a  uniform  Ate  ■( 
aperture.  The  phials  were  il "  inclies  lii^'h,  with  a  ntck  ".'i 
inch  in  depth,  and  aperluri'  Il^'i  inch  wide;  capacity  t<'  W-: 
of  neck  eijuat  to  20t>0  (;niiiis  of  water,  or  between  -1  ssi  ■'■ 
ounces.  For  each  diffuniun-phiiit,  a  plain  u'hi-is  irni.r-iir  it-j 
also  provided,  4  inches  in  diameter  and  7  inches  deei'.  iKI'. 
229.) 

The  diffusion-phial  was  filled  with  the  snlino  ».>lat:oii.  sil- 
ammoniao  for  in^tanec,  to  the  base  of  the  neck,  ur  vifK  i\'.'- 
rectly  to  a  distance  of  0-5  inch  from  the  p^)und  i>UT£ti;t  <>;' 
the  lip.  The  neek  of  the  phial  was  then  filled  np  with  distilled  watir.  »  ii^t; 
float  bein^  first  placed  on  the  surface  of  the  solution,  and  care  b('iu<:  ukcu  m 
avoid  notation.  After  the  phial  had  been  placed  within  the  jar.  wati:r  vai 
poured  into  the  jar,  so  as  to  cover  the  open  phial  to  the  do[nh  i>f  an  iti'n. 
which  required  about  20  ounces  of  water.  The  vatiuc  liquid  in  the  phial  a  ita 
ollowed  to  communicate  freely  with  the  water  in  the  jar.  The  diffusion  is  iu:ir. 
rupted  by  placing  a  soiiill  plate  of  in^nnd  glass  on  the  mouth  uf  ihe  phiji.  auJ 
raisini;  the  latter  out  of  the  jar.  The  amount  of  salt  difTusod,  called  the  •'(iTji.-'I- 
product,  or  tliff«tatt,  is  ascertained  by  e\'aponiting  the  water  in  the  jar  to  diyaus, 
or,  in  the  ease  of  chloriili's,  by  precipitating  with  nitrate  of  silver. 

Tbo  results  of  several  scries  of  experiments  made  in  this  manner  are  jiTto  ;b 
the  following  Table,  the  second  column  of  which  shows  the  quantity  uf  ol:  :a 
100  parts  of  the  soJutioQ;  the  third,  the  time  of  difliision;  the  founb.  ii>i 
temperature,  on  the  Fahrenheit  scalcj  the  fiflh,  the  quantity  of  salt  diffused:— 

DirrcsioH  or  Salixe  Bouniost. 


Ujilroehlorio  acid.. ..■. 

HydriodiB  aciJ 

Hydrobromle  aeid „.„, 

Bromiiis „ 

Qyiltocyanioacid..- 

Hjdrated  lutria  acid  (!IO«H). 


I  B 
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DirruBiox  or  Saiixi  Solctiokb 


Hjdntted  gulphuria  aci 

Chromic  nciil 

AeeUe»cid(C,n,0,)... 


Sulphur 


Alcohol... 


tit  of  strontia ... 
KitnitB  of  lima 


Chlorido  of  barium... 


Chloride  of  strontium... 


Chloride  of  caloium... 


ChtorMe  of  mnnf^neBC... 

iile  of  mrvgncain 

Nilrnle  of  copper 

rhinride  Qf  line 

Clilriride  of  inDgneiium  .. 

rnprie  chlorida 

ferrous  chloride 


Salpbate  of  magDCsia. 


]l-43 

n-43 

n-i3 

11-48 


07 '3 
46-8 
4S'8 


11-43 

63 -8 

11 -43 

C3-8 

11 -43 

50-8 

U-4i 

60-8 

]1'43 

11 -^ 

DO-8 

11 -43 

SO-8 

11-43 

11-43 

60-8 

11-43 

63-6 

16-17 

16-17 

65-4 

10-17 

G5'4 

1(117 

65-4 

1617 

ea-B 

16-17 

62-8 

16-17 

18-17 

66-4 

16-17 

65-4 

16-17 

65-4 

16-17 

654 

16-17 

62-8 

16-17 

62-8 
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StmnoK  01  8Ai.taa  Soixiiom* — i 


Salphkte  or  alaminft... 

Nitnte  ot  ailTer 

Kitnteof  MxU 

Chloride  or  lodloni 

Iodide  or  eodiDin 

Bromide  of  sodiam 

Cbloride  of  poUsBittm . 
BroioidQ  of  polugiam. 
lodids  of  pDlutinm.... 
Cblorida  o(  nmmoiilaiil 

Koubonato  of  potash. 
Bioarbonate  of 

BicarbouBte  of  sod 
Hydrate  of  potash 

Hjdrate  of  aoda». 


Carbonate  of  pi 


Carbonate  of  aoda... 


Sulphate  of  potaih... 


Snlpbata  of  soda.. 


Bolphiteot  potaih 

Solphite  of  soda 

HfposutpbitB  of  potaafa 

Hypoinlphile  of  Roda 

SulphoTinate  of  potaah  _... 


65-4 
6.J-4 
&J-4 
63-4 
CS-4 
U-4 
634 
634 
634 
63-4 
G3'4 
63-4 
Cit-4 
&'J-8 

&S-3 

59-8 


435 

fi3-2 

4-93 

63-2 

608 

8-08 

63 -C 

8-08 

63-8 

60-3 

eO'2 

69-9 
69-9 
69-9 
69-S 
69-5 
69'6 
697 
69'» 
S»'T 
fiB-S 
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Snbstukoe. 


Oxalate  of  potash.. 


..-( 


Oxalate  of  soda .  m. 


Acetate  of  potash - •• 


Acetate  of  soda 


Tartrate  of  potash 

Tartrate  of  soda 

Hjrdrochlorate  of  morphine.. 
Hydrochlorate  of  strychnine. 


PerOnt. 

Days. 

Fahr. 

Diffaratr. 

1 

808 

59-90 

6-20 

2 

808 

59-9 

1217 

4 

8-08 

59-9 

2804 

8 

808 

69-9 

42-82 

1 

9-9 

59-9 

6-24 

1 

808  . 

60-2 

6-44 

2 

8  08 

60-2 

12-52 

4 

808 

00-2 

23-44 

8 

8-08 

60-2 

47-26 

1 

9-9 

69-5 

6-67 

2 

9-9 

69-5 

12-46 

4 

99 

69-6 

2504 

8 

9-9 

69-5 

4804 

2 

808 

59-9 

10-96 

2 

9-9 

69-5 

10-65 

2 

11-48 

641 

1100 

2 

11-48 

641 

11-49 

These  cxperimoDts,  and  a  number  of  others  made  in  a  simihir  manner,  lead  to 
the  following  general  conclusions: — 

1.  Different  salts,  in  solutions  of  equal  strength,  diffuse  unequally  in  equal 
times. 

2.  With  each  salt,  the  rate  of  diffusion  increases  with  the  temjtbrature,  and  at 
any  given  temperature,  is  proportionate  to  the  strength  of  the  solution,  at  least 
when  the  quantity  of  salt  dissolved  docs  not  exceed  4  or  5  per  cent. 

3.  There  exist  classes  of  equidiffusive  substances  which  coincide  in  many  cases 
with  the  isomorphous  groups,  but  are,  on  the  whole,  more  comprehensive  than  the 
latter.  Thus,  the  same  rate  of  diffusion  is  exhibited  by  hydrochloric,  hvdro- 
bromic,  and  hydriodic  acid ;  by  the  chlorides,  iodides,  and  bromides  of  the  alkali- 
metals  ;  by  the  nitrates  of  baryta,  strontia,  and  lime ;  the  sulphates  of  magnesia 
and  zinc,  &c.  &c. 

4.  For  several  groups  of  salts  it  is  found  that  the  squares  of  the  times  of  equal 
diffusion,  from  solutions  of  the  same  strength,  stand  to  one  another  in  a  simple 
numerical  relation.  Thus,  the  diffusate  from  a  solution  of  nitrate  of  potash,  in  7 
days,  was  equal  to  that  obtained  from  an  equally  strong  solution  of  carbonate  of 
potash,  in  9*9  days,  numbers  which  are  to  one  another  as  1 :  \/  2.  Similar  re- 
sults were  obtained  with  2  per  cent,  solutions  of  nitrate  and  sulphate  of  potash, 
equal  diffusates  of  the  two  being  obtained  in  8-5  and  4-95  days,  in  7  and  9*9 
days,  and  in  10-5  and  14*85  days;  also,  with  hydrate  and  nitrate  of  potash,  and 
with  nitrate  and  carbonate  of  soda.  The  times  of  equal  diffusion  of  1  per  cent, 
solutions  of  chloride  of  ammonium  and  chloride  of  sodium,  were  to  one  another 
as  \/  2  :  v^  3.  Now,  according  to  Mr.  Graham's  experiments  Tp.  739),  the  squares 
of  the  times  of  equal  diffusion  of  gases  are  to  one  another  in  the  ratio  of  their 
densities.  Hence,  by  analogy,  it  may  be  inferred  that  the  molecules  of  these 
several  salts,  as  they  exist  in  solution,  possess  densities  which  are  to  one  another 
as  the  squares  of  the  times  of  equal  diffusion.  Thus,  the  solution- densities  of 
sulphate,  nitrate,  and  hydrate  of  potash,  are  to  one  another  as  the  numbers  4,  2, 
and  1.  These  solution-densities  appear  to  relate  to  a  kind  of  molecules  different 
from  the  chemical  atoms,  and  the  weights  of  which  are  either  equal,  or  bear  to 
ODO  another  a  simple  numerical  relation. 

The  diffusion  of  a  salt  into  the  solution  of  another  salt  takes  place  with  nearly 
the  same  velocity  as  into  pure  water;  at  least,  when  the  solutions  are  dilute.     Mr 
Graham  has  shown  that  the  diffusion  of  a  4  per  cent,  solution  of  carbonate  of 
soda,  is  not  sensibly  affected  by  the  presence  of  4  per  cent,  of  sulphate  of  soda  in 
the  liquid  atmosphere ;  nor  that  of  a  4  per  cent,  solution  of  nitrate  of  potssh|  by 


J 
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re  >aiiic  proportion  of  nitnito  of  anunonia.  Tho  presence  of  4  por  ci?r,t.  cf  «al- 
]\\\vM-  of  .e<»da  reduced  the  diffusion  of  carbunat*^  <if  soda  liv  onlv  ^  of  r..e  tt  .^. 
111  >tr>jn;rer  solutions  the  rct;»rdation  woulil  probably  bo  irreater.  Thori^  i«,  is.  1-.  .i. 
n^a<j)n  to  believe  that  the  phononiena  of  li«|uid  diffusion  arc  exhibit-.  1  in  t.Lir 
"siinplost  form  only  by  weak  solutions,  tho  effect  of  cuuceutratiun,  like  iha:  ".t  •..'£• 
pnssion  in  gases,  being  to  produce  a  departure  from  the  normal  obaract'.T. 

The  rate  of  diffusion  is,  however,  materially  affected  when  the  H-juid  atnii-pVr^ 
already  contains  a  portion  of  the  diffusing  salt.  The  considenilion  I'f  t!i>  vi-"* 
leads  to  the  general  question  of  the  motion  of  particles  of  a  di-solvoJ  «ub- •.'.■? 
in  a  solution  of  unequal  concentnition.  The  genenil  law  which  regulit.-  -:  a 
movements  appears  to  be  this:  —  TJic  velortti/  mith  irhirh  a  ^**hthh  t'lU  ii'f..-t 
from  a  stronger  into  a  wcakrr  solutvmy  is  pntpfirtional  to  tkr  ilijF*  rmo-  -/  v.- 
o/ntrafion  hctxcrrn  tiro  contif/uons  strata.  This  law  has  not  yet  bet-n  ix;-r.- 
mentally  demonstrated  in  a  sufficient  number  of  casts  to  establish  it  comp'  :  iy; 
but  in  the  case  of  chloride  of  sodium,  it  has  been  shown  to  be  true  by  the  i  l-  »• 
iug  experiments  of  Fick.* 

A  cylindrical  glass  tube,  open  at  both  ends,  was  cementeJ  into  a  vl^mI  vti:. 
pletely  filled  with  common  salt,  the  cylindrical  space  filled  up  with  water,  nr.  i  I'r.e 
whole  immersed  in  a  large  jar  eontiining  water.  The  apparatus  wa^  then  !•  :i  :■) 
itself  for  several  weeks,  the  water  in  the  jar  being  from  lime  ti»  time  T..1;.  ■  :t 
and  renewed.  Now,  as  the  lowest  stratum  of  lii^uid  in  the  tube,  bfin-:  h\  i-t.:: 
with  undissolved  salt,  must  remain  constantly  saturated,  while  the  upp  r:.  rl 
layer,  which  is  in  contact  with  pure  water,  contains  no  salt  at  all,  a  eeruin  ii  ':'J 
state  of  diffusi<fh  will  ultimatclv  establish  itself  throuiihout  the  lencrth  t.t' tii'- ui-:. 
characterized  by  the  condition,  that  each  horizontal  stratum  will,  in  a  'Siwn  i.i^ 
give  up  to  the  stratum  immediately  above  it  as  much  salt  as  it  receives  fn  in  ;':.>.  .^^.i 
below.  When  this  state  is  attained,  the  densities  of  the  successive  strata  j-.v::  c»~! 
from  below  upwards  in  arithmetical  progression.  This  law  of  decrease  wa«  ^i^ii-.^ 
experimentally  by  immersing  in  the  liquid,  at  various  depths,  a  glass  bulb  •;!*• 
pcnded  from  the  arm  of  a  balance,  and  counterpoised  by  weights  in  the  •■j'i':-i:e 
scale.  This  law  of  decrease,  however,  is  true  only  with  regard  t'"»  cyli::«lnv»J 
columns  of  liquid,  or  (Others,  in  which  the  horizontal  section  is  uf  uuifnnii  iL-iT»i- 
tude.  In  other  cases,  the  law  of  decrease  of  density  may  be  raleulatol  aee  ru.nj 
to  the  form  of  tho  vertical  section.  In  funnel-shaj)ed  tubes,  Fiek  ha^  sLowj  U'^l 
the  resulLs  of  calculation  agree  with  those  of  experiment. 

Now  let  A"  denote  the  quantity  of  Siilt  wliich,  in  the  normal  state  of  difiX'-o, 
passes  in  a  unit  of  time  through  a  unit  of  horizout-il  seetiou  of  a  cjilinlri*-:*!  fJM 
whose  height  is  equal  to  the  unit  of  length  :  this  quantity  is  called  the  i/r-.*.'  i> 
rf>f'j/iricnf ;  jilso,  let  Q  be  the  quantity  of  salt  which,  in  the  time  ^  flow-;  lr.i;u  the 
mouth  of  the  tube  into  the  water-atmosphere;  h,  the  height  of  the  tuU\:  f. itf 
horizontal  section;  and  d,  the  density  of  the  liquid  at  the  bottom;  then 


Q  =  K.d.{t. 


Kencc,  with  a  tube 
densitv  at  the  bottom 


of  given  dimensions,  and  a  solution  of  known  and  Ci'^n.-ast 
n,  the  diffusion-cofjfit'irnt,  K,  of  any  salt,  may  be  calculali-l 


•o  ...-W      -«  .^^^  •*  days  —  which  must  elapse 
Donnal  state  is  attained. 


i;  Another  method  of  determining  the  diffusion  co-officient  of  a  salt  ha«  bcB 

i  *  Phil.  Mag.  [4],  z.  80. 


DIFFUSION    OF    LIQUIDS. 


745 


Fia.  230. 


devised  by  Jollv,  and  applied  in  several  cases  by  Beilstein.*    The  apparatus  used 

consists  of  a  glass  tube  (fi^.  230),  about  three  inches  long,  bent 

round  at  the  bottom,  and  cut  off  near  the  bend,  so  that  the  level 

of  the  orifice  is  not  much  more  than  a  milllnictcr  above  the  bottom 

of  the  bend  at  a.     The  upper  end  of  the  tube  is  slightly  drawn 

out,  and  closed  with  a  stopper.     This  tube  is  tilled  with  a  solution 

of  known  concentration,  and  fixed  uprij^ht  within  ajar  of  water,  the 

orifice  of  the  tube  being  two  or  three  lines  below  the  level  of  the 

water.     The  salt  then  immediately  begins  to  diffuse  into  the  water, 

and  as  the  liquid  near  the  orifice  becomes  diluted,  it  passes  round 

the  bend  to  the  upper  part  of  the  tube,  its  place  being  supplied 

by  more  concentrated  liquid  from  above.     With  this  apparatus, 

Beilstein  has  obtained  the  following  diffusion-cueflicients  (taking 

that  of  chloride  of  potassium  for  unity),  for  solutions  containing 

4  per  cent  of  salt,  and  at  the  temperature  of  C®  C.  (10-2°  F.). 


Chloride  of  potassium 1 

Nitrate  of  potn^h 0-0487 

Chlori.le  of  eodium 0-8:',:J7 

Bichromato  of  potanb 0'7')4H 

Carbonate  of  potash 0-7371 


Sulphate  of  potash 0G087 

Carbonate  of  poila 0-6430 

Sulphate  of  soda 0-5369 

Sulphate  of  mnpiesia 0-3587 

Sulphate  of  copper 0-3440 


Beilstein  infers  from  his  experiments,  that  the  rate  of  diffusion  is  not  exactly 
proportional  to  the  difference  of  density  of  two  contiguous  strata,  but  increases  in 
8  somewhat  greater  ratio. 

Siramler  and  Wildef  are  of  opinion  that  the  want  of  agreement  of  Beilstein'g 
results  with  this  law  arises  from  a  defect  in  the  method  of  experimenting.  Beil- 
stcin*s  calculations,  indeed,  are  based  on  the  supposition  that  the  stren<;th  of  tho 
solution  in  the  tube  (fig.  230),  though  constantly  decreasing,  is  uniform  at  any 
instant  of  time  throughout  the  entire  length ;  whereas,  a  little  consideration  will 
show  that  the  densitv  near  the  orifice  must  be  less  than  that  in  the  larirer  arm  of 
tho  tube,  and  in  this  arm  less  than  near  the  bottom  of  the  bend,  where  the  liquid 
must  stagnate  to  a  certain  extent.  From  this  source  of  error,  Fick's  mode  of 
observation  is  free.  Simmler  and  Wilde,  however,  propose  other  mctliuds,  easier 
of  execution  than  Fick's,  and  not  subject  to  the  necessity  of  waiting  till  the  normal 
state  of  diffusion  is  established.  One  of  these  methods  is  similar  to  that  adopted 
by  Mr.  Graham,  excepting  that  the  vessel  containing  the  solution  is  perfectly 
c^'Iindrical,  a  condition  which  greatly  simplifies  the  calculations ,'  and,  instead  of 
being  placed  at  the  bottom  of  the  water-jar,  is  supported  on  a  stand,  so  as  to 
bring  its  mouth  within  a  line  or  two  below  the  surface  of  the  water;  the  salt,  as 
it  diffuses  out,  is  thus  made  to  flow  over  the  sides  of  the  vessel  and  fall  to  tho 
bottom,  leaving  an  atmosphere  of  pure  water  above.  Another  method,  proposed 
by  the  same  authors,  is  to  place  the  saline  solution  in  a  vessel  having  the  form  of 
a  triangular  prism,  and  determine  the  variation  of  density  at  different  depths 
below  the  surface  by  observation  of  the  indices  of  refraction.  The  numerical 
results  obtained  by  these  methods  have  not  yet  been  published. 

Mixed  salts  may  be  more  or  less  sepanitcd  by  their  unequal  diffusibility.  A 
solution  of  1  part  of  carbonate  of  potash  and  1  part  of  carbonate  of  soda  in  10 
parts  of  water,  yielded  in  19  days  at  G0°  F.  a  diffusate  containing  63-6  parts  of 
carbonate  of  potash  to  3G 4  parts  of  carbonate  of  soda;  the  diffusate  obtained  in 
25  days  contained  the  two  salts  in  nearly  the  same  proportion.  Sea-water  was 
also  partially  decomposed  by  diffusion,  the  diffusate  containing  a  smaller  propor- 
tion of  magnesia-salts  than  the  residue.  The  variation  of  composition  in  the  water 
of  the  Dead  Sea,  at  different  times  of  the  year,  probably  arises  from  the  unequal 
rate  of  diffusion  of  the  different  salts  contained  in  the  strong  saline  liquid  into  the 
layer  of  fresh  water  brought  down  to  it  during  the  rainy  season.     (Graham.) 


*  Anu.  Ch.  Pharm.  xcix.  165. 
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Diffusion  is  also  capable  of  effecting  the  decomposition  of  chcn»ical  coTtr-'ncd*. 
From  a  solution  of  bisulpliate  of  potash,  saturated  at  20**  C.  (•^i^S*  F.)-  ^\**'rL  wr-rt 
diffused  in  50  days,  31-8  parts  of  bisulphate  of  potash,  and  12-S  pan*  of  lydrsu^i 
sulphuric  acid.     A  solution  of  8  parts  of  anhydrous  alum  in  KK)  jcn*  -l  »'j:rt 
yielded,  in  8  days,  at  17-9°  C.  (64-2°  F.),  a  diffusatc  of  5-3  parts  aiu£>  ari  Jj 
parts  sulphate  of  potash.     A  solution  of  1  part  of  sulphate  of  pota.'h  in  lOU  tirj 
of  lime-water,  left  to  diffuse  into  lime  water  for  seven  days,  yioldod  a*an.tin 
result,  a  diffus^ate  containing  22G7  parts  of  hydrate  of  fK>la5h,  and  TTo^i  i^n?   f 
sulphate  of  potash.    A  siniilar  experiment  with  sulphate  of  soda,  yielded  a  viiru-'.ta 
containinc:  about  12  per  cent,  of  hydrate  of  soda.     The  larircr  quantity  if  tlj« 
alkaline  hydrate  obtained  in  the  first  instance,  appears  to  be  due  to  the  >cf irii}r 
diffusihility  of  the  sulphate  of  potash,  as  it  can  scarcely  be  supposed  that  tb« 
aflBnity  of  potash  for  sulphuric  acid  is  less  than  that  of  soda.     I'he  sulrh;itt'*  <<( 
potash  and  soda  were  also  decomposed  by  carbonate  of  lime  dissolvt'd  io  •■arii-.iiic 
acid  water,  when  the  liquid  was  allowed  to  diffuse  into  pure  water.    The  ehlorid-j 
of  potassium  and  sodium  wore  not  sensibly  deeuniposed  by  lime- water  ia  liij 
manner.     "When  saturated  solutions  of  lime-water  and  sulphate  of  lime  were-  rnh^.-d 
in  equal  volumes,  1  per  cent,  of  chloride  of  sodium  dis^solvod  in  tlie  mixturr.  sod 
the  solution  left  to  diffuse  into  pure  water,  scarcely  a  trace  of  hydrate  i^f  syh  us 
obtained;  but  when  the  solution  of  sulphate  of  lime,  with  an  iidditiun  of  2  p^r 
cent,  of  chloride  of  sodium,  was  kept  at  the  boiling  point  fur  half  an  huar.  aid 
the  solution  mixed  two  or  three  days  afterwards  with  an  e«]ual  vol  unto  of  linrf- 
watcr,  and  diffused  into  pure  water  for  3i  days,  the  diffui^ate  in  thrve  cviU  wii 
found  to  contain  0-234  grains  hydrate  of  soda,  and  0o71  sulphate  of  s-^ia.    It 
appears,  then,  that  more  than  one  condition  of  equilibrium  is  p<ssiblo  for  olnd 
solutions  of  sulphate  of  lime  and  chloride  of  sodium.     Ci»Id  solutions  of  thv>e  <Iu 
may  be  mixed  without  decompositiun,  or,  without  sensible  furmatiun  of  s-nlpbiit; 
but,  on  heating,  thi.s  change  is  induced,  and  is  ]>ermanent,  suljthate  of  sodu  \<\t.z 
formed,  and  continuing  to  exist  in  the  cold  solution ;  for  it  is  the  decnDipe-iti.-a 
of  that  sail  alone  by  hydnitc  of  lime  which  appears  to  yield  the  diffm^Cfi  hydntt 
of  soda.     As  the  effects  of  time  and  temperature  arc  often  convertible,  it  w  p»s- 
ble  that  the  same  decomposition  might  take  place  at  ordinary  temperatures  at'tfri 
considerable  time.     "  If  such  be  the  case,  we  have  an  agency  in  the  Kiil,  Ir  ufaick 
the  alkaline  carbonates  rerjuired  by  plants  may  be  formed  from  the  chluHcf*  of 
potassium  and  sodium,  as  well  as  from  the  sulphates,  for  the  sulphate  (f  lime, 
generally  present,  will  convert  those  chlorides  into  sulphates.    The  ukkIc  in  wLiik 
the  soil  of  the  earth  is  moistened  by  rain,  is  peculiarly  favourable  to  soparati^es 
by  diffusion.     The  soluble  salts  of  the  soil  may  be  suppi^sed  to  be  carried  di-wa 
together,  to  a  certain  depth,  by  the  first  portion  of  rain  which  fall:?,  while  liny  fod 
afterwards  an  atmosphere  of  nearly  pure  water,  in  the  moisture  which  falls  brt 
and  occupies  the  surface-stratum  of  the  soil.     Diffusion  of  the  salts  upwards*  iat9 
tho  water,  with  its  separations  and  decompositions,  njust  neces.<ari!y  en»uc    T^ 
salts  of  potash  and  ammonia,  which  arc  most  required  for  vegetation,  jA6s<stb< 
highest  diffusihility,  and  will  rise  first.     The  pre-eminent  diffusibility  of  tbe  lib* 
line  hydrates  may  also  be  called  into  action  in  the  soil  by  hydrate  of  lime,  jir- 
ticularly  as  quick-lime  is  applied  for  a  top-dressing  to  grass  Iand«."     (Grahais.*) 

PASSAGE   OF  LIQUIDS   THROUGH   POROUS  SEPTA.      OSMO^K. 

The  force  of  liquid  diffusibility  still  acts  when  the  two  liquids  are  sepnted  bj 
a  porous  sheet  of  animal  membrane,  or  unglazed  earthenware;  for  the  p-raof 
such  a  membrane  are  occupied  by  water,  and  an  uninterrupted  liquid  ot»n<mBDi- 
catiou  exists  between  the  water  on  the  one  side,  and  the  saline  solution  <«  tKe 
other.     Under  these  circumstances,  a  flow  of  liquid  takes  place,  goncrally,  thoogk 
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not  always^  from  the  water  to  the  saline  Bolution,  so  that  the  quantity  of  liquid 
diminishes  on  one  side  of  the  septum,  while  it  increases  on  the  other.  This  phe- 
nomenon was  originally  dcsi<;nated  by  the  correlative  terms,  Emhsmoge  and  Exos- 
mose  ;  but  it  is  better  expressed  by  the  shorter  word  Osmose  (from  u9/io;,  impul- 
sion), which  includes  the  two  former. 

This  passage  of  liquids  through  porous  septa,  was  first  studied  by  Dutrochet, 
whose  apparatus,  called  an  endosmometer^  consisted  of  a  narrow  glass  tube,  having 
a  funnel-shaped  expansion  at  the  bottom,  and  closed  at  that  end  by  a  piece  of 
bladder.  This  tube  was  filled  with  a  saline  solution,  and  placed  in  a  vertical  posi- 
tion^ in  a  jar  containing  water.  The  flow  of  liquid  in  one  direction  or  the  other, 
wu  measured  by  the  rise  or  fall  of  the  liquid  in  the  tube.  Dutrochet  inferred 
from  his  experiments  that  the  velocity  of  the  osmotic  current  is  proportional  to 
the  quantity  of  salt  or  other  solid  substance  originally  contained  in  the  saline 
solution.  The  experiments  were,  however,  inexact,  because  no  allowance  was 
made  for  the  alteration  of  hydrostatic  pressure,  caused  by  the  rise  or  fall  of  liquid 
in  the  tube.  Yierordt,*  who  used  a  modification  of  Dutrochct's  apparatus,  in 
which  this  source  of  error  was  removed,  found  that  the  velocity  of  the  current 
increases  with  the  initial  concentration  of  the  solution,  but  in  a  lower  ratio. 

Professor  Jolly,  of  lloidclbcrg,  has  examined  the  osmose  of  water  and  saline 
solutions  by  a  different  method.  The  saline  solution  containing  a  known  quantity 
of  salt,  is  contained  in  a  glass  tube  closed  at  the  bottom  with  bladder,  and  plunged 
into  water,  which  is  frequently  changed,  so  as  to  keep  it  nearly  pure.  The  tube 
with  its  contents  is  taken  out  from  time  to  time  and  weighed,  and  these  opera- 
tions are  repeated  till  the  weight  becomes  constant,  showing  that  the  whole  of  the 
salt  has  passed  out  from  the  tube,  and  nothing  but  water  remains. 

In  this  manner,  it  is  found  that  a  given  quantity  of  any  salt  which  passes 
through  the  septum  into  the  water  is  always  replaced  by  a  definite  quantity  of 
water.  The  quantity  of  water  which  is  thus  replaced  by  a  unit  of  weight  of  the 
salt,  is  called  the  endosniotic  (or  osmotic)  equivalent  of  that  salt.  This  quantity 
varies  with  the  nature  of  the  salt,  and  with  the  temperature,  increasing  as  the 
temperature  rises,  but  it  is  independent  of  the  density  of  the  solution.  At  tem- 
peratures near  0^  C,  the  endosmotic  equivalent  of  hydrate  of  potash  was  found  to 
he  200 ;  of  chloride  of  sodium,  between  4  3  and  4-G ;  of  sulphate  of  s(xla,  between 
11  and  12;  of  neutral  sulphate  of  potash,  12;  of  acid  sulphate  of  potash,  2-3;  and 
of  hydrated  sulphuric  acid  (at  18°  C.)j0-35. 

These  results  point  to  the  conclusion,  that  the  osmose  between  water  and  saline 
solutions,  consists,  not  in  the  opposite  passage  of  two  liquid  currents,  but  in  the 
^ssage  of  particles  of  the  salt  in  one  direction,  and  of  pure  water  in  the  other. 
This  conclusion  is  strengthened  by  Mr.  Graham's  observation,  that  common  salt 
diffuses  into  water,  through  a  tin  membrane  of  ox-bladder  deprived  of  its  outer 
muscular  coating,  at  the  same  rate  as  when  no  membrane  is  interposed. 

The  flow  of  water  into  the  saline  solution  is  the  only  one  of  the  two  movements 
which  can  be  correctly  described  as  a  current.  This  is,  in  fact,  the  true  osmose, 
and  depends  essentially  on  the  action  of  the  membrane  or  other  porous  septum ; 
for  the  quantity  of  water  which  thus  passes  into  the  solution,  is  often  much 
greater  than  would  be  introduced  by  mere  liquid  diffusion,  amounting  in  some 
cases  to  several  hundred  times  that  of  the  salt  displaced. 

This  action  of  the  septum  has  been  explained  in  various  ways.  By  Dutrochet 
and  others,  it  was  attributed  to  capillarity;  but  this  force  is  quite  insufficient  to 
account  for  the  great  inequality  of  ascension  which  different  liquids  exhibit  in  the 
osmotic  apparatus;  in  fact,  Mr.  Graham  has  shown,  that  solutions  of  the  most 
different  character  exhibit  very  nearly  equal  ascension  in  tubes  of  equal  diameter. 

Osmose  has  likewise  been  attributed  to  the  unequal  absorption  of  the  two 
liquids  by  the  porous  septum.     Suppase  the  septum  to  be  of  such  a  nature  as  to 
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{iV-.»rb  nnly  one  of  the  liquiil??,  the  water  for  instance.     The  water  will  t'-.  a  y.  r.> 
trntt-  tlio  septum,  and  couiinj:  in  contact  with  the  sarino  !»«iliiti'-n,  wiU  il^>   I-.m 
it.     More  water  will  then  y)e  absorbeJ,  and  subsccjucntly  diffused,  imj  H-.  ^  ...j. 
tiininus  current  will  be  set  up.     If  both  liquids  are  ab?iirbeil  by  thi.  *■;»■:•... !  i: 
in  dirtVreiit  deirrces,  and  each  is  capable  of  diffusing  into  the  <.»thLT.  like  >k-v.-    ■  i 
ahiho!,  thi;  result  will  be  the  formation  of  two  unequal  currents  in  ojp  -'.t-  ii;r.:.- 
ti'tn.-:,     Water  is  absorbed  by  animal   membrane  much   more  ri3»i«l;y  th:  n  :.. -i 
uther  liquids,  and  aeeordinjrly,  when  a  septum  of  this  kind  i.<*  u>fii.  thi-  w--.  •!■:  a 
of  tlio  curnnt  is  in  nupst  cases  from  the  water  to  the  other  liquid.     Av:  ri.nj  :•> 
Lichi'jr.  a  jriven  wci^rht  of  dried  ox-bladder  absorbs  in  the  same  time.  'J'Mi  t.  Llv* 
of  water,  133  vols,  of  a  siturated  solution  of  common  salt.  HS  v.,ls.  of  -i".'  h-    f 
the  strenjrth  of  84  per  cent.,  and  17  vols,  of  bone-oil.     When  waiter  -JLii  a!  ■■ '.  1 
are  sepaiiitcd  by  an  animal  membrane,  the  ijuantity  of  water  which  pa*-?  ::i:.  '. :« 
alenhdl,  is  ^^reater  than  the  quantity  of  alcohol  which  pa>se«<  into  the  wi:.r.  l-n 
when  the  same  liquids  are  divided  by  a  thin  film  of  L*(dl<>di<in,  wli::.»h  ab^  .-t-f 
alcohol  more  quickly  than  water,  the  contrary  effect  is  pnniuced. 

On  tlio  other  hand,  the  numerous  experiments  recently  mnde  by  Mr.  ilriVii.." 
lead  to  the  conclusion,  that  osmose  depends  essentially  on  the  cliOTiiiral  .vt.  n-' 
the  li(|uid  on   the  septum.      These  experiments  were  made  partly  with  r  r  -ij 
mineral  .«»epta,  partly  with  animal  membrane.    The  earthenwan:  i»>i:;..i:n.:' r  m- 
sisted  of  the  porous  cylindci"s  employed  in  voltaic  batlerii-s,  ab»Mil  tiw  i?  -.L'^  ■; 
depth,  surmounted  by  a  glass  tube  0-0  inch  in  diameter,  atlai:h'jd  tn  th-  ru  -A 
of  the  cylinder  by  means  of  a  cap  of  gutta  perch.i.     The  t-ylinder  wns  till-  i  i"  :>e 
ba.<e  nf  the  jrlass  tube  with  a  saline  solution,  and  immediately  plact-l  ia  i  jirf 
distilled  water;  and  as  the  fluid  within  the  instrument  ro.se  durini;  the  exp-  ri;:.'':. 
water  was  added  to  the  jar  to  equalize  the  pressure.     The  rise  fjT  fiii   ^i  r.^ 
liquid  in  the  tube  wa.«*  very  regular,  as  observed  from  hour  to  hour,  and  the  ci;-r!- 
nuMit  was  <:;enerally  terminated  in  five  hours.     From  experiment's  made  ud  *  ia- 
tions  of  every  variety  of  soluble  substance,  it  appeared  that  the  rise  or  r-^^^i*-'.  L* 
quite  insi,L'nilicant  with  neutral  orjranic  substances  in  pencnd,  >uch  as  suiTir.  ai:> 
hoi,  urea,  tannin,  Scv. ;  so  likewise  with  neutral  .«»alt,^  of  the  earths  and  Mriiisi7 
metals,  with  the  chlorides  and  nitrates  of  potassium  and  sodium,  and  with  I'f.i.rif 
of  mercury.     A  more  sensible  but  still  very  moderate  osnjo.*ie  is  exliilirtJ  rj 
liydrochloric,  nitric,  acetic,  sulphurous,  citric,  and  tartaric  aeid«.     Th'.-se  a.--:  mt- 
passeil  by  the  stmn'rer  mineral  acids,  such  as  fjulfiliuric  and  phtv-phnri'j.  aL-l  tr 
sulphnte  <»f  potash,  which  are  ajrain  exceeded  by  salt*  of  potash  and  >'di  pv***- 
ini:  a  diM-ided  aeid  or  alkaline  reaction,  such  as  binoxalate  uf  p«it:ish.  pi.  -ph::  ■- 
s«ida,  or  the  carbtmates  of  potash  and  soda.     The  hiirhly  osuji^tic  .«uli*:2pi.i'*  »"'f 
also  found  to  act  with  most  advant;ijrc  in  small  pniportion-*.  pr^jduvin.:,  in  fait.  :K< 
larirest  osmose  in  tlie  proportion  of  one-cjuarter  per  cent.  di>s4.Ivi  il.    /  t'^ce  j-tj.  T^'';. 
The  same  substances  are  likewise  always  chemically  aetivo  hi m lies,  an  1  p-<-^ 
affinities  which  enable  them  to  act  on  the  material  of  the  can  hen  ware  *":tui. 
]jime  and  alumina  were  always  found  in  solution  after  osnio.><e,  and  the  corr^::3 
of  the  se])tum  appeared  to  be  a  necessary  condition  of  the  flow.     Si-pti  *.•:'  eife^ 
materials,  such  as  pure  carbonate  of  lime,  gypsum,  compressed  chan'-al.  isi 
tanned  solu-leather,  although  not  deficient  in  porosity,  gave  no  i>&ii:o«e,  aprar.'atir 
because  the}'  are  not  chemically  acted  on  by  the  «iline  solutions. 

Similar  results  were  obtained  with  septa  of  animal  membrane.  Ox-hlniiler  «* 
found  to  act  with  much  grt^ator  strength  and  n»gularity  when  dive-ted  nf  i:<  lUtT 
muscular  coat.  (Cotton  calico,  impregnated  with  liquid  albumen,  and  aft'-rwa'^ 
heated  to  ca-igulatc  the  albumen,  formed  an  excellent  septum,  resemblir-'  i.?*-- 
brane  in  every  respect.  The  osmometer  (fig.  231)  Uised  in  the>e  experi'iiinL»«» 
arranged  like  the  original  instrument  of  Dutrochet ;  but  the  membra  do  wj*  «ip 
ported  by  a  plate  of  perforated  zinc,  and  the  tube  was  of  cousidenlle  duiut**'. 

«  Phil.  Trans.  1856,  177;  Cliem.  Soe.  Qn.  J.,  viu.  43. 
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OSMOSE. 

Til.,  one-tenth  of  that  of  the  month  of  tho  bulb,  or  of  the  disc  of  nic 
ezpoicd  to  the  liquids. 

Osmose    in    membniDC    presents    many 

¥)ints  of  siiailiirity  to  that  )□  earthenware. 
he  mcmbruDo  is  cooEtautly  undergoing 
decomposition,  and  its  osmotic  action  is 
ezhauiitiblc.  Salts  and  other  substances 
capable  of  dctcrniiuing  a  large  osmose,  arc 
all  chemically  active  substances,  wliilc  tho 
great  tiifflss  of  neutral  organic  substances 
ud  perfectly  neutral  uiottobasic  salts  of  the 
metals,  such  as  chloride  of  sodium,  posdcsa 
only  a  low  degree  of  action,  or  are  wholly 
inert.  The  active  substances  are  also  most 
efficient  in  small  proportions.*  With  a 
Botution  contaioiDg  -j'q  per  cent,  of  carbo- 
n&to  of  potash,  the  rise  in  tlie  osmometer 
was  1()7  milliDieters ;  and  with  I  per  ccat 
of  the  same  salts,  20U  milliiuetcrs  in  livo 
boors.  With  another  membrane  aud  a 
strouqer  solution,  the  rise  was  Wi  iiiillimc- 
tcrs,  or  upwards  of  'M  inches,  !□  the  samo 
time.  To  induce  osmose,  the  chemical 
■ctioa  on  the  mcmbrauo  must  be  dilTercut 
DU  the  two  sides,  ond  apparently  not  in 
d^^c  only,  but  in  kind,  viz.,  an  alkaline 
action  on  the  albuminous  substance  of  the 
membrane  on  the  one  side,  and  an  acid 
ictioa  on  the  other.  The  water  appears 
ilways  to  accumulutc  ou  the  alkaline  or 
lasic  side  of  the  membraac.  Ileiice,  with 
B  alkaline  salt,  such  as  carbonate  of  soda,  ii    .       . 

)C  flow  is  inwards;  but  with  an  acid  in  the  osmometer,  there  is  negative  osmose, 

'  the  flow  is  inwards,  the  liquid  then  falling  in  the  tube.     The  chlorides  of 

iriuD,  sodium,  and  magnesium,  and  similar  neutral  suits,  are  wholly  indilfercut, 

appear  to  act  merely  in  a  subordinate  mauner  to  some  other  active  aeid  or 

tio  substance,  which  may  be  present  in  tlio  solution  or  tho  membrane  in  the 

at  minute  (juautity.     ^Its  which  admit  of  division  into  a  basic  salt  and  free 

],  exhibit  an  osmotic  activity  of  the  hi<rhest  order,  c.  g.,  the  acetate  and  various 

er  salts  of  alumina,  ferric  oside  and  chromic  oxide,  dichloride  of  copper,  proto- 

iride  of  tin,  nitrate  of  lead,  &c.     The  acid  travels  outwards  by  diffusion,  supcr- 

tcing  a  basic  condition  of  the  inner  surface  of  the  mciubrane,  and  nn  acid 

litioj  of  the  outer  surface,  tiie  most  favourable  condition  for  u  high  positive 

«e.     Again,  the  bibosic  salts  of  potash  and  soda,  such  as  the  sulphate  aud 

ite,  though  strictly  DCutral  in  properties,  begin  to  exhibit  a  positive  osmose, 

Qsequcncc,  perhaps,  of  their  resolution  into  an  acid  supersalt  aud  free  alka< 

>ase. 

)  following  table  cihlbits  the  osmose  of  substances  of  all  classes  through 
TftDC,  the  degree  being  a  rise  or  full  of  one  millimeter : — 

)  action  iDcreiBes  with  Ihe  BtrcDgth  of  the  solulioa  up  to  ft  eertain  point,  as  tbc  above 
II  ahow  (see  also  p.  TtBj.  With  ^Imnger  i<olutiona  the  pores  of  the  iDcmbraiie  probu- 
me  stopped  up  with  puticlcs  of  salt,  and  the  aotioo  aooM^aoutly  ditoinislics. 


1  the  osmometer,  and  water  outside. 
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Osmose  of  1  pxb  Cent.  Solutioxs  ix  BIbxbkaxe. 


••«  ••••••  «••• 


Ox&lic  acid 

Hydrochloric  acid  (0*1  per  cent) 

Tercbloride  of  gold 

Bichloride  of  tin 

Bichloride  of  platinum  . 
Chloride  of  magnesium. 

Chloride  of  sodium 

Chloride  of  potassium  . 

Nitrate  of  soda 

Nitrate  of  siWer «  . 

Sulphate  of  potash 

Sulphate  of  magnesia  . 
Chloride  of  calcium  .... 
Chloride  of  barium  ..... 
Chloride  of  strontium .. 

Chloride  of  cobalt 

Chloride  of  manganese, 


Degrees. 

—  148 

—  92 

—  64 

—  46 

—  80 

—  8 
2 

18 


+      2 


84 
21  to  GO 
14 
20 
21 
26 
26 
84 


Chloride  of  zinc ^ 

Chloride  of  nickel 

Nitrate  of  lead  « .,  li'i 

Nitrate  of  cadmium 

Nitrate  of  uranium  ......  ....^.  234 

Nitrate  of  copper 

Chloride  of  copper „ 

Protochloride  of  tin  

Protochloride  of  iron 

Chloride  of  mercury 

Mercurous  nitrate ^ ...... 

Mercuric  nitrate 

Ferric  acetate 

Acetate  of  alumina 2S0 

Chloride  of  aluminium 

Phosphate  of  soda 

Carbonate  of  potash 


to  I  .9 

^.) 
ns 

:;i 

r.i 

4J 


Tbc  osmotic  action  of  carbonate  of  potash  and  other  alkaline  s.tltj«  is  int^ctei 
vith  in  an  extraordinary  manner  by  the  presence  of  chloride  of  Sodium,  UIl;:  n* 
duced  to  almost  nothing  by  an  equal  proportion  of  that  salt.  The  miiderau'  p^ 
tive  osmose  of  sulphate  of  potash  is  converted  into  a  very  sensible  nepitivc  o^ai  ji 
by  the  presence  of  the  merest  trace  of  a  strong  acid,  while  the  positive  mta^fii  J 
the  same  salt  is  singularly  promoted  by  a  small  proportion  of  alkaline  carl'^ut^: 
thus  a  1  per  cent,  solution  of  sulphate  of  potash  gives  an  osmose  of  21  JcjrMk 
but  the  addition  of  0-1  per  cent,  of  carbonate  of  potash  raises  it  to  botwc.a  1^ 
and  264  degrees.     (Graham.) 

If  a  glass  tube,  bent  in  the  form  of  a  siphon,  and  having  its  shorter  le;  cIomI 
with  bladder,  be  partially  filled  with  salt-water,  the  shorter  leg  then  imracr^-i  ia 
a  vessel  of  pure  water,  and  mercury  poured  into  the  lunger  log,  so  that  lt»  [i^ 
sure  may  act  in  opposition  to  the  force  with  which  the  water  tends  to  cnu-r  'Jk 
saline  solution  through  the  bladder,  it  will  be  found  that,  when  the  cul^iua  i 
mercury  attains  a  certain  height,  the  two  liquids  will  mix  withnut  cIul.:^  fi 
volume,  the  force  of  the  osmotic  current  beini^  then  exactlv  balanced  bv  tiio  w  •  jil 
of  the  mercunal  column.  In  this  way  the  mechanical  force  of  the  i^isciixic  ^:s^ 
rent  may  be  measured.     (Liebig.) 

Osmose  appears  to  play  an  important  part  in  the  functions  of  life.  ^V  Is^i 
seen  that  it  is  peculiarly  excited  by  dilute  saline  solutions,  .«uch  as  the  ariini:tl  i»l 
vegetable  juices  are,  and  that  the  acid  or  alkaline  property  wliich  tL^s-e  j^^ 
po!?sess  is  another  favourable  condition  for  their  action  on  membrane.  The  mved 
excitation  of  osmose  in  the  substance  of  the  membranes  or  cell- walls  dividini:  foA 
solutions  seems  therefore  almost  inevitable. 

In  osmose  there  is  also  a  remarkably  direct  substitution  of  one  of  ih?  mt 
forces  of  nature  by  its  equivalent  in  another  force,  the  cunvorsion.  cjuitN.'^ 
chemical  action  into  mechanical  power.  Viewed  in  this  liirht,  the  osmotic  ii}f> 
tion  of  fluids  may,  perhaps,  supply  the  deficient  link  which  intfr^ouos  Uzvvn 
chemical  decomposition  and  muscular  movement.  The  assent  uf  the  scip  in  f^ 
appears  to  depend  upon  a  similar  conversion  of  chemical,  or.  at  leas*..  Livleiiik 
action  into  mechanical  force.  The  juices  of  plants  are  constantly  periair.sin:di 
coatings  of  the  superficial  vessels  in  the  leaves  and  other  ortj:an> ;  and  tL 
evaporating  into  the  air,  a  fresh  portion  of  liquid  is  then  absorbed  by  the 
brane  and  evaporates;  and  thus  a  regular  upward  current  is  estublishtxl,  bjvUi 
the  sap  is  transferred  from  the  roots  to  the  highest  parts  of  the  tree.  In  a  aeik 
manner,  the  evaporation  constantly  taking  place  from  the  skin  and  Iobci  ^ 
animals,  causes  a  continuous  flow  of  the  animal  juices  from  the  interior  tovtf^f 
the  Bur&ce. 
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DIFFUSION   OF  GASES   THROUGH   POROUS   SEPTA. 

It  appears  from  Mr.  Graham's  experiments  (p.  88),  that  the  rates  of  diffusion 
of  gases  tltrough  porous  diaphrnpcms,  such  as  dry  gypsum,  cork,  unglazcd  earthcn- 
irare,  or  bladder,  are  to  one  another  in  the  inverse  ratio  of  the  squares  of  their 
densities,  the  law  being,  in  fact,  the  same  as  that  of  the  effusion  of  the  same  gases 
into  a  vacuum  through  minute  apertures  in  a  metal  plate  (p.  83).  Bunsen  has 
arrived  at  a  different  conclusion.'*'  He  finds,  for  example,  that  when  a  tube  con- 
taining hydrogen  is  closed  by  a  dry  gypsum  diaphragm,  and  a  current  of  oxygen 
passed  rapidly  over  the  diaphragm,  so  that  the  hydrogen  may  diffuse  into  an  in- 
finite atmosphere  of  oxygen,  the  volume  of  oxygen  which  enters  the  tube  is  to 
the  volume  of  hydrogen  which  issues  from  the  tube,  as  1  : 3-345,  this  ratio  re- 
maining constant  during  the  whole  time  of  the  diffusion.  The  law  of  the  inverse 
square  roots  of  the  densities  would  give  1  :  4.  Again,  when  oxygen  was  made  to 
pass  through  stucco  into  oxygen,  and  hydrogen  into  hydrogen,  by  difference  of 
pressure,  it  was  found  that,  under  the  same  pressure,  the  rate  of  issue  of  the 
oxygen  was  to  that  of  the  hydrogen  as  1  :  2-73  instead  of  1 : 4.  These  differences 
are  too  great  to  be  accounted  for  by  error  of  observation ;  they  probably  arise 
from  the  circumstance,  that  Graham's  experiments  were  made  with  thin  diaphragms^ 
whereas  Bunsen  used  diaphragms  of  considerable  thickness,f  in  which  case,  the 
rates  of  diffusion  would  approximate  to  the  rates  of  transpiration  (p.  85)  rather 
than  to  those  of  effusion.  The  rate  of  transpiration  through  a  mass  of  porous 
Stucco  was  ascertained  by  ]\Ir.  Graham  to  be  the  same  as  through  capillary  tubes, 
namely,  1  volume  of  oxygen  to  2  3  volumes  of  hydrogen.  In  the  interior  of  a 
considerable  mass  of  stucco,  with  hydrogen  on  one  side  and  oxygen  on  the  other, 
the  stucco  acts  as  a  vessel,  a  partial  vacuum  being  formed  in  its  centre.  To  this 
point,  both  oxygen  and  hydrogen  are  impelled  by  pressure  (transpiration)  in  the 
ratio  of  1  to  2-3,  inst^^ad  of  1  to  4,  the  relation  of  diffusion.  Hence  the  oxygen 
travels  through  the  diaphragm,  partly  in  one  of  these  ratios  and  partly  in  the 
other,  and  the  proportion  of  oxygen  which  enters  the  vessel  is  increased,  as  in 
Bunsen's  experiments.^ 


DEVELOPMENT  OF  HEAT  BY  CHEMICAL  ACTION. 

From  the  time  when  Lavoisier  pointed  out  the  true  nature  of  the  phenomenon 
of  combustion,  the  measurement  of  the  heat  evolved  in  chemical  combination  has 
occupied  a  prominent  place  in  the  attention  of  chemists,  and  has  been  made  the 
subject  of  numerous  researches,  the  most  exact  and  comprehensive  of  which,  are 
those  of  Messrs.  Favre  and  Silbermann,  and  of  Dr.  Andrews. § 

The  apparatus  used  by  Favre  and  Silbermann  for  measuring  the  heat  evolved 
\}j  the  combustion  of  various  substances  in  oxygen  gas,  is  represented,  with  the 
ombsion  of  minor  details,  in  figure  232.  (7  is  a  vessel  of  gilt  brass  plate,  im- 
mersed in  a  water-calorimeter,  A  Ay  of  silvered  copper-plate,  and  the  latter  is 
enclosed  in  an  outer  vessel,  B  B,  the  space  between  A  and  B  being  filled  with 

•  See  Bunsen*8  *'  Gaaometry,"  translated  by  Dr.  Roscoe,  pp.  198 — 233. 
f  Cornpnre  the  figure  at  poge  88  of  this  work,  with  figare  63,  p.   202,  of  Bunsen's 
«•  Gasometry." 
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swan-Ji 
and  B 
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toprcTtfut  ibfl  escape  of  heat  from  tbvnUrla  J.  Tbna&i 

closed  with  lids  httTUig  apitriarw  for  tbt'  in^ni^m  uf  i:'--  r>i 
lliermonieton.    T!icri':i.-.L 
tho  vessel  C,  Intoniiic'i 
tbrougb  tto  tube  c  >/,  ^;i  ■ 
tho  conibuslion  rawpc  L.j  .ll^  ... 
IdiTcr  p-irt  of  which  u  Uoi  ini*  uiw'    ■  ■  '■ 
to  facilitolfl  as  mnflh  u  poiahlt.  ih  ir^    -  .= 
of  IhL  bi«t  of  lilt*!'  p     1   iti  ' 
calonmctiT    ThHeiir 
DLttcd  wilb  Bgiwrn  1 
paratuK     To  enenn  i 
the  wilier  a  flit  nnp 
down  by  nwuih  of  iht  jA  \ 
piscH  were  introdnoeii  mt"  'li*  '^ 
of  finu  tul>c3  Iho  pi  boing  pnvi 
at  the  apartare     hohd  budio  « 
fine  plsunara  wires  siapcndfd  fraw  w  ^ 
caloniDctir   InimJa  wtrs  homed  m  iwH , 
or  111  lamp'  with  n^bcstw  witb  "m™*  J 
pused  in  a  l»yer  on  »  am  fuwed  bowoji 
[bTopenin^-a  of  which  the  oiys;"  W" 
It     Tlia«ite7olrtdTOiincuW«ijjlf* 
ICDiptrilure  of  tho  known  <inMtilI«(" 
culontottcr  -—A 

in?  of ' 

nnil  havii 

ciiitiun  '' 

acid  nod  ■-  ■--    -  - 

n,ercurj-inlhogJ)l«« 

tl,o  beot  tube  ft,  wlMi  " 

lubo  cd,-OT>  wiucb  If 

,„c«iured,    Th«  .p(«v^^ 

ftc-t,aUrgc»«TanUa* 

of  ffotor  from  0'  to  1°  C  _^ 


MSt 

18168 
II8M 
11943 


pantna  niny  li-  ua'-<^ 
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With  8  gr.  Oxygen.        "With  86-5  gr.  CI. 

1  gramme  of  hydrogen 34462 23783 

82-6       "        zinc 42413 49844 

81-7        "        copper 19147 30464 

29  "        tin  (to  SnO  and  SnCl.) 33843 31291 


The  numbers  in  this  Table  do  not  exhibit  any  simple  relation  to  each  othcr^  so 
that  no  conclusion  can  be  drawn  from  them  as  to  the  quantity  of  heat  evolved  or 
absorbed  in  the  substitution  of  chlorine  for  oxygen,  or  of  one  metal  for  another 
in  combination  with  either  of  these  elements.  Here,  as  in  other  cases,  the 
difference  in  the  state  of  aggregation  doubtless  interferes  with  the  constancy  of 
action  which  might  otherwise  be  observed.  The  amount  of  interference  arising 
from  this  cause  is  much  diminished  when  compounds  are  compared  in  the  state 
of  aqueous  solution  ;  and  accordingly  it  is  found  that,  when  the  quantities  of  heat 
evolved  by  the  combination  of  different  bases  and  acids  (or  metals  and  nidicals), 
in  the  form  of  soluble  salts,  are  compared,  numbers  are  obtained  which  exhibit  a 
tolerably  near  approach  to  regular  progression. 

The  following  Table  exhibits  the  number  of  units  of  heat  evolved  by  equiva- 
lent quantities  of  different  bases  in  combining  with  various  acids^  as  determined 
bj  Favre  and  Silbermann  :  — 


Potash 

Soda 

Oxide  of  ammonium. 

Baryta , 

Lime 

Magnesia 

Manganoas  oxide .. .. 

Zinc-oxide 

Cadmic  oxide 

Capric  oxide 

Nickel-oxide 

Cobaltous  oxide 

Lead-oxide 

SiWer-oxide 


Adds. 


Sul- 
phuric. 


16083 
10810 
14090 


14-1'10 
12075 
10455 
10240 
7720 
11082 
11780 


Nitric 


15510 

15283 

13676 

15360 

10948 

12840 

10B50 

8323 

8116 

6400 

10450 

0950 

0240 

6206 


Hydro- 
chloric. 


15650 

15128 

1.'5536 

15300 

16982 

13220 

11235 

8307 

8109 

6416 

10412 

10374 


Iljdro- 

bromic. 


Hy. 

driodic. 


15510 
15159 


15698 
15097 


AceUe. 


13978 

13600 

12649 

13262 

14675 

12270 

9982 

7720 

7546 

5264 

9245 

9272 

7168 


A  comparison  of  these  numbers  shows  that  nitric,  hydrochloric,  hydrobromic, 
Axid  hydriodic  acids,  in  combining  with  the  same  base,  evolve  nearly  equal  quan- 
'^'tics  of  heat ;  sulphuric  acid  a  considerably  greater,  and  acetic  acid  a  smaller 
intity.  Among  the  bases,  the  alkalies  evolve  the  greatest  quantity  of  heat  in 
mbinmg  with  any  acid.  In  general,  it  appears  that  the  greatest  heat  is  evolved 
the  combination  of  the  strongest  acids  with  the  strongest  bases. 
The  corresponding  terms  of  any  two  horizontal  rows  in  the  preceding  table 
iliibit,  in  some  cases,  nearly  equal  differences ;  and  the  same  is  true  with  regard 
the  corresponding  terms  of  any  two  vertical  rows.  If  these  diflferences  were 
^oiistantly  equal,  it  would  follow  that  the  quantities  of  heat  evolved  or  absorbed 
J^  the  substitution  of  a  base  a  for  a  base  h  (potash  for  soda,  for  example),  would 
*><»  the  same  with  whatever  acid  the  base  were  united ;  and,  similarly,  the  heat 
I^V'olved  or  absorbed  in  the  substitution  of  one  particular  acid  for  another,  would 
^®  independent  of  the  bases.  The  actual  differences,  however,  deviate  too  much 
-*I"Oin  this  law  to  warrant  its  reception  as  an  expression  of  the  results  of  observu- 
^^^-n.  Nevertheless,  thete  is  a  considerable  degree  of  d  priori  probability  in  its 
oar;  and  the  observed  deviations  from  it  may  perhaps  arise  from  disturbing 
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causes,  such  as  the  different  quautities  of  heat  absorbed  in  the  Folution  of  salts, 
&c.     How  far  this  is  the  case,  remains  to  be  decided  by  farther  ezpcrimecto. 

Heat  is  likewise  evolved  in  the  combination  of  acids  with  water.  The  following 
arc  the  quantities  of  he^it  developed,  according  to  Favre  and  SilUmmiD^  bj 
mixing  sulphuric  acid^  SO4H,  with  various  proportions  of  water. 

Heat-units.  Diffcreoen 

With  the  first        I  atom  water 94)     r..* 

second    i         "         8»)     ""^ 

first        1         "         1SS(     |., 

second    }         "         17  2)     ^"^ 

first        i         « 36-7>     c, 

second    J         «         2S-3J    "* 

1         "         64T.  .^.^ 

2      "      04  0  r.^ 

**  IIIJS    %.'..> 

A  «  !.>•>. O  J    *■'» 

5  "         ISO-Tj    :? 

6  «         130  2}    l^ 

7  "         141-8*    t't 

8     ^-     1451 1  ?:i 

9         "         14S.5      ^.^ 

10         "         14S-4      ^ 

20         «         148-65    ^^ 

These  numbers  show  that  the  heat  evolved  by  adding  a  given  quantity  of  nta 
to  hydrated  sulphuric  acid^  diminishes  as  the  quantity  of  water  already  prcseot  ii 
greater. 

Heat  evolved  hy  the  solution  ofgas€$  in  icatcr, — When  a  gas  di«sulves  in  i^ilff, 
heat  is  evolved,  partly  in  consequence  of  the  chemical  combination^  and  partir 
from  the  condensation  of  the  gas  to  the  liquid  state.  According  to  Favrc  as) 
Silbcrmann : — 

Heat-usiti 

1  gramme  of  hydrochloric  acid  gas  dissolved  in  water  evolves 44'.^ -6 

1  "  hydrobromic       "  "  "     2o.i^ 

1  "         hydriodic  "  "  «     147: 

1  "         sulphurous         "  "  "     1204 

1  "         ammoniacal  gas  "  "     514  3 

The  heat  evolved  varies,  however,  according  to  the  quantity  of  water  in  wUck 
a  given  quantity  of  the  gas  dissolves. 

Solution  of  salts,  dr.,  in  ira^r. — The  calorific  effect  produced  by  the  sofoDfli 
of  a  solid  in  a  liquid,  depends  upon  several  circumstances ;  viz.  on  the  chemiol 
affinity  between  the  two,  on  the  quantity  of  heat  absorbed  in  the  passage  of  ikl 
solid  to  the  liquid  state,  on  the  quantity  of  the  solvent,  and  ou  the  tt^mpentti 
at  which  the  solution  takes  place.  The  result  is,  in  most  cases,  an  abwrpdiv  of 
heat  or  reduction  of  temperature;  in  some  cases,  however,  ad  when  the  acl  flf 
solution  is  preceded  or  accompanied  by  the  formation  of  a  definite  hydn*.e«lki 
effect  may  be  reversed.  The  combination  of  anhydrous  potash  with  water  to  ta 
the  hydrate  KO.UO,  is  attended  with  a  rise  of  temperature  sufficient  to  pivdiM 
incandescence;  the  hydrate  KO.HO  likewise  evolves  a  considerable  quantiiyrf 
heat  on  dissolving  in  water,  because  it  first  combines  with  a  definite  pNpcrtNi 
of  water,  forming  the  hydrate  KnO|.4IIO;  but  the  solution  of  this  latter  o» 
pound  in  water  produces  a  considerable  fall  of  tempcratute.  Anhydnms  chl^^ 
of  calcium  combines  with  water^  forming  the  hydrate  CaC1.6H0|  the  copbititi* 


J 
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being  attended  with  great  evolution  of  heat ;  but  the  solution  of  the  hydrate  in 
water  produces  cold. 

The  absorption  of  heat  accompanyin<;  the  solution  of  salts  is  not  wholly  due  to 
the  liquefaction  of  the  solid;  for  the  heat  thus  absorbed  in  solution  is  somotimca 
greater,  sometimes  less  than  when  the  salt  is  liquefied  by  heat  alone.  Thus,  in  i 
the  fusion  of  1  gramme  of  nitrate  of  potash,  49  heat-units  are  rendered  latent; 
bat  when  the  same  salt  is  dissolved  in  20  parts  of  water,  at  20°  C,  80  heat-units 
are  absorbed.  The  latent  heat  of  fusion  of  crystallized  chloride  of  calcium  is  41 
heat-units;  but  when  this  hydratcd  salt  dissolves  in  12  parts  of  water  at  S°  C.| 
only  19  heat-units  are  absorbed.     (C.  Person.*) 

The  following  results  are  extracted  from  Person's  determinations  of  the  in- 
fluence of  the  temperature  and  quantity  of  the  solvent  on  the  quantity  of  heat 
absorbed :  — 


Name  of  Salt 


Chloride  of  sodlam 1  gramme-! 

Nitrate  of  soda m...  **       < 


Nitrate  of  potash.. 


c< 


Quantity  of 
Wnter. 

Temperature. 

UnitH  of  Heat 
atworbed. 

7-28 

171  C. 

13-5 

7-28 

10-3 

14-9 

7-28 

0-2 

18-7 

6 

22-7 

47-1 

20 

22-8 

65-7 

10 

23-8 

76-7 

10 

6-6 

80-2 

20 

5-7 

86-4 

20 

19-7 

80-5 

Hence  it  appears  that  when  a  given  quantity  of  a  salt  is  dissolved  in  the  same 
quantity  of  water  at  different  temperatures,  the  quantity  of  heat  absorbed  is 
greater  as  the  initial  temperature  is  lower;  and  at  the  same  temperature,  the 
quantity  of  heat  absorbed  increases  with  the  quantity  of  the  solvent.  A  fall  of 
temperature  is  sometimes  produced  by  merely  diluting  a  solution  with  water. 
(Person). 
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The  reparation  of  any  tico  hodifis  ts  attended  with  Hie  absorption  of  a  quantity 
oflieai  equal  to  that  which  is  ei'olvcd  in  their  combination.  The  truth  of  this 
proposition  has  been  established  by  Dr.  Woodsf  and  Mr.  Joule,J  by  con)paring 
the  heat  evolved  in  the  electrolysis  of  water,  with  that  which  is  developed  in  a 
thin  metallic  wire  by  a  current  of  the  same  strength.  The  current  was  first  made 
to  pass  through  a  vessel  containing  acidulated  water,  the  quantity  of  gas  evolved 
in  a  given  time  determined,  and  also  the  rise  of  temperature,  the  strength  of  the 
current  being  at  the  same  time  measured  by  the  tangent-compass  (p.  679).  The 
electrolytic  cell  was  then  removed,  and  a  thin  platinum  wire  introduced  between 
the  poles,  of  such  a  length  as  to  produce  a  resistance  equal  to  that  of  the  electro- 
lyte. The  quantity  of  heat  evolved  in  this  wire  was  then  determined,  and  found 
to  exceed  that  which  was  previously  evolved  in  the  electrolytic  cell,  by  a  quantity 
equal  to  that  which  would  be  evolved  in  the  combination  of  the  oxygen  and 
hydrogen  eliminated  by  the  current  in  the  previous  experiment. 

The  same  proposition  is  likewise  established  by  many  other  chemical  pheno- 
mena. When  zinc  dissolves  in  dilute  sulphuric  acid,  the  action  may  be  supposed 
to  consist  of  three  stages,  viz.,  the  decomposition  of  water,  the  formation  of  oxide 
of  zinc,  and  the  combination  of  the  oxide  of  zinc  with  sulphuric  acid^  forming 
ZnO .  SOj.    Now : 


♦  Ann.  Ch.  Phyfl.  [8],  xxxiii.  448. 
t  Phil.  3Iog.  [4],  lii.  481. 


t  Phil.  Mag.  [4],  iL  86a 
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IlMl-VBitS. 

The  heat  evolved  in  the  oxidation  of  1  atom  or  32  *G  parts  of  xinc.  «3  42413 
The  heat  evolved  in  the  conihination  of  1  atom  or  40-G  parts  oxide 
of  zinc  with  sulphuric  acid,  in  presence  of  a  large  quantity  of 
water  (p.  755) =  lOl.vi 

Sumt =  52>oS 

Deducting  from  this  the  heat  evolved  in  the  combination  of  1  atom 

or  1  gramme  of  hydrogen  with  oxygen =  34402 

There  remains  for  the  heat  evolved  in  the  entire  process 1  S40o 

which  agrees  very  nearly  with  the  quantity  determined  by  direct  experiment,  rii. 
18,514  heat-units. 

Again,  when  metallic  oxides  are  reduced  by  hydrogen,  the  heat  evolved  b  «« 
so  great  as  when  the  same  quantity  of  hydrogen  combines  with  free  oitscii, 
because  it  is  diminished  by  the  heat  absorbed  in  the  separation  of  the  oxyzea  ud 
the  metal. 

The  reduction  of  oxide  of  iron  by  hydrogen  takes  place  without  much  evblntioa 
of  heat,  because  the  heat  evolved  in  the  combination  of  1  grm.  of  oxy<!en  vith 
hydrogen,  viz.  4308  heat-units  (p.  752),  is  not  much  greater  than  that  which  ii 
evolved  when  the  same  quantity  of  oxygen  combines  with  iron,  viz.  4134  hot- 
units.  But  the  reduction  of  oxide  of  copper  is  attended  with  a  rise  of  tempea- 
turc  amounting  to  incandescence,  because  the  heat  evolved  in  the  oxidatioo  of 
hydrogen  greatly  exceeds  that  which  is  evolved  in  the  oxidation  of  copper,  whidk 
is  only  2393  heat-units. 

The  absorption  of  heat  in  decomposition  is  also  demonstrated  by  the  fict  thit 
DO  alteration  of  temperature  takes  place  in  the  double  decomposition  of  saki,  pr> 
vided  all  the  products  remain  in  solution ;  in  fact,  the  heat  evolved  in  the  coo- 
binations  is  exactly  compensated  by  the  cold  produced  by  the  dccompoeidoa 
which  take  place  at  the  same  time.  But  if  a  precipitate  is  formed,  heat  is  evolTcd 
in  consequence  of  the  passage  of  the  compound  from  the  liquid  to  the  solid  stiK. 

There  arc  some  phenomena  which  appear  to  contradict  the  assertion  that  hett 
is  always  absorbed  in  chemical  decomposition.  The  decomposition  of  some  of  the 
oxides  of  chlorine,  and  of  the  chloride  and  iodide  of  nitrogen,  is  attended  with 
evolution  of  heat.  It  has  also  been  shown  by  Favre  and  Silbermann,  that,  ia  the 
combustion  of  charcoal  in  nitrous  oxide,  more  heat  b  evolved  than  when  chixroJ 
burns  in  pure  oxygen ;  and  that  the  decomposition  of  peroxide  of  hydrogen  bj 
platinum  is  attended  with  considerable  rise  of  temperature.  These  appareot  la^ 
malics  may,  however,  be  reconciled  with  the  general  law,  if  we  admit  that  aD 
chemical  actions  may  be  regarded  as  double  decompositions  (pp.  090,  €911 
Thus,  in  the  last  case,  regarding  peroxide  of  hydrogen  as  water  plus  oxygen,  the 
decomposition  may  be  represented  by  the  equation :  — 

HO.O-f  H0.0  =  2H0  +  00. 

And  it  is  possible  that  the  heat  evolved  in  the  combination  of  o:n^n  with  oxjgct, 
may  be  greater  than  that  which  is  absorbed  in  the  separation  oi  the  oxygen  ftm 
the  water;  and  similarly  in  the  other  cases. 
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NON-METALLIC  ELEMENTS. 

OXTGEN  AND   HTDROGEN. 

Extraction  of  Oxygen  from  Atmospheric  air,  —  Boussinpault  has  shown*  that 
it  is  possible  to  obtain  oxygen  gas  in  considerable  quantity  from  the  air  by  the  use 
of  baryta,  that  substance  absorbing  oxygen  from  the  air  at  a  low  red  heat,  and 
being  converted  into  peroxide  of  barium,  and  the  latter^  when  raised  to  a  higher 
temperature,  —  or  still  more  easily  when  exposed  to  a  current  of  aqueous  vapour, 
—giving  up  its  second  atom  of  oxygen  in  the  free  stutc.  The  apparatus  used  con- 
sists of  a  tube  of  porcelain  or  glazed  earthenware,  communicating  at  the  one  end, 
by  means  of  smaller  tubes  provided  with  stopcocks,  with  an  aspirator  and  a  gas- 
holder, and  at  the  other  with  the  external  air  and  also  with  a  steam-boiler.  The 
tube  is  filled  with  hydrate  of  baryta,  —  mixed  with  lime  or  magnesia  to  diminish 
its  fusibility,— and  heated  to  low  redness,  a  current  of  air  being  at  the  same  time 
drawn  through  the  tube  by  the  aspirator.  The  hydrate  of  baryta  is  thereby  con- 
verted into  peroxide  of  barium  )  and  when  the  oxidation  has  proceeded  far  enough^ 
the  current  of  air  is  suspended,  a  jet  of  steam  sent  through  the  tube,  and  at  the 
same  time  the  connection  with  the  gas-holder  is  opened ;  the  peroxide  of  barium 
is  then  reconverted  into  hydrate  of  baryta,  and  the  excess  of  oxygen  passes  into 
the  gas-holder.  The  hydrate  of  baryta  may  now  be  reoxidized  by  a  fresh  current 
of  air,  the  resulting  peroxide  again  decomposed  by  vap(  ur  of  water, — and  this 
series  of  operations  may  be  repeated  any  number  of  times.  Boussingault*s  first 
experiments  were  made  with  anhydrous  baryta,  which  likewise  absorbs  oxygen 
when  heated  to  low  redness  in  a  current  of  air,  and  gives  it  up  again  at  a  bright 
red  heat.  It  was  found,  however,  that  the  baryta,  after  one  or  two  repetitions  of 
the  process,  lost  in  a  great  measure  its  power  of  absorbing  oxygen.  In  fact, 
bar3rta,  when  really  anhydrous,  shows  but  little  inclination  to  absorb  oxygen  ;  it  is 
only  the  hydrate  that  is  readily  converted  into  Ba02.  Now  baryta,  when  pre- 
pared in  the  ordinary  way,  by  calcining  the  nitrate,  always  contains  a  little  water, 
which  facilitates  the  absorption  of  the  oxygen ;  but  after  being  heated  two  or  three 
times  in  a  current  of  dry  air,  it  becomes  really  anhydrous,  and  is  then  no  longer 
oxidized.  The  use  of  hydrate  of  baryta  is  therefore  much  more  advantageous, 
both  for  the  reason  just  stated,  and  likewise  because  the  decomposition  of  the  per- 
oxide by  vapour  of  water  takes  place  at  a  much  lower  temperature  than  bv  simple 
ignition.     The  process  in  this  form  is  adapted  for  use  on  the  large  scale. f 

Ozone  (p.  232).  —  The  nature  of  ozone  is  still  a  matter  of  discussion.  That  it 
is  a  higher  oxide  of  hydrogen  was  first  suggested  by  Professor  Williamson,!  who 
passed  ozoniferous  oxygen,  obtained  by  electrolysis,  first  over  chloride  of  calcium 
to  dry  it,  and  then  through  a  glass  tube,  in  which  it  was  either  heated  by  a  spirit- 
lamp  or  brought  in  contact  with  finely  divided  copper  at  a  red  heat.  The  ozone 
was  thereby  decomposed  and  deprived  of  its  odour,  and  water  was  deposited.   The 

*  Compt.  rend,  xxxii.  261 ;  Ann.  Ch.  Phye.  [3],  xxx.  6 ;  Chem.  8oo.  Qu.  J.  v.  209. 

f  A  patent  for  the  preparation  of  oxygen  in  this  manner,  and  its  application  in  various 
ehemicul  operations,  has  been  taken  out  by  Messrs.  Swindells  and  Nicholson.  (Chem.  Qaz. 
1855,  139). 

{  Ann.  Ch.  Pharm.  liv.  127.  This  view  was  afterwards  adopted  by  Schdnbein  (Pogg,  Ann, 
IxYii.  78),  but  he  has  since  abandoned  it,  inolining  rather  to  regard  ozone  as  an  allotropio 
modification  of  oxygen  {Ann.  Ch,  Pharm,  IxxxiL  232 ;  /.  pr,  Chem,  liiL  65). 
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then  combines  with  the  elements  of  water,  forming  the  true  ozone  HOa,  and  that 
to  this  the  odoor  and  oxidizing  actions  are  really  duo. 

Ozone,  formed  by  the  slow  oxidation  of  phosphorus  in  the  air,  exhibits  the 
same  characters  as  that  which  is  obtained  by  electrolysis  of  water,  &c.  Ozone 
thus  produced  is  generally  regarded  as  merely  allotropic  oxygen ;  but  as  water  is 
always  present  in  in  its  formation,  it  may  also  be  a  peroxide  of  hydrogen,  like  the 
ozone  obtained  from  electrical  sources.* 

According  to  Schonbein,  many  other  substances  besides  phosphorus  possess  the 
power  of  inducing  the  formation  of  ozone.  Thus,  ether,  oil  of  turpentine,  oil  of 
lemons,  linseed  oil,  alcohol,  wood-spirit,  various  vegetable  acids,  sulphuretted 
hydrogen,  arseniurettod  hydrogen,  and  sulphurous  acid,  in  contact  with  air  or 
oxygen  gas,  and  under  the  influence  of  light,  acquire  the  power  of  decolourizing 
indigo,  and  producing  various  oxidizing  actions.  A  similar  influence  is  exerted 
by  mercury  and  other  noble  metals  in  the  finely  divided  state ;  and  stibcthyl  is 
found  to  be  a  more  powerful  ozonizer  than  even  phosphorus  itself. 

Houzeau  has  shownf  that  active  oxygen  may  be  obtained  by  the  action  of 
strong  (monohydrated)  sulphuric  acid  on  peroxide  of  barium.  The  gas  thus 
evolved  has  a  very  powerful  odour,  and  a  taste  like  that  of  the  lobster ;  it  rapidly 
decolourizes  blue  litmus  paper;  oxidizes  silver;  burns  ammonia  spontincously, 
transforming  it  into  nitrate  of  ammonia ;  instantly  burns  phosphurettcd  hydrogen 
(the  less  inflammable  variety,  p.  326)  with  emission  of  light;  decomposer  hydro- 
chloric  acid,  setting  the  chlorine  free ;  is  a  powerful  oxidizing  and  chlorinizing 
agent ;  is  stable  at  ordinary  temperatures,  but  loses  its  peculiar  properties  when 
heated  to  75^  C.  In  all  these  respects  it  differs  essentially  from  ordinary  oxygen ; 
in  fact  it  exhibits  the  properties  of  ozone.  Active  oxygen  may  also  be  obtained 
from  other  bodies  besides  the  peroxide  of  barium.  Oxygen  in  the  combined 
State  appears,  indeed,  to  possess  the  intensified  power  which  distinguishes  freo 
oxygen  in  the  nascent  state. 

The  nature  of  ozone  has  also  been  investigated  by  Dr.  Andrews,J  who  has 
arrived  at  the  conclusion  that  electrolytic  ozone,  as  well  as  that  obt:iincd  from 
other  sources,  is  nothing  but  active  oxygen.  The  excess  of  the  weight  of  ozone 
in  Baumert's  experiments,  over  that  of  the  active  oxygen,  is  attributed  by 
Andrews  to  the  presence  of  a  small  quantity  of  carbonic  acid,  which  he  states  is 
always  mixed  with  the  gases  resulting  from  the  decomposition  of  water,  unless 
especial  precautions  be  taken  to  get  rid  of  it,  and  being  absorbed  by  the  potash 
resulting  from  the  decomposition  of  the  neutral  solution  of  iodide  of  potassium, 
increases  the  weight  of  the  apparatus,  and  consequently  produces  an  apparent  in- 
crease in  the  quantity  of  ozone  absorbed. 

To  obviate  this  supposed  source  of  inaccuracy,  Andrews,  using  an  apparatus 
Bimilar  to  that  of  Baumcrt,  acidulated  his  solution  of  iodide  of  potassium  with 
hydrochloric  acid;  and,  in  five  experiments,  in  which  29  litres  of  the  ozoniforous 
gas  were  passed  through  the  apparatus,  obtained  an  increase  of  weight  in  the 
absorption-bulbs,  that  is  to  sa^^,  a  quantity  of  ozone  —  amounting  to  0*1179  grm., 
while  the  quantity  of  active  oxygen,  estimated  according  to  the  quantity  of  iodine 
separated,  was  01178  grm.  From  this  result,  Andrews  concludes  that  ozone  is 
nothing  but  an  active  form  of  oxygen. 

In  another  series  of  experiments,  in  which  electrolytic  ozone  was  decomposed 
by  heat,  and  the  gas  subse(|uently  passed  over  strong  oil  of  vitriol  and  anhydrous 
phosphoric  acid,  not  a  tnico  of  water  could  be  discovered.  Andrews  has  lilcewiso 
confinued  the  result  obtained  by  other  experimenters  that  pure  dry  oxygen  ac- 
quires peculiar  active  properties  by  the  action  of  the  electric  spark ;  and  by  com- 
paring the  properties  of  ozone  ootained  from  various  sources,  he  concludes  that 

*  Williamson,  Ann.  Ch.  Phnrm.  Ixi.  82.  f  Compt.  rend.  xL  947. 
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ozone  in  whatever  manner  produced,  is  essentially  the  same,  consistins;  in  iiet  of 
allotropic  oxygen. 

On  the  other  hand,  Baumert*  denies  the  existence  of  carbonic  acid  is  the 
ozoniforous  gas  which  he  obtiiined  by  electrolysis,  inasmuch  as  the  tktir.lTte 
used,  water  acidulated  with  sulphuric  and  chromic  acid,  could  scaroeK  &b«  >rb  i 
sufficient  quantity  of  carbonic  acid  to  account  for  the  results  ubtained.     lie  ic^re- 
over  attributes  the  carbonic  acid  which  Andrews  obtained,  to  the  oxidixiD::  Lcti-.-n 
of  the  ozone  on  the  diaphragm  of  bladder  with  which  the  primitive  cull  uf  the  de- 
composing apparatus  was  closed.     13aumert  find.s,  indeed,  that  when  a  diaphn-js 
of  bladder  is  used  for  this  purpose,  carbonic  acid  is  actu:illy  produced  ;  list  wL^ 
a  diaphragm  of  gypsum  is  employed,  not  a  trace  of  that  gas  can  be  det ■>::■.-]. 
With  respect  to  the  use  of  iodide  of  potassium  acidulated  with  hydnichlitric  acii, 
Baumcrt  calls  attention  to  the  fact  that  such  a  solutiun  must  contain  fn^c  hv<in  -lie 
acid,  which  is  decomposed  by  oxygon  in  its  ordinary  as  well  as  iu  it^  ulL-ir-  p« 
state.     In  fact,  oxygen  gas  evolved  by  electrolysis,  aud  coiujtlctfly  fn^?l  t>-a 
ozone  by  passing  through  a  neutral  solutiun  of  iodide  of  pct^s^ium.  lihon.:.-!. 
when  subsequently  passed  through  a  solution  of  the  same  ^ult  aoidubtvi  T;rh 
hydrochloric  acid,  u  quantity  of  iodine  much  larger  than  that  which  it  \'M  pn^ 
Yiously  separated  from  the  neutral  solution.     This  may  account  for  thv  •^Kii.-r 
proportion  of  the  active  oxygen  to  the  total  quantity  of  ozone  obt-iiued  iu  Ud 
experiments  of  Andrews. 

The  true  nature  of  ozone  must  then  still  be  considered  a  matter  for  iTivc*tiri- 
tion.  The  existence  of  an  allotropic  modification  of  oxygun  po:*>o>?iing  p*vuiiiHj 
active  properties  appears  to  be  established  by  the  researches  of  nuinennis  iDniiirer?; 
but  on  the  other  hand,  till  some  more  valid  objection  is  adduced  againM  tii'.'  re- 
sults obtained  by  Baumert  and  Williamson,  the  existence  of  hydrogen  in  the  oiuDfi 
obtained  by  electrolysis  of  acidulated  water  can  scarcely  be  denied. 

■ 
Quantitative  estimation  of  Oxygen  and  ir//(?rotjrn.  —  The  quantity  of  ntJia 

of  these  gases  in  a  gaseous  mixture  may  be  determined  by  inixing  it  with  aa 

excess  of  the  other,  and  inducing  combination  by  the  electric  spark,  or  by  5p"0;;7 

platinum  or  platinized  charcoal.     One-third  of  the  volume  of  gas  which  oi»3p- 

pcars  is  oxygen,  and  two-thirds  hydrogen.     This,  of  course,  inijilios  that  no  otLtt 

gases  are  present  capable  of  uniting  with  either  oxygen  or  hydrogen. 

The  amount  of  hydrogen  in  solid  or  liquid  compounds  (generally  ori:3nie).wbea 
it  is  not  present  in  the  form  of  water,  is  estimated  by  heating  tlie  cuuip-iinl  ii 
contact  with  some  oxidizing  agent,  generally  oxide  of  copper,  and  wei^'hiu.:  tbe 
water  produced  (p.  771).  Oxygen  in  such  compounds  is  genendly  det'.*r:ijiri>i 
by  hjss,  the  quantities  of  all  the  other  elements  being  determined  by  the  uitih  -ci 
severally  applicable  to  them,  and  the  remainder  being  estimated  as  oxyiren.  Tin 
quantity  of  oxygen  in  metallic  oxides  which  are  not  reduced  by  hJat  -jl.'ne.  iJ 
generally  estimated  by  igniting  them  in  a  current  of  hydrogen  and  weigh iuc:  tlie 
water  produced. 

The  quantity  of  oxygen  in  the  atmosphere  may  be  determined  by  D»ctt>li 
already  described  (p.  249).  A  very  good  method  has  since  been  given  by  Liebij* 
viz.,  to  absorb  the  oxygen  by  means  of  an  alkaline  fjolution  uf  pyr-vjijll-jte^rf 
potash.  Pyrogallic  acid  is  readily  obtained  as  a  crptalliue  .<ubIimato  h\  the  drj 
dbtillation  of  gallic  acid;  it  dissolves  easily  in  potash:  and  the  fi'olut'i'in  int:^ 
duced  by  means  of  a  pipette  into  air  standing  over  mercury,  absorbs  the  oxv;:tn 
quickly  and  completely. 

Estimation  of  Water.  —  The  quantity  of  water  in  a  solid  compound,  a  saJt  for 
example,  is  determined  by  heating  a  weighed  quantity  of  the  substance  i:i  a  cip* 
Bule  or  crucible  over  a  lamp,  or  in  a  sand-bath,  or  over  a  water-bath,  acci.r iia^  U 

♦  Pogg.  Ann.  xcix.  88.  f  Chcm.  Soc.  Qo.  J.  iv.  221. 
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the  temperature  which  it  will  bear  without  giving  off  anything  but  water.  Sub- 
Btanccs  which  will  not  bear  even  the  temperature  of  the  water-bath,  are  dehydrated 
by  placing  them  over  strong  sulphuric  acid,  sometimes  in  vacuo,  sometimes  by 
merely  placing  the  dish  containing  the  sulphuric  acid,  with  the  substance  sup- 
ported above  it  in  a  capsule,  on  a  ground  glass  plate,  and  covering  the  whole  with 
a  bell  jar.  Another  method  of  drying  substances  which  will  not  bear  much  heat, 
is  to  place  them  in  a  bent  tube  immersed  in  a  water-bath  at  a  regulated  temperature, 
and  pass  through  the  tube  a  current  of  dry  air,  hydrogen,  or  carbonic  acid,  accord- 
ing  te  tho  nature  of  the  substance. 

Some  salts  when  heated  give  off  a  portion  of  their  acid  as  well  as  their  water, 
the  sulphates  of  alumina,  and  sesc|uioxide  of  iron  for  example.  To  determine  the 
quantity  of  water  in  such  cases,  the  salt  must  be  mixed  with  a  weighed  quantity 
of  protoxide  of  lead,  sufficient  to  cover  it  completely,  and  heated  in  a  platinum 
crucible :  the  acid,  which  would  otherwise  escape,  is  then  retained  by  tho  ozido 
of  lead,  and  nothing  but  water  goes  off. 

The  quantity  of  combined  water  in  a  base,  such  as  hydrate  of  potash,  is  de- 
termined by  heating  the  base  with  an  acid  which  will  form  with  it  a  compound 
not  decomposable  at  a  red  heat. 

In  all  cases,  the  water,  instead  of  being  estimated  merely  by  loss  of  weight, 
may  be  determined  by  receiving  it  in  a  tube  filled  with  dry  chloride  of  calcium, 
or  with  pumice  stone  soaked  in  strong  sulphuric  acid,  an  empty  glass  bulb,  pre- 
viously weighed,  being,  however,  interposed  when  the  quantity  of  water  is  large 
(p.  238,  fig.  108).  This  method  is  particularly  applicable  when  other  substances 
besides  water  are  given  off  at  the  same  time. 

The  methods  of  determining  tho  quantity  of  water  in  solutions  are  similar  to 
those  above  described  for  solids  (p.  385). 

Absorption  of  gaxes  hy  water  and  otJi^r  liquids.  —  The  laws  relating  to  the  ab- 
sorption of  gases  by  liquids  have  lately  been  examined  with  great  care  by  Bunsen, 
whose  results* tend  partly  to  confirm,  partly  to  modify  those  of  the  older  experi- 
ments of  Dalton,  Ilenry,  and  Saussure  (p.  81,  240). 

The  absorption  of  tho  more  soluble  gases,  such  as  ammonia,  sulphurous  acid, 
kc.y  was  estimated  by  saturating  the  liquid  with  the  gas  at  a  known  temperature, 
and  then  determining,  either  by  volumetric,  or  by  weighed  analyses,  the  quantity 
of  gas  dissolved  in  a  given  volume  of  the  liquid ;  for  example,  hyJrosulphurio 
acid  was  precipitated  by  a  solution  of  copper,  sulphurous  acid  and  chlorine  were 
determined  by  the  iodometric  method,  to  be  afterwards  described. 

For  the  less  soluble  gases,  a  different  method  was  adopted.  The  apparatus  used 
for  the  purpose,  called  an  ahsorptiometcry  consists  of  a  graduated  tube  closed  at 
the  top,  and  containing  mercury.  The  gas  is  first  introduced  into  this  tube  above 
the  mercury,  and  afterwards  the  absorbing  liquid.  This  tube  is  enclosed  within 
a  wider  one,  the  space  between  the  two  being  filled  with  water,  by  means  of  which 
any  required  temperature  maybe  imparted  to  the  contents  of  the  inner  tube.  The 
outer  tube  is  closed  at  top  with  a  lid,  in  the  middle  of  which  is  an  elastic  cushion 
pressing  firmly  on  the  inner  tube  containing  the  gas.  This  tube,  by.  a  peculiar 
contrivance,  may  be  either  firmly  closed  at  the  bottom,  or  made  to  communicate 
with  the  mercury  in  the  cistern  in  which  it  stands.  The  tubes  being  filled  and 
firmly  closed  top  and  bottom,  the  whole  is  vigorously  shaken  for  about  a  minute, 
to  bring  the  gas  well  in  contact  with  the  liquid.  The  inner  tube  is  then  loosened 
at  the  bottom,  so  as  to  open  a  communication  with  tho  mercury  in  the  cistern,  and 
equalize  the  pressure.  More  gas  is  then  introduced,  and  the  shaking  repeated, 
and  these  operations  are  continued,  till  the  mercury  in  the  inner  tube  no  longer 
exhibits  any  alteration  of  level.  The  volume  of  the  remaining  gas  is  then  read 
off,  and  observations  made  of  the  pressure  and  temperature. 

The  volume  of  a  gas,  reduced  to  0^  C,  and  760  mm.  pressure,  which  is  ab- 
sorbed by  the  unit  of  volume  of  any  liquid;  is  called  tho  coefficient  of  ahMorption* 
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The  formula  used  by  Bunsen  for  calculating  these  coefficients  is  founded  on  tb« 
l.iw  of  i:as-abs.»q>tion  discovered  by  Dr.  Henry,  viz.  that  at  any  given  lemp^'rinire, 
tin;  wt.iirht  of  a  gas  absorbed  by  a  given  quantity  of  a  liquid  is  proportional  to 
tiK'  prcPiure;  or,  in  other 'words,  that  the  volume  of  the  gas  absorbwl  at  aty 
given  temperature  is  the  same  under  all  pressures  (p.  bl).  BuDsen  fiois 
indeed,  that  the  coefficient  of  absorption  oi  any  gas  thus  dctermiued  ccd-r 
diiieront  pressures,  exhibits  a  constant  value,  a  result  which  afibrds  a  sthkiug 
confirmation  of  the  truth  of  Henry's  law.   . 

If  V  and  ]"'  denote  the  volumes  of  a  gas  reduced  to  0°,  before  and  af:er  ab- 
sorption, fand  P'  the  corresponding  pressures,  the  quantity  of  gas  absorbed  niidor 

VP       V  P* 
the  pressure  jP  is  r^     — Fk^to'    '^^  reduce  this  to  the  normal  presssure,  0 "'» 

mm.,  it  must  be  multiplied  by  — ry-  ;  and  if  the  volume  of  the  absorbing  fiqdd 

is  /{,  the  coefficient  of  absorption  a,  or  the  quantity  of  gas  absorbed  by  a  oniK 
volume  of  the  liquid,  will  be 


W-^-^]: 


The  following  table  exhibits  the  coefficients  of  absorption  of  certain  gases  bj 
water  and  alcohol  for  every  5  degrees  centigrade  of  temperature : — 


O^C. 

o 
10 
15 
20 
25 


OxyRvn. 


In 
Water. 


0-04114 
0-03028 
0  03250 
002989 
002838 


In 
Alcohol. 


lIjdrog«n. 


In 

Water. 


In 

Aloubol. 


0-28397 


0-0193  \ 


■  UlSLJ    I-  - 


0-00925 
000853 
0-00780 
000725 
0-00008 
0-00016 


Nitrof^n. 


Nitzoiv  i>ule. 


In 
Water. 

002035 
0-01794 
001C07 
0  01478 
0-01403 


In 

Alcohol. 


In 
Water. 


Ii     I 


012034 
012440 
012270 
012142 
012038 
011904 


l-3a")2    4-17f»i 
1-01C4    .rK44i 


0-777S 
O-OTiM 
0-59»;2 
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OoC. 
5 


10 
15 
20 
25 


C-orbonic  OxMo. 

Cnrbonic  adJ. 

Monh  Gai. 

In 
Water. 

In 
Alcdhol. 

In 
Water. 

In 
Alcubol. 

In 
Water. 

0-05449 
0-04885 
0-04372 
0-039n9 
0034i»y 

Alrolinl.    1 

0  03287 
0-02920 
0  02035 
002432  , 
002312 

•  •••••«••  • 

-  0-20443 

1-7907 
1-4497 
1-1847 
10020 
0-iO14 

4-3295 
3  8908 
3-5140 
3-1993 
2-9405 
2-7r>58 

0-52259 
0-50Nil 

n-49r.3:i 

O-4S280 
0-47*  lOO 
0-4:V..'.S2 

( >:>  flaat  t  ja 


In 
Wairr.  I 


la 


0-2  i-1  3'^C?'« 
0-lN'.7  I  "^»V> 
O-ir.l.-,  2?rJJ 
014^^    27111 
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Sulphurous  Arid. 

Il3-dro!iu]phuric  Arid. 

Chlorine. 

'     MirlrOxUlc. 

Aiwm.r'* 

In 

Water. 

1    - 

In 

Alcohol. 

327-80 
251-24 
li)002 
14413 
113-50 
98-33 

In 
Water. 

In 
Alcohol. 

In 
Water. 

In 
Alcohol. 

1 

Is         1 

ooc. 

6 
10 
15 
20 
25 
30 
85 
40 

79-789 
07-485 
50047 
47-270 
89-374 
32-780 
27-101 
22-489 
18-700 

4-3700 
8-9052 
8-5858 
8-2320 
2-lK)58 
2-0041 
2-3290 
2-0790 
1-8509 

17-891 

14-700 

11-992 

9-539 

7-415 

5-023 

1       0-31  »V0 
0-299»4.'» 
0  28»;«>9 
0-27478 
0-20592 
025951 

irq>M   ' 

2-'5852 
2  •3081 
21565 
1-9504 
1-7490 
1-6550 
1-8655 

017  ■'0 

«i2:v  1 

.     727 -25   i 

1 

When  a  liquid  is  in  contact  with  a  mixture  of  several  gasea,  with  ooiw  of  wfcU 
it  is  disposed  to  form  a  definite  compoond,  it  absorbs  of  each  gas  a  qnaatitjec^ 
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respondiDg  to  the  pressure  which  this  same  g^s  exerts  in  the  mixture  that  remains 
after  the  absorption  is  complete.  Now,  in  any  mixture  of  gases,  each  gas  exerts 
the  same  pressure  that  it  would  if  it  alone  filled  the  entire  space ;  and  the  pressure 
of  the  entire  mixture  is  equal  to  the  sum  of  the  pressures  of  the  separate  con- 
stituents. If,  for  example,  atmospheric  air,  which  in  100  volumes  contains  20*9 
Tols.  oxygen,  and  79-1  vols,  nitrogen,  exerts  altogether  a  pressure  equal  to  that 

20*9 
of  760  mm.  of  mercury,  the  pressure  of  the  oxygen  is  equal  to  rrrrrr .  760  = 

79'1 
158*8  mm.  and  that  of  the  nitrogen  is  y^ .  760  =  601*2  mm. 

When  water  is  saturated  with  atmospheric  air,  it  takes  up  of  each  constituent 
a  quantity  determined  by  the  existing  temperature,  and  the  partial  pressure  of 
each  gas.     For  example,  at  13^  C,  and  under  a  pressure  corresponding  to  760 

mm.  of  mercury,  1  volume  of  water  absorbs  003093  X  -^       =  00646  vols,  rf 

601-2 
oxygon,  measured  at  0° C  and  760  mm. ;  and  001530  x  -^^^  =  0*01210  vols. 

nitrogen,  also  measured  at  the  standard  pressure  and  temperature.  Hence,  at 
13® 0.  and  760  mm.,  1  vol.  water  absorbs  000646  vols,  oxygen,  and  001210 
vols,  nitrogen,  making  together  0-01856  vols,  of  a  gaseous  mixture,  containing 
84-8  vols,  oxygen,  and  65*2  vols,  nitrogen.  Direct  analysis  of  a  gaseous  mixture 
evolved  by  boiling,  from  water  previously  saturated  with  atmospheric  air,  gave 
84-73  vols,  pure  oxygen  and  65.27  vols,  nitrogen. 

When  water  previously  saturated  with  oxygen  or  nitrogen  is  exposed  to  the 
ur,  the  final  result  is  still  the  same,  the  excess  of  either  gas  being  given  off,  and 
the  oxygen  and  nitrogen  being  ultimately  absorbed  in  the  proportions  just  given. 
If  water  containing  any  other  gas  is  exposed  to  the  air,  the  whole  of  the  dissolved 
gas  is  ultimately  eliminated,  and  the  water  becomes  saturated  with  the  atmos- 
pheric gases,  in  the  same  proportion  as  if  no  other  gas  had  been  previously  dis- 
solved in  it.  An  exception,  however,  occurs  when  the  dissolved  gas  is  capable 
of  forming  a  definite  compound  with  the  water,  in  which  case  portions  of  the  gas 
and  the  water  evaporate  together. 

The  general  law  above  stated  with  regard  to  the  absorption  of  gaseous  mixtures 
is  found  to  hold  good  in  mixtures  of  sulphurous  acid  gas  with  hydrogen  and  car- 
bonic acid ;  of  carbonic  oxide  and  carbonic  acid ;  and  of  carbonic  oxide,  marsh- 
gas,  and  hydrogen ;  but  not  with  a  mixture  of  equal  volumes  of  chlorine  and 
hydrogen,  or  of  chlorine  with  twice  or  four  times  its  volume  of  carbonic  acid. 


NITROGEN. 

Preparation  of  Nitrogen  gat  (p.  244).  —  This  gas  may  be  obtained  in  great 
abundance,  and  perfectly  pure,  by  heating  a  solution  of  nitride  of  potash  with 
sal-ammoniac  :— 

K0.N03+NH,C1  =  KCl  +  4H0  +  2N. 

The  solution  of  nitrite  of  potash  is  prepared  by  passing  the  nitrous  gas,  evolved 
by  heating  1  part  of  starch  with  10  parts  of  nitric  acid,  into  a  solution  of  caustio 
potash  of  sp.  gr.  1-38,  till  the  liquid  becomes  decidedly  acid,  and  then  adding  a 
sufficient  quantity  of  caustic  potash  to  restore  the  alkaline  reaction.  The  solu- 
tion of  nitrite  of  potash  thus  obtained  may  be  preserved  without  alteration.  On 
mixing  this  liquid  with  three  times  its  bulk  of  concentrated  solution  of  sal-ammo- 
niac, and  heating  the  mixture  in  a  flask,  nitrogen  gas  is  given  off  in  large  quantity 
and  with,  perfect  regularity.     Pure  nitrogen  may  also  be  obtained  by  heating  a 
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Bolation  of  nitrite  of  ammonia;   but  this    salt   is    difficult  to   prepare  (Cfeii* 

winder.*) 

Another  method  of  obtaining  nitrogen,  mixed   however  with  chlorine,  is  to 
heat  a  mixture  of  nitrate  of  ammonia  and  sal-ammoniac  : — 

2(NH4.N06)  +  NH.Cl  =  5N  +  CI  +  12H0. 

After  the  mixture  has  been  heated  to  the  melting  point  of  the  nitrate,  the  reaction 
goes  on  by  itself.     The  chlorine  may  be  afterwards  absorbed  by  potash.    (Min- 

men<>.t) 

Nilrom  oxide  (p.  255). — ^This  gas  may  be  obtained  in  a  state  of  parity  br  t^e 
action  of  protochloride  of  tin  on  aqua-regia.  The  tin-salt  is  di.*s*jlveJ  ia  hjtir> 
chloric  acid,  the  solution  heated  over  the  water-bath,  and  crysial:^  ur  cylindricaJ 
lumps  of  nitre,  successively  dropped  into  it  through  a  wide  tube  dipping  in;*)  the 
liquid.     (Gay-Lussac.J) 

Nitric  oxide  may  be  obtained  by  a  process  similar  to  that  above  descriW  f  jT 
the  preparation  of  nitrous  oxide,  using  however  protochloride  of  iron  insicaJ  uf 
protochloride  of  tin.     (Pelouze  and  Gay-Lussac.§) 

Anliydrons  nitric  acidy  NO5,  is  obtained  by  the  action  of  dry  ehlorioe  on 
nitrate  of  silver.  Chloriae  gas  contained  in  a  gasometer  standing  in  sulphorio 
acid,  is  made  to  pass  very  slowly,  first  over  chloride  of  calcium,  then  over  sulphuric 
acid,  and  lastly  over  thoroughly  dried  nitrate  of  silver,  which  is  healed,  first  tj 
95®  C,  and  allorwards  constantly  to  5S°  or  GO®  G.  The  products  of  doooajposi- 
tion  piiss  into  a  U-tube  cooled  to  21°  C,  in  which  a  very  vulatile  liquid  (probably 
nitrous  acid)  collects,  together  with  crystals  of  anydrous  nitric  acid,  while  oiygea 
escapes.  The  different  parts  of  the  apparatus  must  be  connected  by  fusi^u.  is 
the  acid  vapours  would  quickly  corrode  caoutchouc  joints.  The  anhydrous  uitrie 
acid  crystallizes  in  colourless  rhombic  prisms,  having  angles  of  about  Th*'  ud 
120®,  and  in  hexagonal  prisms  derived  therefrom.  It  melts  at  20^  to  30®  C,  aoi 
boils  at  45®  to  50®  C,  but  begins  to  decompose  near  its  boiling  point.  It  b«.*ct»aiei 
strongly  heated  by  contact  with  water,  in  which  it  dissolves  without  colouring  or 
evolution  of  gas,  funning  hydratcd  nitric  acid  (II.  De^'ille.|i)  Accordint:  td 
DuiuaSj^f  the  crystals  melt  spontaneously  when  left  to  themselves ;  and  on  one 
occasion,  when  an  attempt  was  made  to  recrj'stallize  the  fused  mass  by  iuimersida 
in  a  freezing  mixture,  the  tube  was  shattered  with  cxplo^iion. 

Quantitative  estimation  of  Nitrogen. — ^Xitrogcu  is  estimated,  either  by  colled- 
in £;  it  as  a  ii^as  in  the  free  state  and  measurin*::;  its  volume,  or  by  convcniu:::  it  iaw 
ammonia.  ]\lost  nitrogen-compounds,  when  strongly  heated  with  the  hydrates  ui 
the  lixed  alkalies,  give  off  the  whole  of  tlieir  nitrogen  in  the  furm  of  :i;iimunii. 
This  reaction  is  especially  applied  to  the  estimation  of  nitrogen  in  orranic  com- 
pounds, in  which  that  element  is  united  with  carbon,  hydrogen,  ^q.  Ttxc  ur^-mic 
compound  is  mixed  with  a  large  excess  of  boda-lime  —  a  mixture  of  cau^iie  h^U 
and  quick-lime,  the  latter  being  added  to  counteract  the  dcliquesceuee  vf  tbt 
hydrate  of  soda, — and  heated  to  redness  in  a  c(5mbuj>t ion- tube  (p.  277  »,  lo  vbidl 
is  attached  a  suitable  bulb-appanitus  containing  hydrochloric  acid.  The  auiinonb 
is  thereby  absorbed,  and  is  subsequently  precipitated  by  chloride  uf  piaiiuoni,  is 
the  manner  described  at  page  010  of  this  volume.  This  method  giws  very  exact 
results;  but  it  is  not  applicable  to  compounds  containing  uitn^jL'eu  in  the  l^nn  iif 
niti'ic  acid  or  of  peroxide  of  nitrogen,  because  in  such  compounds  ihe  couvtwioB 
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of  the  nitrogen  into  ammonia  by  heating  with  caustic  alkalies  is  never  complete. 
For  such  compounds,  it  is  better  to  evolve  the  nitrogen  in  the  free  state,  and  deter- 
mine its  quantity  by  measurement.  This  may  be  done  either  comparatively  or 
abiiolutely. 

For  the  comparative  determination,  the  azotized  organic  compound  is  mixed 
with  oxide  of  copper,  and  heated  in  a  combustion-tube,  the  open  end  of  which, 
to  the  depth  of  four  or  five  inches,  is  filled  with  finely-divided  metallic  copper, 
obtained  by  reducing  the  oxide  with  hydrogen.  By  the  oxidizing  action  of  the 
oxide  of  copper,,  the  carbon  of  the  organic  compound  is  converted  into  carbonic 
acid,  and  the  nitrogen  into  nitric  oxide  and  other  oxides  of  nitrogen,  all  of  which 
are,  however,  completely  decomposed  in  passing  over  the  red-hot  metallic  copper, 
BO  that  nothing  but  nitrogen  and  carbonic  acid  pass  out.  These  gases  are  col- 
lected over  mercury  in  a  graduated  tube,  hnd  their  volume  measured.  The  car- 
bonic acid  is  then  absorbed  by  potash,  and  the  residual  nitrogen  also  measured. 
Now  the  weights  of  equal  volumes  of  nitrogen  and  carbonic  acid  are  to  one 
another  as  14  to  22  (p.  180),  that  is  to  say,  as  the  atomic  weights  of  N  and  COf ; 
and  each  atom  of  carbonic  acid  contains  one  atom  of  carbon.  Consequently,  the 
volumes  of  nitrogen  and  carbonic  acid  produced  by  the  combustion  of  the  organic 
compound,  are  to  one  another  as  the  numbers  of  atoms  of  nitrogen  and  carbon. 
This  method,  of  course,  implies  that  the  carbon  in  the  organic  compound  has  been 
previously  determined. 

For  the  absolute  determination  of  nitrogen,  the  same  method  of  combustion  and 
collecting  the  gas  is  adopted,  excepting  that  a  longer  combustion-tube  is  used,  and 
a  quantity  of  bicarbonate  of  soda  is  placed  at  the  sealed  end,  sufficient  to  occupy 
about  eight  inches  of  the  tube.  The  process  is  commenced  by  heating  a  portion 
of  this  bicarbonate  of  soda,  so  as  to  evolve  carbonic  acid,  and  sweep  all  the  air  out 
of  the  tube.  The  substance  is  then  burned,  and  the  evolved  gases  collected  over 
mercury,  the  carbonic  acid  being  absorbed  by  strong  potash-ley  placed  at  the  top 
of  the  mercury ;  and  when  the  combustion  is  ended,  the  remainder  of  the  bicar- 
bonate of  soda  is  heated  so  as  to  evolve  more  carbonic  acid,  and  drive  all  the  re- 
maining gases  out  of  the  tube.  The  volume  of  nitrogen  collected  is  then  read  ofif 
and  its  weight  calculated,  the  proper  corrections  being  made  for  pressure  and  tem- 
perature. Dr.  M.  Simpson,  of  Dublin,  has  proposed  certain  modifications  both 
m  this  and  in  the  comparative  method  of  estimating  nitrogen,  with  the  view  of  faci- 
litating the  process  and  insuring  greater  accuracy.  The  principal  of  these  atten- 
tions is  the  replacement  of  the  oxide  of  copper  by  oxide  of  mercury,  which  gives 
up  its  oxygen  more  readily,  and,  therefore,  insures  a  more  complete  combustion, 
ecipecially  when  the  substance  is  rich  in  carbon.* 

The  method  of  combustion  with  oxide  of  copper  and  decomposition  of  the 
oxides  of  nitrogen  by  metallic  copper,  is  applicable  to  all  nitrogen  compounds 
whatsoever.  For  the  analysis  of  nitrates^  in  which  the  nitrogen  is  already  com- 
pletely oxidized,  the  oxide  of  copper  may  be  dispensed  with,  the  salt  being  simply 
Ignited  in  a  tube,  and  the  nitrous  vapours  passed  over  red-hot  metallic  copper. 
Nitric  acid  may  also  be  determined  by  several  other  methods.  When  it  exists  in 
the  free  state  in  aqueous  solution,  its  quantity  may  be  determined  by  shaking  up 
the  liquid  with  carbonate  of  baryta,  till  the  nitric  acid  is  completely  neutralized, 
then  filtering,  evaporating  the  filter  to  dryness,  care  being  taken  not  to  heat  the 
ref*idue  too  strongly,  and  weighing  the  dry  nitrate  of  baryta  thus  obtained.  Or 
tlie  solution  of  nitrate  of  baryta  may  be  decomposed  by  sulphuric  acid,  the  sul- 
phate of  baryta  weighed,  and  the  equivalent  quantity  of  nitric  acid  calculated 
therefrom.  If  the  solution  of  nitric  acid  is  very  weak,  it  is  better  to  use  baryta- 
water  to  neutralize  it ;  then  pass  carbonic  acid  gas  through  the  liquid  to  remove 
any  excess  of  baryta;  filter;  and  treat  the  filtered  solution  of  nitrate  of  baryta  as 
above. 
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When  nitric  aci»l  is  combined  with  a  bn^?o,  it  may  be  Iibor:it».»l  V\  V.-;  ".tiia 
with  sul]»huric  acid  (p.  200),  and  the  distillate  trcatod  wiili  carV'onau:  ■  *  U  zm 
or  barvta-wutcr,  in  the  manner  already  described.     Or  a  wti'jhvJ  i.'..r"  u    \  :tt 


formed  can  bear  a  red-heat  without  decomposition. 

VoT  the  estimation  of  small  quantities  of  nitric  acid,  such  a.s  fxi^t  in  ]'aLti, 
Boils,  and  waters,  some  very  ingenious  methods  have  been  inroDtcd  \\  M  <r. 
Ville.*  The  nitric  acid  is  tirst  converted  into  binuside  of  uitroiion  Lv  Wiiibj  lu 
solution  of  the  nitrate  with  protochloride  of  iron  and  fruo  Lydn-ehlMric  ac:J: 

NO5  +  GFeCl  +  3HC1  =  NO,  -f  SFe.Clj  -f  SHO; 

and  the  nitric  oxide  then  converted  into  ammonia,  cither  by  pa^^ic:;  it.  r.iicd 
with  excess  of  hydrogen,  over  spongy  platiniuu  heated  nearly  to  rednts^; 

NO,  +  5H  =  NII, +  2H0; 

or  by  piissinj::  it,  mixed  with  excess  of  hydrogen  and  bydrosulphuric  acid,  07:r 
Boda-limo  heated  nearly  to  redness : 

NO,  +  31IS  +  2CaO  =  NH,  +  CaO.PO,  +  Ca?,. 

The  second  methcxl  is  jrenerally  the  more  exact  of  the  two,  the  first  ;JivinJi■^s• 
rate  re-ults  only  when  the  quantity  of  nitrojren  to  be  dctenninod  is  virv  -'.-.2 
The  ammonia  is  absorbed  by  an  acid  of  known  stremrth  contained  in  a  lu^b--;:-i« 
ratus,  and  its  quantity  determined  by  the  alkalimetric  method  (p.  ^^ti):  •:  :: 
may  be  absorbed  by  hydrochloric  acid,  and  precipitated  by  chloride  of  pi-iti:.u:; 
Another  method  is  to  pass  the  nitric  oxide  over  red-hut  metallic  Ci'jip?r;  lui  :hj 
method  is  not  so  exact  as  the  preceding  To  apply  these  methods  t.i  the  «k't<  r.  j- 
nation  of  the  quantity  of  nitrates  in  vegetable  substinccs,  soils,  wator«,  Alo  .  'It 
substance  (10  to  100  grammes)  is  exhausted  with  boiling  water,  and  tie  ct'n^.■a- 
trated  s<.»lution  treated  as  above. 

Prufessor  Way  has  also  devised  a  method  of  estimating  small  quantities  ■  f  iitnr 
acid,  especially  adapted  to  rain-water  and  other  waters.  This  prLKrcs.*,  whioh  i*  1 
modification  of  Bunsen's  volumetric  method,  consists  in  1ieatin;r  the  solid  n<'\w 
obtained  by  evaporatincr  about  a  pint  of  the  water — previoiL-sly  rendere*!  alkaKce 
by  lime-water  to  prevent  loss  of  nitric  acid — with  hydrochlurie  aeiJ  and  i-^lii^^-f 
silver,  in  an  apparatus  from  which  the  air  has  been  completelv  excluicl  It  a 
stream  of  carbonic  acid  gas,  and  exhaustion  with  the  air-pump,  ^lie  nitntt'fioi 
the  hydrochloric  acid  then  decompose  each  other,  with  separation  of  nitric  m^* 
and  chlorine;  and  the  chlorine  decomposes  the  iodide  of  silver,  liberating.!  ic-diae, 
the  amount  of  which  is  afterwards  determined  by  a  standard  solution  of  *\i\fh> 
rous  acid  in  the  manner  to  be  hereafter  described.  Organic  matter,  if  prwrat  ia 
the  water,  Tnust  be  destroyed  by  addinfir  a  small  quantity  of  pcnuanguate  d 
potash,  during  the  concentration  of  the  liquid. 

The  determination  of  the  (juantity  of  nitric  acid  in  nitrate  of  potash  is  a  pn<« 
of  considerable  commercial  importance,  and  several  methods  have  boea  dev^  f>v 
it.  Of  these,  however,  there  are  only  two  in  general  use.  The  first,  ori^Ml't 
introduced  by  Gossart  and  improved  by  Pelouze,  consists  in  btiiling  the  acidiSfJ 
solution  of  the  nitre  with  a  solution  of  protochloride  of  iron  of  kmiwn  stn-nsti, 
whereby  the  protoxide  of  iron  is  converted  into  sesriuioxide,  and  binuxi*ii  d 
nitrogen  is  evolved,  and  afterwards  determining  the  unoxidizcd  portion  of  ibeir^i 
by  the  method  of  Margueritte,  with  a  stan<lard  solution  of  penuangnnute  of  j^-ttfi. 
(p.  45S).  According  to  Messrs.  Abel  and  IJloxam,t  this  metho*!  dc«<r«  n';l  iivi« 
give  exact  results,  because  a  portion  of  the  nitre  does  not  ei>ntnbute  to  the  iiis- 
izing  action,  either  from  not  being  completely  decomposed,  or  from  losing  a  pi-n:  o 
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of  its  acid  before  it  comes  in  contact  with  the  iron-salt.  The  other  method,  intro- 
duced by  Oaj-LnssaCy  consists  in  defla^ting  the  nitre  with  one-fourth  of  its 
weight  of  finely  divided  charcoal  (lamp4)]ack)  and  6  parts  of  common  salt,  the 
latter  being:  added  merely  to  moderate  the  action.  The  nitrate  of  potash  is  then 
converted  into  carbonate,  the  Quantity  of  which  in  the  ignited  residue  may  be 
determined  by  the  process  of  alKalimetry  (p.  260).  This  method  is  also  variable 
in  its  results,  partly  because  a  portion  of  tne  nitre  is  apt  to  escape  decomposition, 
]>art]y  because  cyanate  of  potash  is  formed  during  the  reaction,  and,  when  subse- 
quently dissolved  in  water,  b  decomposed^  with  formation  of  carbonate  of  ammonia 
and  carbonate  of  potash : 

CJ^KO,  +  4H0  =  KO.CO,  +  NH.O.COf 

Hence,  the  quantity  of  alkali  to  be  neutralized  by  the  acid  is  greater  than  it 
should  be.  The  presence  of  alkaline  sulphates  in  the  nitre  also  introduces  an 
error,  because  these  salts  are  reduced  by  ignition  with  charcoal  to  sulphides,  which 
have  an  alkaline  reaction.  Messrs.  Abel  and  Bloxam  find  that  these  several 
roarces  of  error  may  be  eliminated,  and  exact  results  obtained,  by  using  the  chaf- 
cool  in  a  very  finely  divided  state,  and  subsequently  heating  the  ignited  mass 
with  chlorate  of  potash,  which  completely  decomposes  the  cyanates  and  reconverts 
the  sulphides  into  sulphates.  The  best  form  of  carbon  for  the  purpose  was  found 
to  be  the  pure  finely  aivided  graphite  prepared  by  Mr.  Brodie's  process  (p.  770). 

CARBON. 

Tdatiltty  of  carbon. — According  to  Despretz,  charcoal  exposed  in  vacuo  to  the 
beat  produced  by  a  Bunsen's  battery  of  500  or  600  pairs,  disposed  in  5  or  6  series, 
80  as  to  form  100  pairs  of  5  or  6  times  the  ordinary  size,  is  volatilized,  and  collects 
on  the  sides  of  the  vessel  in  the  form  of  a  black  cr}8talline  powder;  in  a  space 
filled  with  a  gas  with  wlrich  the  carbon  docs  not  combine,  volatilization  likewise 
takes  place,  but  more  slowly.  At  the  same  temperature,  charcoal  may  also  be 
bent,  welded,  and  fused,  every  kind  of  charcoal  when  thus  treated  becoming  softer 
the  longer  the  heat  is  continued,  and  being  ultimately  converted  into  graphite. 
Diamond  exposed  to  the  same  temperature  is  likewise  converted  into  graphite.* 

Charcoal  as  a  disinfectant,  ^~  The  power  which  wood-charcoal  possesses  of 
absorbing  and  decomposing  gaseous  bodies  has  lately  been  applied  by  Dr.  Sten- 
honse  to  the  construction  of  ventilators  and  respirators  for  purifying  infected 
atmospheres.  In  a  pamphlet,  bearing  the  title  **  On  Charcoal  as  a  Disinfectant," 
Dr.  Stenhouse  observes — <<  Charcoal  not  only  absorbs  effluvia  and  gaseous  bodies, 
but,  especially,  when  in  contact  with  atmospheric  air,  rapidly  oxidizes  and  destroys 
many  of  the  easily  alterable  ones,  by  resolving  them  into  the  simplest  combinations 

ibey  are  capable  of  forming,  which  are  chiefly  water  and  and  carbonic  acid 

effluvia  and  miasmata  are  generally  regarded  as  highly  organized,  nitrogenous, 
easily  alterable  bodies.  When  these  are  absorbed  by  charcoal,  they  come  in  con- 
tact with  highly  condensed  oxygen  gas,  which  exists  within  the  pores  of  all  char- 
coal which  has  been  exposed  to  the  air,  even  for  a  few  minutes;  in  this  way  they 
are  oxidized  and  destroyed."  On  this  principle.  Dr.  Stenhouse  has  constructed 
veniHatorsj  consisting  of  a  layer  of  charcoal  enclosed  between  two  sheets  of  wire 
gaoze^  to  purify  the  foul  air  which  accumulates  in  water-closets,  the  wards  of 
Hospitals,  and  in  the  back  courts  and  lanes  of  large  cities.  By  the  use  of  these 
Tentilators,  pure  air  may  be  obtained  from  exceedinglv  impure  sources,  the  im- 
parities being  absorbed  and  retained  by  the  charcoal,  while  a  current  of  pure  air 
luone  is  admitted  into  the  neighbouring  apartments.  A  similar  contrivance  migHt 
also  be  applied  to  the  gully-holes  of  our  common  sewers,  and  to  the  sinks  in 
private  houses.     Dr.  Stenhouse  has  also  constructed  respirators,  consisting  of  a 
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layer  of  charcoal  a  quarter  of  an  inch  thick,  interposed  between  two  «l)cets  cf  «i]. 
vercd  wire  gauze,  covered  with  woollen  cloth.     They  arc  made  either  to  cover  the 
mouth  and  nose,  or  the  mouth  alone ;  the  former  kind  of  respirator  af  cd'  tn 
effectual  protection  against  malaria  and  the  deleterious  gases  which  acv^uniolau 
in  chcmicul  works,  common  sewers,  &c.     The  latter  will  answer  the  milc  tu:|«^ 
when  tlie  atmosphere  is  not  very  impure,  provided  the  simple  precaui:«jn  \k  Uka 
of  inspiring  the  air  by  the  mouth,  and  expiring  by  the  nose.     This  f^riu  ■  f  r  *- 
pirutor  may  also  be  useful  to  persons  affected  with  fetid  breath.     Frc^hlT  Ls^t'^i 
wood-charcoal  simply  placed  in  a  thin  layer  in  trays,  and  disposed  abijut  infecv.d 
apartments,  such  as  the  wards  of  hospitals,  is  also  highly  efficacious  in  al»o:l'iLg 
the  noxious  matter. 

Pta t in t'ziil  charcoal,  —  The  power  of  charcoal  in  inducing  chemical  cun.b:r»»- 
tion  is  greatly  increased  by  combination  with  minutely  divided  platinum.  Il  this 
manner,  a  combination  may  be  produced  possessing  the  absorbent  |K*wer  of  iba- 
coal  (which  is  much  greater  than  that  of  spongy  platinum),  and  nearly  o>|tia!.  u 
a  prcnioter  of  chemical  combination,  to  spongy  platinum  itself.  In  crjcr  to 
platinize  charcoal,  nothing  more  is  necessair  than  to  boil  it,  either  in  cia7«c 
powder  or  in  large  pieces,  in  a  solution  of  bichloride  of  platinum,  and.  vLfa 
thoroughly  impregnated,  which  seldom  requires  more  than  ten  minute*  ir  i 
quarter  of  an  hour,  to  heat  it  to  redness  in  a  close  vessel,  a  capaciuuS'  pLktLfiSB 
crucible  being  well  adapted  for  the  purpose.  Charcoal  thus  platiuizoii.  acd  l.-s- 
taing  8  grains  of  platinum  in  50  grains  of  charcoal,  causes  oxygen  and  Ltcp.j-i 
gasLS  to  unite  completely  in  a  few  minutes  j  with  a  larger  pniportion  of  plaiiuan, 
the  gases  combine  with  explosive  violence,  just  as  if  platinum-black  Wiw  UNi-i 
Cold  pljitiuizcd  charcoal,  hold  in  a  jet  of  hydrogen,  speedily  becomes  i»cai:'iv.vvr.x, 
and  inflames  the  gas.  Tlatinizcd  charcoal,  slightly  warmed,  rapidly  Uvusics 
incandescent  in  a  current  of  coal  gas;  but  does  not  inflame  the  gas.  uwiiiL'  t^  ua 
very  high  tonipcrature  rerjuirod  for  that  purpose.  In  the  vapuur  of  alc^-L:!.  i? 
woud->pirit,  platinized  charcoal  becomes  red-hot,  and  continues  s«>  till  tl.e»a{p<iT 
of  vapour  is  exhausted.  Spirit  of  wine,  in  contact  with  platinized  charciAl  anj 
air,  is  converted  in  a  few  hours  into  vinegar.  Two  per  cent,  of  plutiuum  is  5afi- 
cient  to  platinize  charcoal  for  most  purposes.  Charcoal  containin:;  thU  a»i«iizLt  J 
platinum  causes  oxygen  and  hydrogen  to  combine  perfectly  in  al<t>ut  a  i]U3n«?rii/ 
an  hour,  and  such  is  the  strength  of  platinized  charcoal  which  seems  bcM  idi^-ti-d 
for  disinfectant  respirators.  Charcoal  containing  only  one  per  cent.  i>f  pl;it:Laii 
causes  oxygen  and  hydrogen  (o  combine  in  about  two  hours ;  and  chared  cxa- 
tnining  the  extremely  small  amount  of  \  per  cent,  of  platinum  produco:^  tLc  a.ic 
effect  in  six  or  eight  hours.  Platinized  charcoal  seems  likely  to  admit  of  vint-a 
useful  applications ;  one  of  the  most  obvious  of  these  is  its  excellent  adaplbbi^itj 
to  air-filters  and  respirators.  From  its  powerful  oxidizing  propertie.«.  it  xmj  xm 
prove  a  highly  useful  application  to  malignant  ulcers  and  similar  ^ort:s,  on  vkich 
it  will  act  as  a  mild  hut  effective  caustic.  It  will  probably  also  be  fliuad  fezy 
useful  in  Buuscn's  carbon  battery  (Stcnhousc).* 

Graj}hi(c. — This  substance  may  be  obtained  in  the  pure  and  finely  divided  fUti 
by  mixing  it  in  coarse  powder  with  i'4th  of  ifc?  weight  of  ehK»rato  of  f^jtiib, 
adding  the  mixture  to  a  quantity  of  strong  sulphuric  acid  cijual  ^>  tvictf  liie 
wci«:ht  of  the  graphite;  heating  the  mixture  in  the  water-bath  a««  Inn::  sla  vapfun 
of  peroxide  of  chlorine  are  emitted;  washing  the  cooled  mas.s  with  wati.'.  &n^ 
igniting  the  dry  residue :  it  then  swells  up  and  leaves  finely-divided  graphito.  A 
chemical  compound  of  sulphuric  acid  with  a  peculiar  oxide  of  carlH.in  appiin  lo 
ke  formed  durijig  the  process.  If  the  graphite  to  be  purified  coutaius  fiiici  ci 
mutters,  a  small  quantity  of  fluoride  of  sodium  must  bo  added  to  tiie  luiitsr! 
before  heating  (Hrodief). 

•  Chem.  Boo.  Qu.  J.  viii.  105.  f  Ann.  Ch.  PlyrB.  [SJ,  xl?.  Ml. 


ESTIMATION    OP    CARBON.  771 

Carhomc  oxide.  —  This  gas  is  rapidly  absorbed  by  a  solution  of  subcliloride  of 
copper  in  hydrochloric  acid  or  ammonia,  and  indeed  by  the  ammoniacal  solutions 
of  cuprous  salts  in  general,  e.  g.y  the  sulphite.  A  definite  compound  is  probably 
formed,  containing  copper  and  carbonic  oxide  in  equal  numbers  of  atoms,  but  no 
such  compound  has  yet  been  isolated.  Ferrous  and  stanno^  salts  have  no  action 
on  carbonic  oxide  (Leblanc*). 

Prrjmratitm  of  olejiant  gas  (p.  2S5). — The  frothin£c  which  causes  so  much  in- 
convenience in  the  preparation  of  this  <rns  by  the  action  of  sulphuric  acid  upon 
alcohol,  may  bo  completely  prevented  by  adding  a  sufficient  quantity  of  sand  to 
convert  the  mixture  into  a  thick,  scarcely  fluid  mass.  The  decomposition  may 
then  be  carried  to  the  end  without  any  frothing,  and  nearly  all  the  carbon  of  the 
alcohol  is  obtained  in  the  form  of  olefiant  gas.  Fifty  grammes  of  alcohol  of  the 
strength  of  80  per  cent,  yield  by  this  process  more  than  22  litres  of  gas  (Wuhler|). 

Quantitative  csfimatifm  of  Carbon  and  its  compounds.  —  The  greater  number 
of  carbon-compounds  are  of  organic  nature,  and  contain  hydrogen  as  well  as  carbon. 
Hence  these  two  elements  are  generally  estimated  together,  the  process  consisting 
in  burning  the  compound  with  a  large  excess  of  oxide  of  copper,  whereby  the 
carbon  is  converted  into  carbonic  acid,  and  the  hydrogen  into  water.  The  car- 
bonic acid  is  absorbed  in  a  weighed  apparatus  containing  caustic  potash,  and  the 
excess  of  weight  after  the  absorption,  gives  the  quantity  of  carbonic  acid  produced 
by  the  combustion,  y^  of  which  is  tlie  weight  of  the  carbon.  The  water  is  ab- 
sorbed in  a  weighed  apparatus  containing  dry  chloride  of  calcium,  and  ^  of  its 
weight  gives  that  of  the  liydrc>gen.  The  apparatus  used  for  the  analysis  is  de- 
8cribed  and  delineated  at  page  277.  For  compounds  which,  like  oxalic  acid  and 
angar,  are  ea.sily  burned,  the  process  of  heating  with  oxide  of  copper  affords  a 
complete  combustion  of  the  carbon,  and  givers  exact  results;  but  when  the  pro- 
portion of  carbon  is  very  large,  especially  in  fatty  substances,  which  are  not  easy 
to  bum,  a  different  method  must  be  adopted.  Such  bodies  are  either  burned  with 
chromate  of  lead,  which  at  a  red  heat  gives  off  free  oxygen }  or  they  are  burned 
with  oxide  of  copper,  and  towards  the  end  of  the  process,  a  stream  of  oxygen  is 
passed  through  the  tube,  either  by  placing  at  the  closed  extremity  a  quantity  of 
perfectly  dry  chlorate  of  potash,  and  heating  this  salt,  when  the  combustion  of 
the  organic  substance  by  the  oxide  of  copper  appears  to  be  nearly  ended,  —  or 
better,  by  leaving  that  end  of  the  tube  open  and  connecting  it  with  a  gas-holder 
containing  oxygen. J  In  this  manner,  the  last  traces  of  carbon  are  eficctually 
burned. 

The  quantity  of  carbonic  acid  in  a  carbonate  may  be  easily  determined  by  de- 
composing the  carbonate  with  sulphuric  or  hydrochloric  acid  in  the  apparatus  re- 
presented at  page  4158,  the  flask  being  weighed  before  and  after  the  decomposition, 
and  the  quantity  of  carbonic  acid  estimated  by  the  decrease  of  weight  resulting 
from  its  evolution. 

The  quantity  of  carbonic  acid  contained  in  an  aqueous  solution,  a  mineral  water 
for  instance,  may  also  be  determined  by  mixing  the  soluticm  with  chloride  of  cal- 
cium and  excess  of  ammonia,  and  leaving  it  fur  a  day  in  a  corked  flask.  The 
precipitated  carbonate  of  lime  is  then  collected  on  a  filter,  washed,  dried,  and 
weighed. 

The  amount  of  carbonic  acid  in  a  gaseous  mixture  not  containing  any  other 
acid,  is  estimated  by  absorbing  the  carbonic  acid  with  caustic  potash.  When  the 
proportion  of  carbonic  acid  in  the  niixture  is  considerable,  this  end  may  be  at- 

*  Compt.  rond.  xxx.  48.  f  Ann.  Phnnn.  xci.  127. 

X  for  details  of  the  .ippnrntus,  nnd  the  mode  of  proceeding;,  nee  II.  llosc  {Ilanb.  d.  Analyt. 
Chtm.  ii.  05fJ),  and  (Jerhurdt  {Tnxitt'  ile  ChimU  On/uniquf.  i.  do).  A  very  convenieut  appa- 
ratus for  the  purpoac  has  hitely  been  introduced  hy  Dr.  Ilofmann. 
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taincd  by  placinpj  the  poBcous  mixture  in  a  graduated  tube  over  mcrcurr  aod  ia«»- 

ing  up  into  it  a  small  coke  ball  containing  a  stron«r  solution  of  cau^^tic  p*»u«h  \  but 

when  the  proportion  is  very  small,  as  in   the  air,  this  method  »  Dot  suffineutly 

delicate.     Accurate  results  nmy,  however,  be  obtained  by  drawiD«r  a  ct»nsl4enl«"i< 

quantity  of  air,  by  ^eans   of  an   aspirator,  through  a  series   of  pi3ta»h-buiM 

(p.  277)  previously  weighed,  the  quantity  of  air  drawn  throusrh  beioj:  of  cvun* 

carefully  measured.     Another  method  has  recently  been  proposed  by  Ih.  Pcueu- 

kofer;  it  consists  in  shaking  up  a  quantity  of  the  air  in  a  closed  vessel  of  kn"TQ 

capacity,  with  an  excess  of  lime-water  of  known  strength,  and  then  detenLinin; 

the  quantity  of  lime  remaining  uncombined  by  means  of  a  standaTxl  solntinn  oi 

oxalic  acid.     This  method  is  very  easy  of  execution,  and  gives  the  mtaxa  vf 

quickly  determining  the  varying  amount  of  carbonic  acid  in  the  several  parts  vf 

an  inhabited  apartment  at  different  times. 

Carbonic  oxide  is  most  readily  estimated  and  removed  from  a  gaseous  mixture 
by  means  of  a  solution  of  dichloride  of  copper  (p.  478)  in  hydrochloric  icM, 
which  absorbs  it  as  quickly  and  completely  as  potash  absorbs  carbonic  acid.  Whf  n 
no  other  gaseous  compound  of  carbon  is  present,  the  quantity  of  this  gas  msTal*) 
be  determined  by  exploding  it  with  oxygen,  and  absorbing  the  resulting  cari)ODie 
acid  by  potash.  For,  since  carbonic  acid  contains  its  own  volume  of  oxyseo.  tad 
carbonic  oxide  contains  half  its  volume  of  oxygen,  it  follows,  that  if  carbi'Die 
oxide  bo  exploded  with  half  it«  volume  of  oxygen,  the  volume  of  carbonic  acid 
produced  will  be  equal  to  that  of  the  carbonic  oxide  consumed  :  hence  the  \v\n^« 
of  carbonic  oxide  is  equal  to  that  of  the  gas  which  disappears  by  absorption  with 
potash. 

The  quantity  of  marsh  rja$  or  olejiant  gag  in  a  gaseous  mixture,  not  coDtaioioc 
any  other  carbon  compound,  may  be  determined  in  a  similar  manner.  Four  v>.ihimc« 
of  marsh  gas,  C2H4,  require  for  complete  combustion  8  volumes  of  oxygen,  and  pirw 
duce  4  volumes  of  carbonic  acid.  For  the  2  atoms  of  carbon  require  4  alon*  f4 
oxygen,  to  convert  them  into  carbonic  acid ;  and  tbe  4  atoms  of  hydrxigeo  n-quir? 
4  atoms  oxygen  to  convert  them  into  water ;  therefore,  in  all,  8  atoms  or  >  \ilaL-:ii 
(p.  130)  of  oxygen  :  moreover,  the  four  volumes  of  oxygen  required  to  ci»rj>onaf 
the  carbon  produce  4  volumes  of  carbonic  acid ;  hence  the  volume  of  gas  whivh 
disappears  by  absorption  with  potash  is  equal  to  the  original  volume  of  the  iuin>h 
gas. 

By  a  similar  calculation,  it  is  found  that  4  volumes  of  olefiant  gas,  CJl^,  reqairc 
12  volumes  of  oxygen  for  complete  combustion,  and  produce  8  vulume:^  of  car- 
bonic acid :  hence  the  volume  of  olefiant  gas  is  equal  to  half  the  volume  of  ptf 
removed  by  potash  after  the  explosion.  Olefiant  gas  may  also  be  removed  fmm  1 
ga.seous  mixture  by  the  introduction  of  a  coke-ball  saturated  with  aobydrov  .sul- 
phuric acid  or  fuming  oil  of  vitriol  (p.  717). 

For  the  methods  of  analyzing  gaseous  mixtures  containing  mar^h  gas  and  c«^ 
fiant  gas  mixed  with  hydrogen,  carbonic  oxide,  nitrogen,  and  other  ga«c9.  I  mu!>t 
refer  to  works  in  which  the  operations  of  gas-analysis  are  explained  in  detail.* 

Oxalic  acid  is  precipitated  from  its  aqueous  solution,  or  Iruni  solutions  vf  the 
alkaline  oxalates,  by  chloride  of  calcium,  ammonia  being  added  if  necessary  to 
render  the  solution  neutral.  The  precipitated  oxalate  of  lime  is  converted  bj 
ignition  at  a  low  red  heat  into  carbonate,  from  the  weight  of  which  the  qoaatitr 
of  oxalic  acid  may  be  calculated,  each  atom  of  carbonate  of  lime  (^CaO .  C0|)  cv'^ 
responding  to  1  atom  of  anhydrous  oxalic  acid,  C^Os :  — 

CaO.CA  =  CaO.CO,   +    CO. 

Oxnlnte  of  Carbonate  of 

lime.  lime. 


*  Bun8cn*8  "  Giuometry,**  translated  by  Roscoe,  London,  1867 ;  and 
£l^mentair«  de  Chimie,"  2me.  ed.  Paris,  tom.  ir.  pp.  79-108. 
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GoDflequently,  50  parts  of  carbonate  of  lime  give  36  parts  of  aohydrous  ozalio 
■cid|  CgOa)  or  45  parts  of  the  hydrated  acid,  CsH04.  In  neutralizing  the  solu- 
tion of  an  acid  oxalate  with  ammonia,  care  must  be  taken  to  avoid  excess  of  the 
■Ikali,  as  in  that  case  carbonic  acid  will  be  absorbed'  from  the  air,  and  carbonate 
of  lime  will  be  precipitated  as  well  as  oxakte.  It  is  better,  however,  to  precipi- 
tate oxalic  acid  from  its  acid  solutions  with  acetate  of  lime,  as  oxalate  of  lime  is 
quite  insoluble  in  acetic  acid. 

Oxalic  acid  may  also  be  very  exactly  estimated  by  means  of  a  solution  of  ter- 
eUoride  of  gold.  The  gold  is  then  reduced  to  the  metallic  state,  water  is  decern* 
p06od|  and  the  liberated  oxygen  converts  the  oxalic  acid  into  carbonic  acid :  — 

8CA  +  AuCl,  +  3H0  =  6C0a  +  3HC1  +  Au. 

• 

The  decomposition  may  be  performed  in  the  flask  apparatus  already  referred  to 
(fig.  438,  p.  186).  It  takes  place  at  ordinary  temperatures,  but  the  liquid  must 
be  boiled  at  the  end  of  the  process  to  expel  the  last  portions  of  carbonic  acid.  This 
method  may  be  applied  to  the  decomposition  of  all  oxalates,  whether  soluble  or 
insoluble  in  water,  the  insoluble  oxalates  being  dissolved  in  hydrochloric  acid. 
An  excess  of  that  acid  in  the  concentrated  state,  however,  greatly  interferes  with 
tlie  action ;  the  liquid  should,  therefore,  be  considerably  diluted  with  water,  and 
the  action  assisted  by  heat.  The  preceding  equation  shows  that  2  atoms  carbonic 
•cid,  GOg,  correspond  to  1  atom  of  anhydrous  oxalic  acid,  CiOj,  or  11  parts  by 
weight  of  carbonic  acid  to  9  parts  of  anhvdrous  oxalic  acid. 

Another  mode  of  converting  oxalic  acid  into  carbonic  acid,  is  by  acting  upon  it, 
either  in  the  free  or  combined  state,  with  biuoxide  of  manganese  and  sulphuric  or 
hydrochloric  acid  (p.  438). 

Oxalic  acid,  either  free  or  combined,  is  resolved,  by  heating  with  an  excess  of 
strong  sulphuric  acid,  into  a  mixture  of  equal  volumes  of  carbonic  acid  and  car- 
bonic oxide.  This  method  may  also  be  applied  to  the  estimation  of  oxalic  acid, 
bat  it  is  not  so  accurate  as  the  preceding. 

Lastly,  the  quantity  of  oxalic  acid  in  an  oxalate  may  be  estimated  by  burning 
the  compound  with  oxide  of  copper  (p.  771). 

Euimation  of  Cyanogen,  —  The  quantity  of  cyanogen  in  a  soluble  cyanide  is 
easily  determined  by  precipitation  with  nitrate  of  silver.  The  precipitated  cyanide 
of  nlver  is  collected  on  a  weighed  filter  and  dried  at  100^  C.  Every  134  parts  of 
it  contain  26  parts  of  cyanogen.  Many  insoluble  cyanides  may  be  decomposed  by 
boiling  with  sulphuric  or  hydrochloric  acid,  hydrocyanic  acid  being  evolved,  and 
the  metal  remaining  as  sulphate  or  chloride,  from  the  weight  of  which  the  quantity 
of  cyanogen  which  has  gone  off  may  be  calculated.  Lastly,  all  cyanogen  com* 
pounds  whatever  may  be  analyzed  by  burning  with  oxide  of  copper,  in  the  manner 
already  described. 

BORON. 

This  element  was  formerly  known  only  in  the  amorphous  state,  in  which  it  is 
obtained  by  the  action  of  potassium  on  boracic  acid  or  borofluoride  of  potassium. 
But  Wohler  and  Deville*  have  lately  obtained  it  in  two  distinct  crystalline  states, 
in  one  of  which  it  bears  a  close  resemblance  to  diamond,  and  in  the  other  to 
graphite. 

The  first  of  these  crystalline  forms  of  boron  is  obtained  by  decomposing  boracic 
acid  with  aluminium  at  a  high  temperature.  When  80  grammes  of  aluminium  in 
thick  lumps,  and  100  grammes  of  fused  or  pulverized  boracic  acid,  are  heated 
together  in  a  crucible  lined  with  charcoal  to  about  the  melting  point  of  nickel  for 
five  hours,  there  are  found  on  breaking  the  crucible  after  cooling,  two  distinct 
kyers,  one  of  which  is  glassy,  and  consists  of  boracic  acid  and  alumina,  while  the 
ether  is  metallic,  tumefied,  has  an  iron-grey  lustre,  and  consists  of  aluminium 

.. k ^ 

•  Compt  rend,  xlul  1088. 
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mixed  with  a  considerable  quantity  of  crystallized  boron,  some  of  the  crystals  b-ricc 
distinctly  visible  at  the  surface.  The  aluminium  is  dissolved  out  by  ^iruns  Isil-ac 
Boda-lcy,  and  the  residual  boron  is  freed  from  iron  by  di«j:eslion  iu  IjydrvLlwhc 
acid)  and  from  traces  of  silicon  by  a  mixture  of  nitric  and  hydrofiuorio  acid*.  It 
is  still,  however,  mixed  with  laminsB  of  alumina,  which  must  be  can^fully  pii:ki!il 
out. 

The  pure  product  thus  obtained  is  diamond-ltoron,  mixed,  however,  with  ifauil 
quantity  of  graphitoidal  boron,  which  latter  being  very  lijrht.  may  be  reniovtd  It 
suspension  in  water.  Diamond-boron  forms  transparent  crystaU,  havin:r  a  bvLtj- 
yellow  or  garnet-red  colour,  due  to  the  presence  of  small  quantities  of  fnrvijii  ^qU 
stances  3  it  has  hitherto  been  obtained  only  in  confused  a^i;regatc.s  uf  small  cn-tAl?. 
In  lustre  and  refractive  power,  it  is  scarcely  inferior  to  the  diamond  :  and  \*  -.zt 
of  the  hardest  bodies  known,  inasmuch  as  it  scratches  corundum,  and  cTon  th^: 
diamond  itself.  It  does  not  fuse  at  the  heat  of  the  oxyhydro£:cn  bl<>w{>if»?.  md 
withstands  the  action  of  oxygen  even  when  strongly  heated :  but  it  ii  sli^btij 
oxidized  at  the  temperature  at  which  the  diamond  burns,  a  lilm  of  boracie  acid 
being  then  formed,  which  protects  the  remainder  of  the  crystrils  from  oxiiiatirji. 
Heated  to  redness  in  chlorine  gas,  it  burns  and  produces  chloride  of  Uira. 
Heated  by  the  blowpipe  between  two  pieces  of  platinum-foil,  it  fonuit  a  fosiUe 
boridc  of  platinum.  It  is  not  attacked  by  acids  at  any  temperature,  but  vi«c 
heated  to  redness  with  bisulphate  of  potash,  it  is  converted  into  bonicio  acid.  It 
is  not  attacked  by  a  strong  boiling  solution  of  caustic  soda ;  but  hydrate  a^d  gv> 
bonate  of  soda  dissolve  it  slowly  at  a  red  heat.  JSitre  docs  not  appear  to  act  apift 
it  sensibly  at  that  temperature. 

Graphitoidal  Boron  is  produced  in  small  quantity  simultaneously  with  diamood- 
boron  by  the  process  above  described.  But  it  is  obtained  much  more  readiij  by 
treating  borofluoride  of  potassium  with  aluminium,  adding  as  a  flux  a  niixtnre  \A 
equal  parts  of  chloride  of  potassium  and  chloride  of  sodium ;  in  thii  maoQcr. 
small  masses  of  boride  of  aluminium  are  obtained,  which,  when  disrestod  in  hTdr> 
chloric  acid,  leave  graphitoidal  boron.  The  laminoc  of  this  substance  arc  often 
hexagonal :  they  have  a  slight  reddish  colour,  and  the  form  and  lustn:  of  natiTe 
graphite.     They  are  always  opaque. 

Amorphous  boron  is  formed  in  the  preparation  of  diamond-boron  when  a  jnmll 
globule  of  aluminium  comes  in  contact  with  a  large  quantity  of  boracie  acid,  m 
that  the  boron  does  not  dissolve  in  the  aluminium  as  fast  as  it  is  set  free.  Id  ;hii 
case,  after  the  aluminium  has  been  removed  by  the  use  of  caustic  soda  aod  fayiro- 
chloric  acid,  the  boron  remains  as  an  amorphous  mass  of  a  light  chocobte  eolw, 
and  exhibiting  the  properties  which  have  long  been  known  as  belontrinz  to  biv-j-o 
When  the  amorphous  boron  is  collected  on  a  filter,  the  portion  which  remii&i 
aJhcring  to  the  filter,  burns,  when  the  paper  is  dried  and  set  on  fire,  very  cuiij 
and  with  an  intense  light;  graphitoidal  boron,  under  the  same  circum^unvve, 
does  not  burn  at  all. 

Boracie  add, — According  to  A.  Vogel,*  the  brown  colour  imparted  to  tnnnenc 
by  boracie  acid  is  distinguished  from  that  produced  by  alkalies,  by  not  bei&$ 
destroyed  by  the  action  of  acids.  Thus,  when  an  alcoholic  tincture  of  tnn&enfl 
diluted  with  water  till  its  colour  becomes  light  yellow,  is  added  to  a  coDc«atntd 
solution  of  borax,  the  yellow  colour  is  changed  to  brown  by  the  alkaline  nactiiA 
of  the  salt,  but  on  adding  a  certain  quantity  of  sulphuric  acid,  the  yellow  goIiatv 
restored.  A  larger  quantity  of  sulphuric  acid  sets  free  the  boracie  acid,  and  agiifl 
produces  a  brown  colour ;  which,  however,  docs  not  disappear  on  further  additifii 
of  the  acid. 

For  detecting  small  quantities  of  boracie  acid  in  solutions,  mineral  watexs,  tit 
instance,  II.  K(wef  acidulates  the  liquid  with  hydrochloric  acidy  dips  a  ftrip  of 

•  Bepert  Fharm.  iu.  178.  f  Handb.  d.  Analjt.  Ghoa.  L  919^  MA. 


ESTIMATION    OF    BORON.  775 

tonneric  paper  into  the  liquid,  and  then  leaves  it  to  dry ;  if  boracic  acid  is  present, 
the  part  of  the  paper  which  has  been  immersed  in  the  li(][uid,  assumes  a  red-brown 
ooloor. 

Boracio  acid  being  but  a  weak  acid,  its  salts  are  often  decomposed  by  water. 
A  concentrated  solution  of  borax,  added  to  nitrate  of  silver,  throws  down  white 
borate  of  silver;  but  a  dilute  solution  —  which  in  fact  consists  of  borate  of  water 
mixed  with  free  soda — forms  a  brown  precipitate  of  oxido  of  silver.  If  to  a  strong 
solution  of  borax,  an  alcoholic  tincture  of  litmus  reddened  by  acetic  acid  bo  added 
in  such  quantity  that  the  red  colour  is  nearly  but  not  quite  destroyed,  and  the 
liquid  be  then  diluted  with  water,  the  red  colour  is  immediately  changed  to  bluo 
(H.  Rose).* 

Nitride  of  Boron,  BN This  compound  was  discovered  by  Balmain,f  who  at 

first  regarded  it  as  capable  of  uniting  with  metals  and  forming  compounds  analo- 
gous to  the  cyanides,  but  afterwards  found  that  all  these  supposed  metallic  com- 
pounds were  one  and  the  same  substance,  viz.  nitride  of  boron,  without  any  appre- 
ciable amount  of  metal.  Balmain  obtained  this  substance  by  heating  boracio  acid 
with  cyanide  of  potassium  or  cyanide  of  zinc,  or  with  cyanide  of  mercury  and 
sulphur.  It  has  since  been  more  completely  investigated  by  Wbhler,t  who  pre- 
pares it  by  heating  to  bright  redness,  in  a  porcelain  or  platinum  cruciDle,  a  mix- 
ture of  2  ptA.  of  dried  siil-ammoniac  and  1  pt.  of  pure  anhydrous  borax.  The  pro- 
dact  is  a  white  porous  mass,  which  is  pulverized  and  washed  with  water  to  free  it 
firom  chloride  of  sodium.  The  final  washings  must  be  made  with  boiling-water 
acidulated  with  hydrochloric  acid.  Boracic  acid  may  be  used  in  the  preparation 
instead  of  borax.  Wohier  formerly  obtained  the  nitride  of  boron  by  igniting 
aDhydrous  borax  with  ferrocyanide  of  potassium. 

Nitride  of  boron  is  a  white  amorphous  powder,  tasteless,  inodorous,  soft  to  the 
touch,  insoluble  in  water,  infusible,  and  non-volatile.  Elcated  at  the  point  of  the 
blowpipe-flame,  it  bums  with  a  bright  greenish-white  flame.  It  easily  reduces 
the  oxides  of  copper  and  lead,  giving  off  nitrous  fumes.  Heated  in  a  current  of 
aqueous  vapour,  it  yields  ammonia  and  boracic  acid  :  — 

BN  -f  3II0  =  BO3  -I-  NH3. 

Alkalies  and  the  groatcr  number  of  acids,  even  in  the  state  of  concentrated 
solution,  have  no  action  on  nitride  of  borun;  strong  sulphuric  acid,  however,  with 
the  aid  of  heat,  ultimately  converts  it  into  ammonia  and  boracic  acid.  Fuming 
hydrofluoric  acid  converts  it  into  borofluoride  of  ammonium.  Nitride  of  boron 
undergoes  no  alteration  when  heated  in  a  current  of  chlorine.  When  fused  with 
bydrate  of  potash,  it  gives  off  a  large  quautity  of  ammonia.  With  anhydrous  car- 
bonate of  potash,  it  yields  borate  and  cyanate  of  potash :  — 

BN  +  2(K0 .  COO  =  BO3 .  KO  +  C2NO .  KO. 

It  does  not  decompose  carbonic  acid,  even  at  the  highest  temperatures.  Mar]gnac§ 
found  also  that  nitride  of  boron  does  not  form  definite  compounds  with  metals, 
and  that  its  formula  is  BN. 

Estimation  0/  Boro^n  and  Boracic  acid. — The  most  exact  method  of  estimating 
boron  is  to  convert  it  into  borofluoride  of  potassium,  KF .  BF3.  If  the  substance  to 
bo  treated  is  free  boracic  acid  or  an  alkaline  borate,  a  suflicient  quantity  of  potash 
is  first  added,  then  an  excess  of  pure  hydrofluoric  acid  (so  that  the  escaping 
Tapours  may  redden  litmus),  and  the  mixture  is  evaporated  to  dryness  in  a  silver 
or  platinum  vessel.     The  dry  saline  mass  is  then  stirred  up  with  a  solution  of 
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acctntc  of  potasli  containing  20  per  cent,  of  the  salt ;  tben,  afier  a  iem  hrm% 
thntwn  on  a  weighed  filter,  and  the  precipitate  washed,  first  with  the  Mlntna  cf 
nc('tatc  of  potash,  till  the  filtrate  no  lonc^er  gives  a  precipitate  with  chlundt  of 
cuk'iuiii)  then  with  strong  alcohol,  and  dried  at  100°.  The  residue  cook^  of 
borofiuoride  of  potassium,  every  124*7  parts  of  which  eorrespond  to  tt4  9  of  \Anck 
acid  and  10-9  of  boron. 

The  twenty  per  cent,  solution  of  acetate  of  potash  dissolves  chloride  cf  fdoa- 
Slum  and  phosphate  of  potash,  and  likewise  the  sulphate,  though  less  readih:  it 
also  dissolves  soda-salts ;  the  fluoride,  however,  slowly.  Any  other  base«  which 
may  be  combined  with  the  boracic  acid,  must  be  previously  separated  bv  boilieg 
or  fusing  the  compound  with  carbonate  of  potash  (A.  Stromeyer.)* 

l^oracic  acid  cannot  be  estimated  in  its  aqueous  solution  by  simple  cvapontica 
to  dryness,  since  a  large  quantity  of  it  goes  off  with  the  watery  vapour. 

SILICON. 

Silicon,  like  boron,  may  bo  obtained  in  three  states  analogous  to  the  amorphoai, 
prraphito'ldal,  and  diamond  forms  of  carbon.  The  amorphous  variety  is  that  vblch 
Berzelius  obtained  by  the  action  of  potassium  on  silicofluoride  of  potaenaa 
(p.  2^9).  XL  Stc-Cluire  Devillc|  prepares  amorphous  silicon  by  paf^ia::  iU 
vapour  of  the  chloride  over  red-hot  sodium  in  an  atmosphere  of  dry  hyJrncca. 
The  silicon  thus  obtained  exhibits,  after  washing  and  drying  at  a  moderate  beat, 
the  properties  described  by  Berzelius. 

Silicon  is  fusible  —  its  melting  point  being  intermediate  between  the  meldn^ 
points  of  steel  and  cast  iron ;  but  when  heated  in  the  air,  it  quickly  bocKDta 
encrusted  with  a  coating  of  silicic  acid,  which  being  exceedingly  difficult  cf 
fusion,  causes  the  silicon  also  to  appear  infusible. 

Graphitoxdal  Silicon, — This  modification  of  silicon  was  first  obtained  by  DfriEe 
in  preparing  aluminium  by  the  electrolysis  of  the  double  chloride  of  aluniiDinii 
and  sodium.  The  first  portions  of  aluminium  thus  obtained  are  contaminated 
with  silicon  derived  from  tho  charcoal  electrodes ;  and  when  this  alloy  of  iilic^M 
and  aluminium  is  treated  with  hydrochloric  acid,  the  silicon  remains  uodiaK^Ivcd 
in  the  form  of  shining  metallic  scales  resembling  graphite.  A  mono  pn^ductiTe 
method  of  obtaining  this  variety  of  silicon  is  given  by  Wohler.;^  It  consists  ia 
mixing  aluminium  with  between  20  and  40  times  its  weight  of  silico-fluoride  c*f 
potaiisium,  and  heating  the  mixture  in  a  Hessian  crucible  to  the  melting  (M'ini  cf 
silver.  A  metallic  button  is  thus  obtained,  which,  when  treated  succowiTflj 
with  hydrochloric  and  hydrofluoric  acids,  yields  graphitoidal  silicon,  {urtlT  ia 
isolated  hexagonal  tables,  the  edges  of  which  arc  often  curved.  This  graphiwiiiil 
silicon  exhibits  all  the  properties  ascribed  by  Berzelius  to  silicon  which  has  ben 
strongly  heated.  Its  density  is  2*49,  which  is  less  than  that  of  quartz  (from  -*4 
to  2*8).  It  may  be  heated  to  whiteness  in  oxygen  gas  without  burning  or  UDJe^ 
going  any  alteration  in  weight ;  but  when  heated  to  redness  with  carUioite  of 
potash,  it  decomposes  the  carbonic  acid,  with  vivid  emission  of  light  and  formatioa 
of  silica.  It  is  not  attacked  by  any  acid.  A  strong  solution  uf  potash  or  wda 
dissolves  it  slowly,  with  evolution  of  hydrogen.  Heated  to  coramenciog  redooi 
in  dry  chlorine  gas,  it  burns  completely,  and  forms  chloride  of  silicon. 

OrtohftJral  or  Diamond  Silicon.  —  When  vapour  of  chloride  of  •ilieoi  il 
passed  over  aluminium  kept  in  a  state  of  fusion  in  an  atmosphere  of  hydr-irea, 
part  of  the  aluminium  is  converted  into  chloride,  which  volatilizes,  and  the  siltcM 
thereby  separated  dissolves  in  the  remaining  aluminium,  which  thus  becomes  nioit 
and  more  saturated  with  silicon ;  and  at  length  a  point  is  attained  at  which  tbt 
excess  of  silicon  separates  from  the  melted  aluminium  in  large  beautifol 
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liaving  a  dark  iron-grey  coloar^  reddish  by  reflected  light,  and  exhibitln^r  irides- 
cence like  that  of  iron-glance.  These  cr^'stals  arc  derived  from  the  rc<rular  octo- 
hedron,  and  often,  like  the  diamond,  exhibit  curved  fuce^;  they  arc  very  hard, 
and  are  capable  of  scratching  and  of  cutting  glass  (Deville). 

Atomic  weight  of  Silicon.  ^~lt  is  still  a  disputed  question  whether  the  atomic 
weight  of  silicon  should  be  21*35  or  14-1,  and  accordingly,  whether  the  formula 
of  the  oxide,  chloride,  &c.,  should  bo  SiOj,  SiClg,  &o.,  or  Si02t  SiClj,  &c.  The 
Ta pour-density  of  the  chloride,  5-939  according  to  Dumas,  is  in  favour  of  the 
formula  SiGlf,  which  gives  a  condensation  to  2  volumes  (or  rather  SijCIf,  giving  a 
condensation  to  4  vols.),  whereas  the  formula  SiClj  would  involve  the  very  unusual 
condensation  to  3  volumes.  An  argument  in  favour  of  this  latter  formula  has 
been  drawn  from  the  di£Ference  between  the  boiling  points  of  the  bromide  and 
chloride  of  silicon  (153^  —  59**  C  =  94  =  3  x  32  nearly),  inasmuch  as  the 
earlier  researches  of  H.  Kopp  had  led  him  to  conclude  that  the  boiling  points  of 
analogous  chlorides  and  bromides  generally  differ  by  multiples  of  32°  0.  Kopp 
has,  however,  more  recently  shown  that  this  law  is  very  far  from  being  a  gcnenu 
expression  of  observed  results,  and  that  the  difference,  23 -5°  or  its  multiples, 
occurs  quite  as  frequently.  Now  the  difference  94  between  the  boiling  points  of 
bromide  and  chloride  of  silicon,  is  jUst  4  X  23*5,  and  is  therefore  so  far  con- 
aistent  with  the  formula)  SijBr^  and  SifCl^. 

Colonel  Yorke^  has  endeavoured  to  determine  the  formula  of  silicic  acid,  by 
ascertaining  the  quantity  of  carbonic  acid  displaced  from  excess  of  an  alkaline 
carbonate  by  fusion  with  a  given  weight  of  silica.  Experiments  with  carbonate 
of  potash  gave,  as  a  mean  result,  30*7  for  the  equivalent  of  silicic  acid,  agreeing 
with  the  formula  SiOj  (141  +  2x8  =  30-1).  Experiments  with  carbonate  of 
Boda  gave  21-3  for  the  equivalent  of  silicic  acid,  agreeing  nearly  with  half  that 
which  is  represented  bv  the  formula  SiOj  (21-35  +  3x8  =  45-35).  Experi- 
ments with  carbonate  of  lithia  gave  the  number  14-99,  agreeing  nearly  with  the 
formula  SiO.  By  fusing  23  parts  of  silica  with  54  parts  of  carbonate  of  soda, 
dissolving  the  fused  mass  in  water,  and  evaporating  the  solution  in  vacuo,  a  cr}'s- 
tallized  salt  was  formed  containing  (besides  5  per  cent,  of  carbonate  of  soda)  the 
salt  NaO.SiUg  +  7110.  These  results  seem  to  show  that  silicon  is  capable  of 
uniting  with  oxygen  in  more  than  one  proportion^  a  conclusion  in  accordance  with 
the  results  obtained  by  other  experimenters. 

Wohler  and  Buff,*!"  by  heating  silicon  to  low  redness  in  a  current  of  dry  hydro- 
chloric acid  gas,  have  obtained  a  new  chloride  of  silicon,  which  is  a  mobile  fuming 
liquid,,  more  volatile  than  the  terchloridc.  Water  decomposes  this  liquid,  funning 
hydrochloric  acid,  and  a  new  oxide  of  silicon,  which  is  a  white  substance,  slightly 
soluble  in  water,  but  dissolving  very  easily  in  alkalies, — even  in  ammonia,  with 
evolution  of  hydrogen  and  formation  of  silicic  acid.  When  heated  in  the  air,  it 
bums  with  a  white  flame.  This  compound  is  evidently  a  lower  oxide  of  silicon^ 
but  its  exact  composition  has  not  yet  been  determined. 

Fuchs  has  obtained  two  hydrates  of  silicic  acid ;  one  containing  between  9*1 
and  9*6  per  cent,  of  water,  the  other  between  6*6  and  7  per  cent.  The  former 
might  be  denoted  by  either  of  the  formula),  2SiOs.lIO  or  3Si02.UO,  according 
to  the  atomic  weight  of  silicon  chosen;  but  the  latter  agrees  only  with  the 
formula,  4SiOa.HO.  J 

The  true  formula  of  silicic  acid  and  atomic  weight  of  silicon  must  then  bo 
considered  as  still  undecided ;  the  balance  of  evidence  seems,  however,  to  incline 
in  favour  of  the  formula,  SiO^,  making  the  atomic  weight  of  silicon  14-1.  The 
analogy  between  silicic  acid  and  titanic  acid  points  to  the  same  conclusion. 

Chhritie  of  ISilicon  and  Hydrogen,  SiaCl«.2HCl.  —  This  is  the  compound 
whicli  AVohlcr  and  Buff  obtained  by  heating  cr)'stalliue  silicon  in  a  current  of  dry 
bydn»chloric  acid  gas.     It  is  a  colourless,  very  mobile  liquid,  of  sp.  gr.  1*65,  and 
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the  silica.  The  residue  ninj  then  be  dried,  ignited,  and  wei^rhed.  The  complete* 
new  of  this  scp^iratiun  depends  on  the  perfect  drying  of  the  silica  before  it  is  boiled 
with  the  acidulated  water.  Now,  to  ensure  this  complete  dryness,  the  silica  must 
be  heated  somewhat  above  the  temperature  of  the  water-bath,  the  drying  being 
completed  on  a  sand-bath  or  over  a  lamp.  In  doing  this,  it  sometimes  happens 
that  too  much  heat  is  applied,  and,  in  that  case,  certain  other  substances,  espe- 
cially alumina  and  oxide  of  iron,  may  also  be  rendered  insoluble  in  the  dilute  acid. 
To  obviate  tliis  source  of  error,  the  dried  residue  must  be  moistened  all  over  with 
strong  hydrochloric  acid,  then  left  to  stand  for  half  an  hour,  and  afterwards  boiled 
with  water.     Everything  will  then  dissolve  excepting  the  silica. 

Ana!j/ai8  of  Silicates.  —  Some  natural  silicates,  cerite,  for  example,  are  com- 
pletely decomposed  by  hydrochloric  acid.  In  that  case,  it  is  sufficient  to  boil  the 
pulverized  mineral  with  strong  hydrochloric  acid  as  long  as  anything  continues  to 
De  dissolved ;  then  evaporate  to  complete  dryness,  and  treat  the  residue  as  above. 
The  liquid  filtered  from  the  insoluble  silica  contains  the  bases  of  the  mineral, 
which  may  be  separated  and  estimated  by  methods  already  described. 

Silicates  which,  like  felspar,  resist  the  action  of  hydrochloric  acid,  are  decom- 
posed by  fusion  with  an  alkaline  carbonate.  The  mineral,  very  finely  powdered, 
u  mixed  in  a  platinum  crucible  with  three  or  four  times  its  weight  of  dry  carbo- 
nate of  soda ;  the  platinum  crucible,  placed  within  an  earthen  crucible  lined  with 
magnesia,  and  heated  to  bright  redness  in  a  furnace  for  about  twenty  minutes ;  the 
fused  mass,  when  cold,  removed  from  the  crucible  by  digestion  in  dilute  hydro- 
chloric acid  with  the  aid  of  heat ;  the  whole  evaporated  to  dryness ;  and  the  silica 
separated,  and  the  bases  determined  as  above.  Some  silicates,  zircon  for  example, 
resist  the  action  of  alkaline  carbonates,  and  must  bo  decomposed  by  fusion  with 
hydrate  of  potash  or  soda  in  a  silver  crucible. 

By  this  process,  not  only  the  silica,  but  all  the  bases  of  silicate  may  be  deter- 
mined, excepting  the  alkalies.  To  determine  these,  the  mineral,  reduced  to  an 
almost  impalpable  powder,  is  very  intimately  mixed  with  five  times  its  weight  of 
pure  carbonate  of  lime,  and  the  mixture  exposed  in  a  platinum  crucible,  protected 
aa  above,  to  the  strongest  heat  of  an  air-furnace  for  about  half  an  hour.  The 
mass,  which  is  not  fused,  but  sintered  together,  is  then  digested  in  dilute  hydro- 
chloric acid;  the  silica  separated  as  before;  the  greater  part  of  the  lime  and  like- 
wise the  bases  of  the  silicate  precipitated  by  carbonate  of  ammonia  and  free  am- 
monia ;  the  filtrate  evaporated  to  dryness,  and  the  ammoniacal  salts  expelled  by 
ignition;  the  residue  redissolved  in  water;  the  remainder  of  the  lime  precipitated 
by  oxalate  of  ammonia ;  and  the  ammoniacal  salts  again  expelled  by  evaporation 
and  ignition.  The  residue  then  contains  nothing  but  the  chlorides  of  the  ^ed 
alkalies  and  ma<;nesia,  if  that  substance  was  contained  in  the  mineral.  Carbonate 
of  baryta  may  also  be  used  instead  of  carbonate  of  lime,  and  the  excess  of  baryta 
removed  by  sulphuric  acid. 

Another  method  of  obtaining  the  alkalies  in  a  silicate,  is  to  decompose  it  with 
hydrofluoric  acid  aided  b^  a  gentle  heat.  The  acid  must  bo  added  by  small  por- 
tions to  the  finely  pulverized  mineral  contained  in  a  platinum  dish,  till  the  action 
ceases  and  the  whole  is  reduced  to  a  pasty  mass.  This  mass  is  then  heated  with 
Btrong  sulphuric  acid,  which  expels  fluoride  of  silicon  and  hydrofluoric  acid ;  the 
residue  is  heated  to  low  redness  to  expel  the  excess  of  sulphuric  acid ;  the  dry 
mass,  when  cold,  moistened  with  strong  hydrochloric  acid,  and,  after  standing  for 
about  half  an  hour,  digested  with  water.  The  whole  then  dissolves,  provided  the 
decomposition  by  the  hydrofluoric  acid  has  been  complete.  The  solution  contains 
the  alkalies  and  the  other  bases  in  the  state  of  sulphates. 
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AUofropic  McKlificatiofis  of  Svlphyr  (p.  292). — Among  the  varioof  modifier 
tions  of  bulphuT,  there  are,  according;  to  Berthelot,*  two  principal  rtatcf  wbteh 
arc  more  stable  than  the  rest,  and  are,  in  fact,  the  limits  to  which  all  the  ocben 
niay  be  reduced.  These  arc,  first,  the  octokcdraly  or  ttcctrv-ntyatir^  ralplmr, 
which  acts  as  a  supporter  of  combustion,  and  the  fiertro-pfAfifir^^  or  cctnhiudbtfl 
sulphur,  which  is  generally  amorphous  and  insoluble  in  bisulphide  of  carKs, 
alcohol,  &c. 

Allied  to  octohedral  sulphur  are  two  conditions  of  inferior  stability,  yii.,  the  pn»> 
matic  variety,  which  crystallizes  from  melted  sulphur,  and  the  soft  eniulHocaUe 
sulphur  (milk  of  sulphur),  precipitated  from  the  solution  of  an  alkaline  pohnl- 
phide  by  the  action  of  acids.  Both  these  varieties  of  sulphur  arc  soluble  in  hi> 
sulphide  of  carbon,  and  change  spontaneously  into  octohedral  sulphur  after  t  ce^ 
tain  time. 

Electro-positive  sulphur,  properly  so  called,  is  that  which  is  obtained  whea  fal- 
phur  separates  from  any  of  its  compounds  with  oxygen,  chlorine,  bromine,  Ac, 
the  chloride  or  bromide  yielding  the  most  stable  variety.  It  is  amorphood  and  in- 
soluble in  solvents  properly  so  called,  that  is  to  say,  in  liauids  which  do  not  srt 
upon  it  chemically,  such  as  water,  alcohol,  ether,  bisulphide  of  carbon,  &c. 

To  this  electro-positive  sulphur  are  allied  several  modifications  more  or  Icfs  & 
tinct,  which  may  perhaps  be  reduced  to  three  principal  varieties,  all  amorphcw. 
but  less  stable  than  the  one  just  mentioned,  viz.,  the  soft  sulphur  precipitated 
from  solutions  of  the  hyposulphites ;  the  insoluble  sulphur  obtained  bj  ezhioft- 
in<r  flowers  of  sulphur  with  alcohol  and  bisulphide  of  carbon ;  and  the  insulohle 
sulphur  obtained  by  exhausting  with  bisulphide  of  carbon  the  soft  sulphur  pro- 
duced by  the  action  of  heat  These  varieties  are  distinguished  one  from  the 
other  by  the  greater  or  less  facility  with  which  they  are  transformed  into  solsbk 
cr}*stallizablc  sulphur,  either  by  a  temperature  of  100°  C,  or  by  contact  with  cf^ 
tain  electro-positive  bodies,  such  as  the  alkalies  and  their  sulphides,  an  alcc^iofie 
solution  of  hydrosulphuric  acid,  &c.  By  the  contrary  influences,  that  is  to  ay, 
by  contact  with  bodies  having  a  decided  electro-negative  character,  they  may  ill 
be  reduced  to  the  most  stable  insoluble  variety,  vii.,  that  which  is  deposited  froa 
the  chloride  or  bromide  of  sulphur. 

The  particular  modification  which  sulphur  assumes  when  separated  from  any  of 
its  compounds,  depends  essentially  on  the  nature  of  that  compound.  It  is  alttn 
gethcr  independent  of  the  state  of  the  sulphur  previous  to  combination,  ind  like- 
wis^of  the  reagent  which  produces  the  separation,  provided  that  reagent  his 
neither  a  decided  electro-positive  character,  such  as  the  alkalies,  nor  a  decided 
electro-negative  or  oxidizins  character,  and  provided  that  it  acts  rapidly  and  with- 
out any  considerable  evolution  of  heat.  The  influence  of  these  latter  oonditioBiii 
is  due  chiefly  to  the  une(|ual  stability  of  the  several  modifications  of  sulphor. 
Of  all  these  varieties,  the  octohedral  sulphur  is  the  most  stable,  and  that  to  vhiek 
all  the  others,  even  the  most  electro-positive,  tend  to  return,  especially  under  the 
influence  of  heat.     (Berthelot). 

Sulphur,  deposited  at  the  positive  pole  of  the  voltaic  battery  in  the  electidnii 
of  an  aqueous  solution  of  hydrosulphuric  acid,  is  soluble  in  bisulphide  of  evboa 
and  cry  stall  izable ;  but  that  which  is  deposited  at  the  negative  pole  in  the  ek«tr»> 
lysis  of  sulphurous  or  sulphuric  acid,  is  insoluble  in  bisulphide  of  carbon 
(Berthelotf). 

Magnus  |  obtained  a  black  modification  of  sulphur  by  repeatedly  beating  nt 
phur  to  300°  C,  cooling  suddenly,  and  exhausting  with  bisulphide  of  carbon;  and 
this  black  sulphur,  heated  to  a  temperature  between  180^  and  150°,  passed  ioloft 

*  Ann.  Ch.  Pbys.  [3J,  zliz.  430.  f  ^^K-  -^u-  seiL  808. 
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red  modificatioD.  According  to  Mitscherlich,  however,  pure  sulphur  does  not 
exhibit  these  modifications,  but  when  sulphur  is  melted  with  small  quantities  of 
fatty  matters,  yarious  highly  coloured  products  are  obtained.  Even  the  grease 
imparted  by  touching  sulphur  with  the  fingers,  is  sufficient  to  alter  its  colour 
considerably  when  melted. 

Vapour  of  sulphur,  when  it  comes  in  contact  with  cold  bodies,  condenses  in  the 
form  of  utricieSf  that  is  to  say,  of  globules  composed  of  a  soft  external  pellicle  filled 
with  liquid  sulphur.  They  sometimes  retain  their  liquid  form  for  a  considerable 
time.  This  utricular  condition  has  also  been  observed  in  selenium,  iodine,  phos- 
phorus, and  arsenious  acid.    (Brame  *,). 

Respecting  the  melting  point  of  sulphur,  the  observations  of  different  experi- 
menters vary  from  104 '5®  to  112*2°  C.  This  discrepancy  is  attributed  by  I*ro- 
fessor  Brodie  f  to  the  fact  that  the  melting  point  of  sulphur  varies  according  to  its 
allotropic  state.  According  to  the  observations  of  that  chemist,  rhombic  or  octo- 
Ledral  sulphur  (crystallized  from  bisulphide  of  carbon,  alcohol,  or  benzol)  melts 
at  114*5°  C.;  but,  between  100°  and  114*5°,  it  is  transformed  into  the  oblique 
prismatic  modification,  which  melts  at  120°,  and  if  not  afterwards  more  strongly 
heated,  solidifies  at  nearly  the  same  point.  If,  however,  its  temperature  be  further 
raised,  it  does  not  solidify  till  cooled  to  111*5°,  and  if  it  be  then  heated,  melts  at 
a  point  very  little  higher.  In  fact,  above  120°,  sulphur  begins  to  pass  into  the 
plastic  state,  which  is  more  fusible.  The  variety  insoluble  in  bisulphide  of  carbon 
has  a  melting  point  considerably  above  120°.  The  gradual  loss  of  transparency 
of  the  prismatic  sulphur  crystallized  from  fusion,  arises,  according  to  Brodie,  from 
the  hardening  of  plastic  sulphur  mechanically  enclosed  within  the  crystals.  When 
crystals  which  have  thus  lost  their  transparency,  arc  digested  in  bisulphide  of 
carbon,  a  portion  al?rays  remains  undissolved.  If  sulphur  which  has  been  fused 
and  strongly  heated,  be  suddenly  cooled  by  a  mixture  of  solid  carbonic  acid  and 
ether,  it  solidifies  in  a  hard,  perfectly  transparent  mass,  which  becomes  soft  and 
elastic  at  Ordinary  temperatures.  This  appears,  indeed,  to  be  the  solid  state  of 
plastic  sulphur. 

Ibrmation  of  Anhydrous  Sulphuric  acid. — When  a  dry  mixture  of  2  vols,  sul- 
phurous acid  and  1  vol.  oxygen  or  atmospheric  air,  is  passed  through  a  red-hot 
ghiss  tube  containing  certain  metallic  oxides,  e,  g,  cupric,  ferric,  or  chromic  oxide, 
the  gases  unite  and  produce  dense  white  fumes  of  anhydrous  sulphuric  acid.  A 
mixture  of  the  oxides  of  copper  and  chromium  induces  the  combination  with  pecu- 
liar facility.  These  oxides  appear  to  be  capable  of  inducing  the  combination  of 
unlimited  quantities  of  sulphurous  acid  and  oxygen.  Spongy  metallic  copper  pro- 
duces the  same  effect  when  heated,  but  not  till  the  copper  has  become  oxidized. 
Clean  polished  platinum  foil,  or  spongy  platinum,  produces  the  combination  con- 
siderably below  a  red  heat,  but  not  at  ordinary  temperatures.     (Wbhler|). 

Sulphide  of  Nitrogen  (p.  309  V — This  body  was  discovered  by  Soubciran,  who 
anigned  to  it  the  formula  NSj ;  out  it  has  since  been  more  minutely  examined  by 
Fordos  and  G^lis,§  who  have  shown  that  its  true  formula  is  NSj.  The  best  mode 
of  preparing  it  is  to  pass  dry  ammoniacal  gas  into  a  solution  of  protochloridc  of 
Bulphur,  SCI,  in  eight  or  ten  times  its  volume  of  bisulphide  of  carbon.  Crystals 
of  sal-ammoniac  are  then  deposited,  and  the  solution  becomes  darker  in  colour, 
and  deposits  cochineal-coloured  flakes,  which  soon  decompose  and  turn  brown. 
An  excess  of  ammonia  decomposes  this  brown  compound.  The  current  of  gas 
must  be  continued  till  the  solution  acquires  an  orange-yellow  colour,  and  contains 
only  very  slightly  coloured  flakes,  which  may  be  separated  by  filtration.  The 
filtrate,  when  left  to  evaporate,  deposits  crystals  of  sulphur,  while  the  sulphide  of 

*  Compt  rend.  xsix.  6-57;  xxxiii.  538,  570.  t  Ami.  Ch.  Pharm,  Ixxxi.  255. 

f  ProoeediDgs  of  the  Bojal  Society,  vii.  24.  |  Compt.  rend.  xxxi.  702. 


TS2  SULPHUR. 

nitrivjen  remains  in  tlic  mother  liquid,  and  may  be  obtained  bj  further  eripon- 
ti'jn  vi  the  decanted  liquid.     The  reaction  is  as  follows  :  — 

35C1  +  4NH,  =  NS,  +  S  +  3NII,C1. 

At  the  same  time,  however,  there  are  a  number  of  i n termed i ate  product*  f:>rm«d 
(the  brown  fiocculent  matters  above-mentioned),  consistini;  of  comp«>und*  .jf  f^ii- 
phMo  of  nitropren  with  ehloride  of  sulphur,  viz.,  SCI .  NS^  TSOl  .  2NSj ;  and  Sn . 
oN^^, :  but  these  are  all  uhimately  decomposed  by  excess  of  ammonia.  i?a!i!iide 
of  nirr'>j»-n  forms  similar  compounds  with  dichloride  of  sulphur,  S^Cl. 

SuipV.iJe  of  nitroiron  is  insoluble  in  water,  slitrhtly  soluble  in  alcohi.l.  wv»i. 
spiric.  ciher.  and  oil  of  turpentine ;  bisulphide  of  carbon  diss4.»Ives  it  to  the  &D>-;ar.t 
tf  lo  parts  in  1000,  and  the  solution  deposits  the  compound  in  small  cl«nLr*i?*d 
p^I^a^^  dfrived  from  the  right  rhomboidal  prism,  and  terminated  with  o;l<.Jnl 
sumnjits :  thoy  are  transparent  and  of  a  golden  yellow  cnlour.  The  soIuiIl'U  ira»t. 
howovi^r.  be  evaporated  immediately,  for  it  decomposes  after  a  short  time.  _vN!'ii:^s 
hv Jr.  sulr'hocvanic  acid,  and  a  vellow  substance  like  that  which  is  commorki^jilpd 
sulphivyanoeen.  Water  slowly  decomposes  sulphide  of  nitrogen,  yioldius  iVw 
ammonia,  ti.'^jether  with  hyposuiphurous  and  trithionic  acids :  — 

4NS,  +  15H0  =  NU,O.SA  +  2^X11,0.  SA)  -f  NH^ 

Pnrf'.'SKfphi-h  or  Carbon,  CS. — ^This  compound  is  obtained  :  1.  By  passinj  the 
vapi  ur  of  bisulphide  of  carbon  over  spongy  platinum  or  puniice-st«me  bwte^  to 
redness ;  sulphur  is  then  deposited,  and  the  protosulphido  liberated  in  iho  f  ra 
cf  iTiis.  2.  In  the  preparation  of  the  bisulphide,  and  simultaneously  thorv-wiri. 
o.  By  deo"?  Hi  posing  the  vapour  of  the  bisulphide  at  a  n^d  lioat  by  means  of  Ia::p- 
b!r.ok.  w>.d-cliareo:il,  and  especiallv  bv  animal  charcoal  in  fniirTiienL<.  4.  Kt 
doooii.p-.-.s:a:r  the  vapour  of  the  bisulphide  at  a  red  hvat  with  hydrogen,  .'i.  Uj 
ea'.v-:c:!:g  sulphide  of  antimony  with  excess  of  charcoal.  G.  By  the  action  --f  t-sr- 
bouio  oxide  en  hydrosulphuric  acid  at  a  red  heat  I  — 

CO  +  Hs  =  no  +  cs. 

7.  By  the  action  of  sulphurous  acid,  or  chloride  of  sulphur,  on  defiant  gas  at  a  ni 
heat.     S.  In  the  decomposition  of  sulphocyanogen  by  heat,  iV*c. 

The  drst  process  yields  the  gas  tolerably  pure ;  that  which  is  obtained  bv  the 
ether  prwoNSCS  is  mixed  with  hydrosulphuric  acid,  and  carbi:>nie  oxiJo.  It  is 
puridid  by  passing  it  rapidly  through  K^lutions  of  acetate  of  lead,  and  aichlo* 
ride  of  copper  dissolved  in  hydrochloric  acid,  and  then  drit*d  and  culiectf^J  vT«r 
mcrvurv. 

Protosn:phide  of  carb«:»n  is  a  colourless  gas,  having  a  stronclv  ethereal  «>i*^. 
rosombiiag  that  of  the  bisulphide,  but  not  disagn*eable.  When  brealhiM  in  t'^ 
larjo  a  ijuantity.  it  appear?  to  be  powerfully  anaesthetic.  It  bums  with  a  tnt 
tiaitie.  I Tk'ducirg  carbonic  and  sulphurous  acids,  and  a  little  sulpliur.  Its  drn*ity 
is  sovjcwhat  greater  than  that  of  carbonic  acid.  It  dues  not  Ii<|ucfy  at  tb«*  tviL- 
po  rat  lire  of  a  mixture  of  ice  and  salt.  Water  dissolves  nearly  its  own  v».iiame '."f 
this  giis ;  but  dovvnip'.»sos  it  somewhat  quickly  into  hydn.«sulphuric  acid  iD-i  car- 
Iv'iiiv'  oxiao.     It  is  sea  reel  v  more  soluble  in  alcohol  or  t-thcr.      It  is  not  abe^'rt-rd 


qual 
CaO  +  CS  =  CaS  +  CO. 


This  reaction  establishes  its  oonlpo^ition.  which  is  further  confirmoil  bv  iht?  fart, 
that,  when  exp!.Hicd  with  oxygen,  it  yields  c<|ual  vulunics  of  carln^rJc  aoJ  id- 
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graphitoidal  carbon ;  5.  By  an  equal  volume  of  chlorine  in  sunshine,  with  for- 
mation of  products  not  yet  examined.     (Baudrimont.*) 

Bisulphide  of  Carhon By  the  action  of  nascent  hydrocren  (poneratod  by 

slowly  decomposing  hydrocliloric  acid  with  zinc)  upon  bisulphide  of  carbon, 
Girardf  has  obtained  a  compound,  GIIS,  which  is  neutral  to  vegetable  colours, 
has  a  powerful  odour,  is  insoluble  in  water,  dissolves  spariuirly  in  alcohol,  ether, 
and  rock-oil,  more  readily  in  chloroform  and  bisulphide  of  carbon,  but  most  readily 
in  benzol ;  cr}\stallize8  from  its  solutions  in  square  prisms ;  sublimes  un'dccom posed 
at  150*^  C.  in  long  needles  ;  but  decomposes  at  200°.  It  is  not  altered  by  alkalies ; 
dissolves  in  warm  hydrochloric  acid ;  and  is  decomposed  by  nitric  and  by  strong 
sulphuric  acids.  It  forms  crystalline  compounds  with  nitrate  of  silver,  and  with 
the  chlorides  of  platinum,  gold,  and  mercury. 

Bisulphide  of  carbon,  enclosed  with  water  in  a  sealed  tube,  and  heated  for  three 
or  four  hours  to  150°  C,  is  resolved  into  carbonic  and  hydrosulphuric  acids. 
Many  metallic  oxides  and  salts,  treated  in  a  similar  manner  with  bisulphide  of 
carbon,  yield  carbonic  acid  and  a  metallic  sulphide.     (Schlagdcnhaufien.|) 

Quantitative  estimation  of  Sulphur  and  its  compounds.  —  Sulphur  is  almast 
always  estimated  in  the  form  of  sulphuric  acid.  To  determine  the  quantity  of 
sulphur  in  a  metallic  sulphide,  the  compound  is  heated  with  nitric  acid,  aqua- 
re^a,  or  sometimes  with  a  mixture  of  hydrochloric  acid  and  chlorate  of  potash, 
till  the  metal  is  oxidized,  and  the  sulphur  converted  into  sulphuric  acid.  The 
solution  is  then  treated  with  chloride  of  barium  or  nitrate  of  baryta,  and  the  pre- 
cipitated sulphate  of  baryta  collected  on  a  filter,  washed,  dried,  and  ignited. 
Before  adding  the  baryta-solution,  however,  the  liquid  must  be  considerably  diluted 
with  water,  because  the  nitrate  and  chloride  of  barium  are  themselves  insoluble 
iD^ti-ong  nitric  and  hydrochloric  acids.  The  liquid  is  then  boiled,  and  afterwards 
loft  to  stand  till  the  precipitate  has  completely  settled  down ;  after  which  the  clear 
liquid  is  first  passed  through  the  filter,  and  then  the  precipitate  thrown  upon  it; 
if  the  precipitate  be  poured  upon  the  filter  before  it  has  settled  down,  it  will  be 
sure  to  run  through.  As  the  oxidation  of  the  sulphur  is  very  slow,  the  metal 
being  completely  oxidized  and  dissolved  long  before  it,  and  a  portion  of  the  sul- 
phur separated  in  the  free  state,  it  is  sometimes  convenient  to  collect  this  portion 
ou  a  small  weighed  filter,  determine  its  amount  by  direct  weighing,  and  after- 
wards estimate  the  dissolved  portion  as  above. — In  the  sulphides  of  gold  and  pla- 
tinum, from  which  the  sulphur  is  completely  expelled  by  ignition,  its  quantity 
may  be  at  once  determined  by  weighing  the  residual  metal.  The  sulphides  of  the 
alkali-metals  and  alkaline  earth-metals  are  sometimes  analyzed  by  decomposing 
them  with  hydrochloric  acid,  receiving  the  evolved  hydrasulphuric  acid  in  a  solu- 
tion of  acetate  of  lead,  oxidizing  the  precipitated  sulphide  of  load  with  fuming 
nitric  acid,  weighing  the  sulphate  of  lead  thus  produced,  and  thence  calculating 
the  quantity  of  sulphur. 

The  sulphur  in  organic  compounds  may  likewise  be  estimated  by  oxidizing  the 
compound  with  fuming  nitric  acid,  and  precipitating  the  resulting  sulphuric  acid 
with  a  baryta-solution.  Another  method,  given  by  Dr.  W.  J.  liu.ssell,§  is  to  burn 
the  substance  in  a  combustion-tube  witli  oxide  of  mercury,  carbonate  of  soda 
being  added  to  take  up  the  sulphuric  acid  produced,  and  a  small  bent  tube  dip- 
ping under  water  fitted  into  the  open  end  of  the  combustion -tube,  so  that  any 
acid  vapours  that  escape  may  be  condensed  in  the  water.  At  the  end  of  the  com- 
bustion, this  liquid  is  acidulated  with  hydrochloric  acid ;  the  tube  washed  out 
with  the  acid  solution ;  the  liquid  filtered ;  and  the  sulphuric  acid  precipitated  by 
chloride  of  barium. 

The  quantity  of  sulphuric  acid  in  a  soluble  sulphate  is  estimated  by  precipi- 
; 

*  Compt.  rend.  xliv.  1000.  f  Compt.  rend,  xliii.  300. 
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tatinrr  the  aqueous  solution  with  chloride  of  barium.  Some  sulphtto«  w:.-  -h  are 
insoluble  iu  water  may  be  dissolved  in  hydrochloric  or  nitric  acid,  anil  tbi  l^rMl- 
solutiou  thon  added.  The  sulphates  of  lime,  strontia,  ami  load  xnny  l-  •)•*  w 
posed  by  boiling  with  a  solution  of  carbonate  of  soda  (p.  TStJ;,  and  th«-  *ilpStt-;^ 
acid  precipitated  by  chloride  of  barium  from  the  filtered  solution.  preTi'-a.*l\  lvi- 
dulatcfi  with  nitric  or  hydrochloric  acid.  Sulphate  of  bank'ta  must  be  d':'"-  utfijiw<j 
by  fus*ion  in  a  platinum  crucible  with  three  times  their  weight  uf  carb  •nj!e  jf 
soda;  the  fused  mass  digested  in  water;  the  filtered  soda-solutiun  acidul^ivsi: 
and  the  sulphuric  acid  precipitated  as  above. 

Salphurous  and  hyposulphurous  acid  may  be  estimated  bj  oxidation  with  nitrie 
acid,  whereby  they  are  converted  into  sulphuric  acid^  or  by  Buosen's  iodonutrie 
method  (p.  ^01). 

SELENirM. 

Prfpnratwn  of  Selenium  (p.  311).  —  This  element  is  cstnicted  from  na«nl 
selenides,  and  principally  from  the  seleniferous  ores  of  the  Ilarz,  by  the  f-.Ii^iriri; 
process: — The  pulverized  ore  is  treated  with  hydrochloric  acid,  to  rcmure  rbe 
earthy  carbonates  with  which  it  is  mixed.  The  residue,  after  bein*;  well  WA*hci 
and  dried,  is  mixed  with  its  own  weight  of  black  flux,  and  calcined  fur  aa  h/u 
at  a  red  heat.  Selcnide  of  potassium  is  thus  formed,  which  is  separated  tj  V2»b> 
in^  the  cooled  and  rapidly  pulverized  residue  with  boiling  water.  A  broWD-r*i 
solution  is  thus  obtained,  and  the  insoluble  matter  which  remains  on  the  filur  n^ 
tains  the  metals  (copper,  lead,  and  silver)  which  were  combined  with  the  <«1^ 
nium.  The  solution  of  selcnide  of  potassium  oxidizes  gradually  on  expo^urv  u 
the  air,  potash  being  formed,  and  the  selenium  collecting  in  a  grey  mass,  which  ii 
carefully  washed,  dried,  and  distilled. 

When  the  selenium  contains  sulphur,  it  is  converted  into  scleniate  and  fulpbite 
of  potash  by  calcination  with  a  mixture  of  nitre  and  carbonate  of  potash.  Tke 
calcined  mass  is  dissolved  in  hydrochloric  acid,  and  the  li^iuid  saturated  with  sul- 
phurous acid  gas,  and  heated  to  the  boiling  point  The  selenic  acid  is  tfairtbT 
reduced,  and  the  selenium  precipitated  in  red  flakes,  while  the  sulphate  of  poosi 
remains  in  solution.     (Wohler.*) 

Moiiific(ition$of  Sdenium,  —  Berzelius  found  that  selenium  solidifies  in  the 
amorphous  state  by  sudden,  and  in  the  ciystallinc  state  by  slow  cooling.  Hitti<rff 
finds  that  crystalline  (or  granular)  selenium  melts  at  211-5°  C.  (4120^  F).  with- 
out previous  softening.  The  mass,  when  left  to  cool  slowly,  remains  fluid  beiov 
that  temperature,  and  solidifies  very  gradually  in  the  amorphous  state ;  a  tbef- 
mometer  immersed  in  it  during  the  cooling  does  not  remain  stationary  at  tay 
point,  or  indicate  any  temperature  at  which  the  latent  heat  of  the  selenium  i«  k( 
free.  Amorphous  selenium  retains  its  condition  for  a  lung  time  at  ordinary  tea- 
peraturcs;  but  between  80°  and  217°  C.  (170°  and  412G**  F.),  it  becomes  cm- 
talline  and  gives  out  great  heat,  most  quickly  between  125°  and  l^^O®  C.  (237' 
and  350°  Y.j,  and  when  pulverized.  When  amorphous  selenium  is  heated  ia  sa 
air-bath  to  between  125°  and  130°  C,  a  thermometer  immersed  in  it  rises  ra^ 
denly  to  between  210°  and  215°  C.  Selenium,  as  precipitated  in  the  n^d.  fiwlj 
divided  state  from  selenious  acid  by  sulphurous  acid  and  other  reducing  agents,  cr 
from  an  a({ueous  solution  of  seleniuretted  hydrogen  by  exposure  to  the  air,  ii 
amorphous,  and  exhibits  the  above-mentioned  spontaneous  rise  of  temperatan 
when  heated.  Selenium  deposited  from  solutions  of  sclenide  of  pota.Hsiuni  ur  sb- 
monium  by  exposure  to  the  air,  is  cr^-stalline,  and  has  a  sp.  gr.  of  A-s\yi  at  Oi.'"  F. 
These  modifications  of  selenium  arc  analogous  to  those  of  sulphur  (p.  7y))- 
Berthelot  finds  that  selenium  deposited  at  the  positive  pole  in  the  electrulyic^  d 
hydroselenic  acid,  is  soluble  in  bisulphide  of  carbon  \  but  that  which  is  dcpoiiwd 

*  Traits  de  Chimie  g^ntfrale,  par  Pelooie  at  Frvnj,  2me.  edilioa,  L  430. 
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at  the  DegatiTC  pole  iu  the  eloctruIy8is  of  soleiiious  acid  is  insoluble.  Amorplious 
selenium  does  uot  conduct  electricity;  cryfitullinc  selenium  conducts  it  much 
better,  and  its  conducting;  power  increu^es  nipidly  with  its  temperature.  (Hittorff.*) 
Quantitative  eMt  mat  ion  of  StUnium.  —  The  methods  for  the  estimation  and 
Beparation  of  selenium  arc  similar  to  those  which  arc  applied  to  tellurium  (p.  529). 
When  in  the  form  of  selenious  acid,  it  is  precipitated  in  the  free  state  by  sul- 
phurous acid.  Selenic  acid  must  first  be  reduced  to  selenious  acid  by  heating 
with  hydrochloric  acid ;  it  may  also  be  precipitated  as  a  baryta-salt,  like  sulphuric 
acid.  Selenious  and  selenic  acid  may  be  separated  from  cort^iiu  metals,  iron,  zinc, 
&o.,  by  hydrosulphuric  acid,  which  throws  down  sulphide  of  selenium ;  from 
others,  such  as  copper,  silver,  and  lead,  by  sulphide  of  ammonium,  which  dis- 
Bolves  sulphide  of  selenium.  Metallic  selenides  may  be  decomposed  by  heating 
them  in  a  current  of  chlorine  gas,  the  volatile  chloride  of  selenium  being  received 
in  water,  which  decomposes  it  und  precipitates  the  selenium. 

PHOSPHORUS. 

Sed  or  amorphous  PhogpJiona  (p.  314).  —  "When  phosphorus  is  subjected  to 
the  action  of  the  sun's  rays,  or  to  a  hi^h  temperature  in  vacuo,  or  in  a  gas  which 
does  not  act  upon  it  chemically,  it  quickly  assumes  a  red  colour,  and  becomes  com- 
pletely altered  in  its  properties.  This  modified  phasphorus  may  be  obtained  in 
eonsiderable  quantity  by  heating  ordinary  phosphorus  to  230°  —  250°  C.  (440° — 
482°  F.)  iu  a  retort  filled  with  nitrogen  or  carbonic  acid,  and  having  adapted  to 
its  beak  a  bent  tube  which  dips  under  mercury.  Part  of  the  phosphorus  con- 
denses on  the  neck  of  the  retort  in  the  ordinary  state,  but  the  rest  is  transformed 
in  the  course  of  a  few  hours  into  a  dark  red  mass,  which  is  a  mixture  of  amor- 
phous and  ordinary  phosphorus.  On  treating  this  mixture  with  bisulphide  of 
carbon,  the  latter  is  dissolved,  and  the  amorphous  phosphorus  remains  in  the  form 
of  a  red  powder. 

This  amorphous  phosphorus  differs  reinarka})ly  from  ordinary  phosphonis,  both 
in  its  physical  and  in  its  chemical  properties.  Its  sp.  gr.  at  10°  G.  (50°  F.)  is 
1-964,  while  that  of  ordinary  phosphorus  is  between  1-^'Hy  and  1-840;  it  sinks  in 
melted  phosphorus,  the  density  of  that  liquid  at  45°  0.  being  1-88.  It  melts  at 
250°  C,  and  at  260°  is  reconverted  into  ordinary  phosphorus,  lied  phosphorus 
is  much  less  energetic  in  its  chemical  affinities  than  ordinary  phosphorus.  At 
ordinary  temperatures  it  has  no  perceptible  odour,  and  may  be  exposed  to  the  air 
without  alteration.  It  does  uot  become  luminous  in  the  air  till  heated  to  200°  C., 
or  take  fire  below  260°.  It  does  not  combine  with  melted  sulphur.  It  combines 
with  chlorine  without  emission  of  light ;  with  bromine,  however,  it  exhibits  that 
phenomenon.  It  is  insoluble  in  bisulphide  of  carbon,  alcohol,  ether,  rock-oil,  and 
terehloride  of  phosphorus.  Oil  of  turpentine  and  a  few  other  liquids  dissolve 
small  quantities  of  it  (Schrotterf). 

Amorphous  phasphorus  may  be  obtained  in  the  compact  state  by  keeping  phos- 
phorus for  several  days  at  a  temperature  a  little  below  260°  C.  It  is  then  con- 
verted into  a  brittle,  easily  friable,  reddish-brown  mass,  having  a  concho'idal  frac- 
turej  and  exhibiting  on  the  fractured  surface,  an  iron-grey  colour  and  imperfect 
metallic  lustre.  As  thus  prepared,  however,  it  is  not  quite  pure,  but  contains  a 
small  quantity  of  ordinary  phosphorus,  which  causes  it  to  oxidate  at  ordinary  tem- 
peratures. The  density  of  this  compact  red  phosphorus  was  found  to  be  between 
2'089  and  2*106;  if  quite  pure,  it  would  be  still  denser  (Schrbtter|). 

Phosphorus  may  also  bo  brought  to  the  amorphous  state  by  heating  it  with  a 
small  quantity  of  iodine.     When  phosphorus  is  melted  in  a  glass  vessel  filled  with 

*  l*<*gfr  Ann.  Izxziv.  214. 

t  Wien.  Akad.  her.  1848,  130;  Ann.  Ch.  Phys.  [8],  xxiv.  406. 

X  Pogg.  Ann.  Ixzzi.  299;  Compt.  rend.  izzi.  138. 
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carbonic  acid  pas,  and  a  small  quantity  of  iodine  introduced  throujsh  aa  cpri;hl 

gluss  tube  reaching  nearly  to  the  phosphorus,  a  violent  ai-tiun  takes  plac^.  ^opoded 

mih  great  rise  of  temperature,  and  a  hard,  black,  scmi-inetallic  ma»>  is  pTjdnctd, 

which  yields  a  red  powder.     The  same  result  is  obtained  wh»?n  ph>j't;.«ri«  ii 

melted  under  strong  hydrochloric  acid,  and  a  swuW   quantity  of  i*faiUK  idled; 

under  water  the  experiment  does  not  succeed.     The   pnKluct  thus  oluiaid  ti 

nearly  pure  amorphous  phosphorus,  containing  only  a   trace    of  ic-dine;  wb« 

strouLrly  heated,  it  distils  over  almost  without  alteration,  the  distillate  cT-ctaiaifi; 

only  a  trace  of  ordinary  phosphorus.     The  mode  of  its  forniatiun  aj.jHiai*  »  be 

this : — An  iudide  of  phosphorus  is  first  fonued,  probably  PIj,  and  the  pbc*i.j.T» 

contained  in  it  passes  into  the  amorphous  state;  this  compound  is  then  dit^ia- 

posed,  the  amorphous  phosphorus  separated,  and  a  more  volatile  i^jdine  ci<CQp«acd 

formed,  which  acts  upon  another  portion  of  pha«sphorus  with  the  same  final  result, 

so  that  b}'  repetition  of  these  pn>cesses  a  large  quantity  of  phosphorus^  taj  fce 

brou^rht  into  the  amorphous  state  (^Brodie*).     Amorphous  ph(^«pho^us  ibas  pf*- 

pared  differs  in  some  res]>ects  from  that  which  is  obtained  by  the  action  of  hat, 

being  more  readily  attacked  by  potash*  and  precipitating  cenain  metallie  *.lu:I.ai 

(r.  tj.  sulphate  of  copper),  an  eflFeet  which  may  perhaps  be  due  to  the  &isall  qnu- 

tity  of  iodine  contained  in  it.     The  sp.  gr.  of  this  amorphous  phosphorus  is  22S. 

The  formation  of  amorphous  phosphorus  under  the  influence  of  iodice  sLcwi 

that  it  posi^esses  an  electro-positive  character,  like  amorphous  sulphur ;  a  i.lIk!c- 

sion  which  is  further  cunfirmed  by  its  formation  in  a  similar  manner  undor  theb- 

fluence  of  bromine  and  chlorine,  and  by  the  imperfect  combustion  uf  ph'-spb^m 

or  pht>sphurettcd  hydrogen  (Berthclot).     According  to  SehKiiter,  the  substivff 

usually  regarded  as  oxide  of  phosphorus,  PgO,  is  nothing  more  than  aniMiphifll 

phospliurus. 

Atomic  icn'yht  of  Phosphorus.  —  By  burning  amorphous  phosphorus  in  cxjgw 
gas,  ^^ehrotter  finds  that  the  atomic  weight  of  phosphorus  is  31.f 


Modifications  of  M*taphof}»horic  acid  (p.  054).  —  This  acid  appears  tobcf 
ceptible  of  five  polymeric  modifications,  viz. : 

Monometaphosphoric  acid IIOPO|. 

])iuiet:iphosphoricacid 2IKK21'<.)|. 

Trimetaphosphoric  acid 8iI().oP<>i. 

Tetrametaphosphoric  acid 4110.41^  V 

Ilexametaphosplioric  acid 0110.01*0.. 

The  formuhe  of  these  several  modifications  are  deduced  chiefly  from  the  rclaure 
numbers  of  atoms  of  the  two  bases  in  the  double  salts  which  they  form. 

Mftuomttaphosphoric  acid  is  the  variety  discoven?d  by  Maddrcll.  It  is  j!^ 
duced  in  combination  with  potash,  when  that  alkali  and  phcisphoric  acid  trt 
ignited  together  in  erjuivalerit  proportions,  —  and,  in  combinatiun  with  oxide  d 
ammunium,  by  heating  dimetaphosphate  of  ammonia  to  250°  C.  (4^J^  Fi  It 
dues  not  form  any  double  salts,  and  probably  therefore  contains  only  one  aii.us  d 
acid  and  base:  310.1  ^Oj. 

IJimrfdjdiosjJinric  acid  is  produced  when  phosphoric  acid  is  heated  with  cx.i« 
of  copjuT,  zinc,  or  mang;inese  in  ctjual  or  nearly  equal  numbers  of  att-nis.  !"-« 
e(»pper-salt,  which  serves  fur  the  preparation  of  all  the  others,  is  obtained  by  l•a^ 
ing  t.)  l\i)0^  i.\  (002^  F.)  a  solution  of  phusi>horic  acid  and  oxide  of  C'^p^^r  ia  li* 
projKirlion  of  TiPOi.  to  4CuO.  It  is  a  crystalline  powder,  insoluble  in  water,  let 
soluble,  with  the  aid  of  heat,  in  sulphuric  acid  and  in  ammonia.  The  oiax^ar 
phosjiliatos  of  the  alkalies,  which  are  obtained  by  treating  tlie  e^»pporsiit  ■'.u 
sulphide  of  j)ofa.>siuni,  i^e.,  are  soluble  in  water,  erystallizablo,  and  c'rivtriKti  Ij 
heat  into  insoluble  salts.     ])imetaphosphoric  acid  has  a  strong  tendency  b3  fore 

*  Cbcm.  Soc.  Qu.  J.  v.  l!&9.  f  Ann.  Ch.  Phjs.  [8],  xzxtiiL  ISl. 
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double  salts,  all  of  which  contain  equal  numbers  of  atoms  of  the  two  bases; 
(MO.M'0).2POs;  hence  its  composition  is  inferred.  For  example,  on  mixing  a 
concentrated  solution  of  the  potash-salt  with  chloride  of  sodium,  or  of  the  soda-salt 
with  chloride  of  potassium,  a  crystalline  double  salt  is  obtained,  having  the  com- 
position (NaO.KO).2P05  4-  2H0;  and  by  mixing  2  at.  ditmetaphosphate  of 
unmonia  with  1  at.  chloride  of  copper,  in  tolerably  concentrated  solutions,  and 
adding  alcohol,  blue  needle-shaped  crystals  arc  formed,  containing  (CuO.NHfO). 

SPO,  +  4H0. 

Trimetaphoxphoric  acid  is  produced  in  the  form  of  a  soda-salt  by  slowly  coolinc 
a  fused  mixture  of  1  at.  PO5  and  1  at.  soda.  Its  double  suits  contain  2  atoms  01 
one  base  to  1  atom  of  the  other,  (2>I0.3rO).3P05. 

Telramelaphoxphon'c  acid  is  formed  by  heating  phosphoric  acid  with  oxide  of 
lead,  bismuth,  or  cadmium,  or  with  a  mixture  of  equal  numbers  of  atoms  of  soda 
and  oxide  of  copper.  The  lead-salt  is  easily  decomposed  by  alkaline  sulpliides, 
and  yields  the  corresponding  salts  of  the  alkalies.  The  soda-salt  in  combination 
with  water  is  viscid  and  elastic,  and  forms  with  a  larger  quantity  of  water  a 
gammy  mass,  which  will  not  pass  through  a  filter.  The  double  salts  of  this  acid 
contain  equal  numbers  of  atoms  of  their  two  bases,  like  those  of  dimetaphosphoric 
acid;  but  as  they  differ  in  physical  properties  from  those  of  the  latter,  it  is  proba- 
ble that  they  are  composed  according  to  the  formula  (2!M0.23I'0).4POa,  e.g.  the 
copper  and  sodium  salt  =  (2CuO .  2NaO).4P05. 

Aexameiaphosphoric  acid  is  the  first  discovered  modification  of  metaphosphorio 
acid  (see  page  321).  It  is  formed  by  igniting  the  hydrate  of  phosphoric  acid, 
by  the  sudden  cooling  of  the  soda-salt,  and  by  igniting  phosphoric  acid  with  oxide 
of  silver.  It  forms  double  salts,  the  quantities  of  base  in  which  are  nearly  in  the 
proportion  of  5  at. :  1  at. ;  hence  the  composition  of  these  salts  is  inferred  to  be : 
(5MO.M'0).6P05;  thus  the  soda  and  lime  salt  is  (r)CaO .  NaO) .  GPO5  (Fleit- 
mann).* 

Action  of  Water  at  high  temperatures  on  the  Pt/rajJiosphafes  and  Metaphos- 
phatcs. — These  salts  heated  with  water  in  scaled  tubes  to  280°  C.  (586°  F.), 
are  decomposed,  with  formation  of  tribasic  phosphates.  If  the  base  of  the  pyro- 
phosphate forms  an  insoluble  tribasic  phosphate,  the  latter  is  precipitated,  and  an 
acid  phosphate  remains  in  solution.  Thus,  with  pyrophosphate  of  silver: 
2(2AgO.PO,)  -f  2H0  =  SAgOPOs  +  (Ag0.2HO).P05. 

If  the  base  of  the  pyrophosphate  forms  a  soluble  tribasic  phosphate,  the  product 
is  a  neutral  tribasic  phosphate :  thus 

2K0 .  PO5  +  HO  =  (2K0 .  HO)  .  PO5. 

The  metaphosphates  similarly  treated  yield  insoluble  phosphates  and  free  phos- 
phoric acid;  which  dissolve  small  quantities  of  the  precipitated  phosphates;  thus 
with  lime: 

3(CaO.P05)  +  CHO  =  SCaO.PO,  +  2(3IIO.P05). 

The  metaphosphates  of  potash  and  soda  yield  acid  phosphat<}s  : 

NaO.POs  +  2H0  =  Na0.2nO.P05.t 

Sulphules  0/ PhospJiorus These  compounds  arc  easily  obtained  by  fusing 

Bolphur  with  amorphous  phosphorus  in  an  atmosphere  of  carbonic  acid;  a  violent 
action  takes  place,  but  no  explosion  (Kekule).| 

Amides  of  Phosphoric  acid,  —  1.   Triphosphamidcj  XJIgPOg  =  N3]    H3. — 

When  dry  ammoniacal  gas  is  slowly  passed  into  oxy chloride  of  phosphorus  (chlo- 

*  Pogg.  Ann.  Ixrviii.  238,  238.  f  ^'  R^'ynoso,  Compt.  rend,  xxxiv.  795. 

X  Proo.  Roy.  Soc.  vil.  88. 
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r.de  of  phi'^-fphorrl.  POj-Clj^,  and  the  product  afterwards  treated  with  wtter.  i 
s.  luti^'!!  (.*f  saUaiiiuioniac  is  obtained,  toi;cther  with  a  snow-white,  &!&<vp)io« 
insoluble  substance,  which  is  triphosphauiide : 

PO,Cls  +  6NH3  =  3NH,C1  +  N,H,POj. 

This  componnd  is  scarcely  attacked  by  continued  boiliDg  with  water,  pitosli-lry, 
or  dilute  acids.  It  is  very  slowly  deconipused  bj-  boilinpr  with  rfron^  ciiri:  uc 
hydrc-ehloric  acid,  more  readily  by  aqua-ro^ia.  Strong  suljihurio  or  niirv-j^clpsr* 
acid  diss-i'lves  it  easily  at  a  gentle  heat,  formincr  a  solution  which  contain*  aEii-nii 
and  phosphoric  acid.  It  is  not  completely  decomposed  by  heaiini;  with  s-^js-iis*. 
When  fused  with  hydrate  of  potash,  it  gives  off  a  larjjjc  quantity*  of  iimiL-.iLU  isi 
k-avcs  phosphate  of  potash.  Heated  alone,  out  of  contact  of  air.  it  aL-'  snv.s  ^i 
amnionia.  and  leaves  ni on oplK>sph amide,  which,  on  being  heated  wizh  pnu-L 
evolved  more  ammonia,  and  leaves  phosphate  of  potash.  The  compound  ieat  U 
regarded  as  tribasic  phosphate  of  ammonia  minus  C  at.  water  :  — 

(NK}o.-6HO=x,{^g;. 

By  the  action  of  anhydrous  aniline,  N  .  (C,slls) .  H  .  II,  on  o3ni'ehloride  of  pW 

t1  : re:?,  the  homologous  compound  irfph*. at/ Iphospha m uh^  N,.  1  'Oj. ;  C ,; H . ),. I ij.  i» 
cV:a:ni:d;   it   is   a  white  mass,  more  easily  decomposable  than  tripLosj  L.i:L:iie. 

T^in.iy^'y'j'hj'fy.ami'j':,  N.PO^.'^CioU7)j.U„  is  obtained  in  like  manner  I y  thi 

a^:;:::  of  naphiylamine.  X .  \^C\.Hr) .  H  .  H,  on  oxychloride  of  phosphorus. 

i?k  yV.  •-;*:  A-  «.'-.?  mf'f/V,  Nj.I^^^iHjIIj?  i*  obtained  by  treating  sulph'X'bl«Tride  ai 
r>..>?rb.rj5.  ^^>*':,.  with  ammoniacal  sras ;  it  is  also  a  white  mx^.<.  which  is  4^ 

Aft  •  ■  '_ 

cvaii".^^  ty  w:»ier,  with  evolution  of  hydrosulphuric  acid  ga.*.     Sui^^toinfJ^fB^ 

'  '  -:  '.T '•■'-,  Nj.  iVS^.^CijHj^jIlj.  is  obtained  in  like  manner,  by  ibc  aiiion  of 
iLili-o  OS  sulrbvvhiuriie  01  phcsphorus.     (^Ilugo  Schiff).* 

2.  B\  V..^^:;.':rii\;V.  Xiir^PO,  =  y,.  PO,.  II,.  (Gcrharjrt  Ph'tphmnUy/^,'^^ 
0"::xrid  ly  sa:ururinj^  r-ortaohloriJe  oi  phosphorus  with  amnion ineal  C4f.  asi 
the  c  l-:'!:- J  w:;h  wurer.  Chic  rophosphamide,  N^II J*Clj,  appears  to  bo  first  forntd, 
azi  i^cnriris  rtsrjlvij  by  water  int.)  hydrochloric  acid  and  biphosphamide : 

PC!^  -^  2NH,  =  X.H.PCU  +  2nn ; 
a=i—  N,UJVl3  *  2U0  ==  N1H3PO,  +  :iUCI. 

The  prv-d::.':  is  f  ir!n^-d  by  bL»iIiug.  first  with  caustic  potash,  then  with  nitric  or 
sulrliuri:  i::i.  icd.  tiaillv.  bv  wa^hinl;  water.  It  is  a  white  p^Dwder,  insolobltr  ia 
w:i:^'r,  il.vh:!.  and  oil  vl  turpentine.  When  heated  without  accesc'  of  air,  ii  rlvrt 
i:5  a.:i:u:.'s:i.  and  leaves  m(.>n<.'ph>.tsphamide ;  but  if  moiMure  lie  present,  it  yicili 
*3ir'.cLi  and  metiphosphurio  acid.  Fused  with  hydrate  of  i^jiash,  it  gives  ^-ff 
&:=:::.  nil  ai:  i  leavcs  phv.tepha:e  oi  potash.  It  resists  the  action  of  ma-^t  uxioiiiag 
a^:::s :  but  is  slowly  ox.id:£ed  by  lusiou  with  nitre,  and  dedai;rates  with  chlwate 
«::'  p<::^h.     It  may  be  n.-pkruiU  :is  bi>animoniacal  phosphate  of  aiiimonu  ^cLt:  »• 

(XH,:.n.^^       ^"^""'r     II," 

liibli:  and  Wohler.  who  discovered  this  compound,  ffupposcd  it  to  be  a  Kby- 
a:e  01  yhN»phide  of  nitrogen;  PX,.2H0. 


«  ^sa.  C^  Fkann.  ci.  30*^.  f  ^'^  Ch.  Pbya.  [3],  jcTiiL  15& 
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8.  Jlonophosphamide,  N.POf  ^Gcrhardt's  BtpJiosphamide),  —  Obtained  by 
hflfttiDg  triphosphamide  or  biphosphanildc^  without  access  of  air : — 

N,HJ'0,  —  2XII,  =  N.PO,, 
and:  NgHjIU—  NH,  =  N.PO». 

It  is  ft  pulvcralent  substance,  rcscmbliDg  triphosphamide  in  its  reactions,  but  still 
more  difficult  to  decompose  (Gcrhardt,  Schiff).  It  may  be  regarded  as  ammonia, 
NHii  in  which  the  3  at.  hydrogen  are  replaced  by  the  tribasic  radical,  POj,  or  as 
mono-ammoniacal  phosphate  of  ammonia  (the  so-called  acid  phosphate),  minus 
HHO:— 

(nho.hJO--«ho  =  npo. 

4.  Phmtphamic  acid,  NllgPOi  =     *  tV     '}02 This  compound,  which  may 

NH 
be  regarded  as  hydratcd  oxide  of  ammonium,     rj^}02  in  which  3  at.  hydrogen 

in  the  ammonium  are  replaced  by  POj,  is  obtained  by  the  action  of  ammoniacal 
gas  on  anhydrous  phosphoric  acid  : — 

Jg'  j  Oe  +  2XH,  =  2^-  ^^'^'  j  0,  +  2nO. 

Oreat  heat  is  evolved,  and  the  product,  when  cold,  is  a  fused  mass,  consisting 
rf  phosphamic  acid  and  phosphamatc  of  ammonia,  generally  mixed  with  red 
phosphorus.  On  dissolving  this  mass  in  wutcr,  and  filtering,  a  solution  is 
obtained,  from  which  the  other  salts,  most  of  which  arc  insoluble,  may  be  formed 
by  double  decomposition.  The  free  acid,  which  may  bo  obtained  bydeconiposiDg 
the  Hme^t  with  sulphuric  acid,  is  a  semi-solid,  amorphous  mass,  which  dissolves 
easily  in  water  and  alcohol,  and  when  heated,  gives  o£F  ammonia,  and  leaves 
phosphoric  acid. 

The  phosphamatcs  of  the  earths,  and  heavy  metals,  are  insoluble  in  water,  and 

Tery  sparingly  soluble  in  acids,  a  character  which  distinguishes  them  from  the 

phosphates.     The  ammonia-salt  gives  white   precipitates  with   salts  of  barium, 

■trontium,  calcium,  magnesium,  iron,  mangsmese,  zinc,  lead,  mercur}',  and  silver, 

rose-coloured  with  cobalt,  greenish-white  with  nickel,  light-blue  with  copper,  and 

dirty  green  with  chromium  salts.   The  iron  salt,  NIIFePO^,  dissolves  in  ammonia, 

forming  a  deep  purple  solution,  which  on  evaporation  leaves  a  crystalline  salt,  the 

NH  PO 
photphamate   of  /crrammonium,    -^^j  ^  '}0j.     The  phosphamatcs   of  cobalt, 

nickel,  cine,  copper,  mercury  and  silver  likewise  dissolve  in  ammonia,  apparently 
with  formation  of  analogous  salts.     (Schiff.)''' 

5.  Phospham,  N2P.H. — When  anhydrous  phosphoric  acid,  saturated  as  com- 
pletely as  possible  with  ammoniacal  gas,  is  heated  in  a  dry  current  of  that  gas,  it 
18  decomposed,  and  on  treating  the  mass  when  cold  with  water,  phosphoric  acid 
dissolves,  and  there  remains  a  small  quantity  of  a  yellowish  red  residue,  which 
gives  off  ammonia  when  fused  with  potash,  and  exhibits  in  other  respects,  the 
characters  of  phospham  (Licbig  and  Wohler's  phosphide  of  nitrogen,  p.  328). 
This  compound  is  the  nitrilc  of  phosphamic  acid,  being  related  to  it  in  the  same 
manner  as  aceto-nitrile,  N.CiH,,  to  acetic  acid  (SchifiT)  : — 

NU  (NH,)  PO4  —  4nO  ==  N,PH. 

61ad8tone,f  by  the  action  of  alkalies  on  chlorophosphide  of  nitrogen  (p.  796), 
obtuncd  two  acids,  azophosphoric  and  dtutazophoiphoric  acids,  which  he  regarded 

•  Ann.  Ch.  Phami.  oiiL  168.  f  Chem.  Soo.  Qo.  J.  iU.  186,  858. 
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ns  pbospboric  acid  conjugated  with  one  and  two  atoms  of  the  ^zronp  PS.  Tbu 
phosphoric  acid,  =s  PO^;  azophosphoric  acid,  =  PN.POj;  deuti2i:»phcepb*>rie 
acid,  =  (PN)2.P05.  These  acids,  according  to  Gladstone's  analvaes.  mv  loih. 
tribasic,  the  formula  of  the  azophospbates  bcin^  3MO.PiN0$  =■  P|NM,*K;  ind 
that  of  the  deutazopbosphates,  SMO.PaNjOB  =  P^N'tMjO,.  It  is  pTc«babl«,  h;w- 
evcr,  that  deutazopbospboric  acid  is  the  same  as  Schiff's  pfaosphamic  acid. 

The  formation  of  deutazopbospboric  acid   from   chlorophospbide  of  aicrjzn 
(N2P8CI5),  is  represented,  according  to  Gladstone,  by  the  equation  — 

N2P3CI5  +  5nO  =  5HC1  +  PjXiOi. 

Laurent,  however,  has  shown  that  the  formula  of  cbloropbosphide  of  nitro^  ii 
more  probably  NPCIg ;  and  from  this  it  is  easy  to  deduce  the  formation  of  pfatt- 
pbamic  acid : — 

NPCla  +  4H0  =  2HC1  +  NH^PO*. 

IMoreovcr  the  analysis  of  the  deutazopbosphates  of  baryta  and  silver  tpree  rith 
the  formulsd  of  the  phospbamatcs  NUMPO4  quite  as  well  as  with  Gb(kooe'i 
formula.  By  decomposing  chlorophospbido  of  nitrogen  with  ammonia,  GUdrioe 
obtained  in  three  experiments,  181, 183,  and  177  per  cent,  of  an  ammoniaolni 
liegarding  this  as  phosphamate  of  ammonia,  and  representing  its  fbnuitiuaty 
the  equation  — 

NPCla  +  S^JJ'}^'  =  ^NhI^'}^'  +  2NH,C1  +  2H0, 

the  quantity  should  be  175  per  cent.,  which  agrees  nearly  with  the  experiscitil 
result. 

Azophosphoric  acid,  which  appears  to  be  a  product  of  the  deeompocitim  d 

\  H  P(X 
deutazopbospboric  acid,  is  most  ^rohahly  jpj/rophosph<xmic  acidf     '  n       1^ 

the  tribasic  amidogcn  acid  of  quadribasic  pyropbosphorio  acid,  P^H^Ou. 

Quantitative  estimation  of  Phofiphorus  and  its  rom/Kn«ni/<.  —  Phospboni  il 
always  estimated  in  the  form  of  phosphoric  acid.  When  it  occurs  in  oombinitica 
with  a  metal,  or  in  an  organic  compound,  or  as  phosphorous  or  hypophosplioim 
acid,  it  is  brought  to  the  highest  state  of  oxidation  by  treatment  with  nitric  aoi, 
aqua-regia,  or  a  mixture  of  hydrochloric  acid  and  chlorate  of  potash. 

The  precipitation  of  phosphoric  acid  (tribasic)  from  an  ar|ueous  sc>lati>?ii.  is 
which  it  exists  in  the  free  state  or  combined  with  an  alkali,  is  best  effected  bj  tbs 
oddition  of  sulphate  of  magnesia  and  excess  of  ammonia,  chloride  of  ammociva 
being  likewise  added  to  prevent  the  precipitation  of  magnesia  in  the  fona  d 
hydrate.     The  phosphoric  acid  is  then  precipitated  as  phosphate  of  magneni  vA 
ammonia,  NII4O.2MgO.PO5.     The  precipitate  docs  not  settle  down  at  once,  bit 
its  deposition  may  be  accclerat<>d  by  leaving  the  vessel  in  a  warm  place.    CVn 
must  be  taken,  however,  not  to  allow  the  liquid  to  become  very  hot,  as  in  tbl 
case  hydrate  of  magnesia  will  be  precipitated,  and  will  bo  \erj  difficult  to  i^ 
dissolve.     The  precipitate,  after  standing  for  about  two  hours,  u  collected  on  a 
filter  and  washed  with  water  containing  ammonia,  as  pure  water  decompoM  it 
It  is  then  dried  and  ignited,  whereby  it  is  converted  into  pyropbosnhiie  cf 
magnesia,  2MgO.P05,  containing  63*1)7  per  cent,  of  phosphoric  acid,  PO^  aai 
27-08  per  cent,  of  phosphorus. 

If  the  phosphoric  acid  is  in  the  monobasic  or  bibasio  modificatioD,  it  most  fcil 
bo  converted  into  the  tribasic  acid  by  fusing  the  salt  with  five  or  six  tina  iti 
weight  of  carbonate  of  soda,  or,  better,  with  a  mixture  of  carbonate  of  potash  aal 
carbonate  of  soda  in  equivalent  proportions.  The  mixture  may  then  be  fmA 
over  a  lamp^  whereas  if  carbonate  of  soda  or  carbonate  of  potaih  alone  be 
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the  heat  of  a  furnace  will  be  required.  By  this  fusion  with  excess  of  an  alkaline 
carbonate,  the  phosphoric  acid  is  in  most  cases  completely  separated  from  any 
other  base  with  which  it  may  be  combined,  and  converted  into  a  tribasic  phos- 
phate of  the  alkali,  which  may  then  be  treated  as  above. 

Phosphates  which  are  insoluble  in  water,  may  be  dissolved  in  nitric  or  hydro- 
chloric acid ;  and  from  these  solutions,  the  bases  may  in  some  cases  be  precipitated 
by  hydrosulphuric  acid,  in  others  by  sulphide  of  ammonium,  and  the  phosphorio 
acid  subsequently  precipitated  from  the  filtered  solution  in  the  form  of  the  ammo- 
nio-magnesian  phosphate  in  the  manner  above  described. 

To  separate  phosphoric  acid  from  the  earths,  other  methods  are  required.  From 
baryta  it  is  easily  separated  by  sulphuric  acid,  which  throws  down  the  baryta ; 
firom  strontia  and  lime,  also,  by  sulphuric  acid  with  addition  of  alcohol.  From 
magnesia  it  may  be  separated  by  fusion  with  a  mixture  of  carbonate  of  potash  and 
carbonate  of  soida  in  equivalent  proportions.  From  alumina  it  is  most  readily 
separated  by  dissolving  the  compound  in  hydrochloric  acid,  adding  sufficient  tar- 
taric acid  to  keep  the  alumina  in  solution  when  the  liquid  is  neutralized  by  an 
alkali,  and  then  adding  excess  of  ammonia  and  sulphate  of  magnesia,  whereby  a 
precipitate  of  ammonio-magnesian  phosphate  is  produced,  which  may  be  treated  as 
aJready  described.  This  method  may  also  be  applied  to  the  separation  of  phos- 
phoric acid  from  iron. 

When  phosphoric  acid  exists  in  combination  with  several  earthy  bases  together^ 
it  may  be  seprated  by  dissolving  the  compound  in  nitric  acid,  adding  metallic 
mercury  in  slight  excess,  evaporating  over  the  water-bath  to  perfect  dryness,  and 
treating  the  residue  with  water.  The  whole  of  the  phosphoric  acid  then  remains 
undissolved  in  the  form  of  mercurous  phosphate,  while  the  bases  pass  into  the 
solution  as  nitrates.  (II.  Hose).  This  method,  however,  requires  attention  to  a 
number  of  details  and  precautions  which  cannot  here  be  given. 

Another  method  of  separating  phosphoric  acid  froui  a  mixture  of  bases,  by 
means  of  acetate  of  uranium,  has  already  been  described  (p.  557). 

The  salts  of  phosphorous  and  hypophosphorous  acid  may  be  oxidized  by  nitrio 
acid,  the  former  being  thereby  converted  into  pyrophosphates,  the  latter  into  meta- 
phosphates.  These  salts  must  then  be  converted  into  tribasic  phosphates  in  the 
manner  above  described. 

Phosphorous  and  hypophosphorous  acid  may  also  be  estimated  by  their  power 
of  precipitating  gold  in  the  metallic  state  from  its  solutions,  or,  better,  by  their 
reducing  action  on  mercuric  chloride,  which,  when  present  in  excess,  is  reduced 
to  mercurous  chloride. 

CnLORINE. 

Chloride  of  Nitrogen  (p.  345). — According  to  Bineau,*  this  compound  is  NClj, 
that  is  to  say,  ammonia  in  which  all  the  hydrogen  is  replaced  by  chlorine.  Bineau'a 
analysis  gives  10*6  p.c.  N,  and  89*3  CI ;  the  formula  requires  11*65  N,  and  88*35 
CI.  According  to  Porrett,  Wilson,  and  Kirk,*)*  it  is  NIICI3;  according  to  Glad- 
stone,! N.HCls,  or  NHCI2  +  NCI,. 

Sulphite  0/ PerchloriJe  of  Carbon,  CgCl* .  2S0a. —  This  body  was  discovered  by 
Berzelius  and  Marcet,  who  obtained  it  by  the  action  of  aqua-regia  on  bisulphide 
of  carbon;  but  a  better  mode  of  obtaining  it  is  the  following:  —  A  bottle,  capable 
of  holding  about  three  pints,  is  half  filled  with  a  mixture  of  peroxide  of  manga- 
nese and  hydrochloric  acid ;  about  800  grains  of  bisulphide  of  carbon  are  then 
added ;  the  vessel  quickly  closed,  and  left  for  some  days  in  a  cool  place.  It  is 
then  exposed  for  several  days  longer  to  a  temperature  of  30*^  C.  (86°  F.),  or  in 
summer  to  direct  sunshine,  and  frequently  shaken,  till  the  greater  part  of  the 
bisulphide  of  carbon  is  converted  into  the  new  compound.     The  action  may  be 

*  Ann.  Ch.  Phys.  [8],  zt.  71.  f  Gmelin's  Handbook,  ii.  472. 
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crcatly  accelerated  by  adding  a  quantity  of  nitric  acid  equal  in  weight  io  tra 
that  Jf  the  bisulphide  of  carbon  used.  The  mixture  is  then  distilled,  vht:^uw■ 
undecuiuposed  bisulphide  of  carbon  first  passes  over,  together  with  cbloridt:  vf  «al- 
phur  and  a  peculiar  yellow  liquid  (C4S4('l4),  and  afterwards  the  sulphite  i>t  ^ 
chloride  of  carbon  condenses  in  the  solid  fomi  in  the  neck  of  the  retuit.  IW 
formation  of  this  compound  is  represented  by  the  fullowing  equation  :  — 

2CS,  +  8C1  +  4110  =  C,C1, .  2S0,  -f  4HG1  +  2S. 

Sulphite  of  pcrchloride  of  carbon  is  a  white  crystalline  solid  havine  a  biAlj 
pungent  odour,  and  exciting  tears.  It  melts  at  185°  C.  and  boils  at  170^:  mr 
be  sublimed,  and  forms  small  rhombohcdral  crystals,  It  is  soluble  id  sIcoM 
ether,  and  bisulphide  of  carbon ;  insoluble  in  water.  It  is  docompo^d  at  i  dil 
red  heat,  yielding  chlorine,  sulphurous  acid,  and  protochloride  of  carbon :  — 

2(CaCl4 .  2S0,)  =  4C1  +  4S0,  -f  2C,CI^ 

It  decomposes  slowly  in  contact  with  water  or  moist  air,  yielding  sulphuronf.  fol* 
phuric,  carbonic,  and  hydrochloric  acids.  Heated  with  a  large  excepts  of  ^tm:^ 
sulphuric  acid,  it  gives  off  sulphurous  acid,  anhydrous  sulphuric  acid,  hy^ 
chloric  acid,  and  phosgene  gas  :  — 

CaCl4.2SO,  +  2SO4II  =  280,  +  2S0,  +2nCl  +  2C0C1.* 

ChlarotulphiJe  of  Carbon^  C4S4CI4. — ^The  liquid  distillate  obtained  in  tho  pwp^ 
ration  of  the  preceding  compound  contains  this  substance,  which  may  be  obtniDcJ 
from  it  in  a  state  of  purity  by  repeated  distillation  with  water  and  hydrate  ^}i'vaAZ' 
nesia,  which  decomposes  the  chloride  of  sulphur.  It  may  also  be  prepared  by 
exposing  bisulphide  of  carbon  to  sunshine  in  an  atmosphere  of  dry  chluriDc — 

CSa  -f  2C1  =  SCI  +  CSCl, 

and  purified  as  above.  Also  by  passing  a  mixture  of  hydrosulphuric  acid  gu  ul 
vapour  of  pcrchloride  of  carbon  through  a  red-hot  tube  :  — 

2C,Cl4  +  4ns  =  4HC1  +  C4S4CI,. 

It  is  a  yellow  liquid,  not  misciblc  with  water;  has  a  peculiar  and  powerful  •'nloor. 
and  irritates  the  eyes  very  stron«rly ;  Sp.  gr.  1'46.  It  boils  at  7U**  C.  (lo>=  F.)  It 
is  not  decomposed  by  water  or  acids,  not  even  by  nitric  acid.  Bisulphide  of 
carbon  and  caustic  potash  decompose  it  gradually.  It  absorbs  ammoaiacal  pi 
(Kolbef). 

Suiphitc  of  Protochhrkh  of  CarhoUy  CgClf .  2808-  —  Formed  by  the  iction  cf 
reducing  agents,  viz.,  sulphurous  acid,  hydro-sulphuric  acid,  zinc,  in)u.  fru;> 
chloride  of  tin,  &c.,  on  the  sulphite  of  pcrchloride  of  carbon.  It  ha5  nut  I'MQ 
obtained  in  the  anhydrous  state.  It  dissolves  in  water  and  alcohol,  and  L<  l^»l 
repared  in  the  state  of  solution,  by  passing  sulphurous  acid  gas  through  an  alc^ 
olic  solution  of  sulphite  of  porch loride  of  carbon.  The  solution  is  colourlej^:  aod 
inodorous,  has  an  acid  reaction,  and  absorbs  oxygen  rapidly^  forming  sulphonc 
acid  and  phosgene :  — 

C,Cl,.2S0g  +  40  =  2S0,+  2C0C1. 

Chlorine  converts  it  into  CiCl4.2SO^     (Kolbe). 

Perchlorocarbonulphnrxmi  acui^  C1Cl3O.2SO1.HO.  —  Formed  by  the  action  of 
caustic  alkalies  on  sulphite  of  pcrchloride  of  carbon  : — 

C,Cl4.2SOa  +  2K0  =  CgCl,0.2S0,.K0  +  KCl. 

The  hydrated  acid  is  obtained  by  decomposing  the  baryta-salt  with  valphnric  acM. 
It  cryatallixes  in  small  deliquescent  prisms,  which  may  be  partially  foblimed  with- 
out decomposition.     They  contain  2  at.  water  of  crystallixatioDy  their  formvli 

*  Kolbe,  Ann.  Ch.  Pharm.  11?.  148.  f  lliiiL  xW.  53. 
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bdng  GtCl9O.2SOt.HO  +  2H0.  The  acid  is  Dot  decomposed  by  faming  nitric 
•did  or  aqua-regia,  and  is  so  powerful  an  acid  that  it  expels  hydrochloric  acid  from 
iti  combinations.  Its  salts  are  all  soluble  in  water  and  alcohol,  and  crystallize 
with  facility.  When  heated  they  are  resolved  into  phosgene,  sulphurous  acid; 
ftnd  a  metallic  chloride ;  e.  g, 

CtCl3O.2SOt.KO  =  2C0C1  +  2S0t+  KCl. 

Chlorocarhosulphurous  acid,  C2Clt.2SO2.2nO. — Formed  by  the  action  of  alka- 
lies on  sulphite  of  protoohloride  of  carbon,  or  by  the  action  of  zinc  on  the  pre- 
oeding  acid.  Resembles  the  preceding  in  most  of  its  properties.  Its  salts,  when 
heated,  give  off  phosgene,  sulphurous  acid,  and  water,  and  leave  a  residue  of  me- 
tallic chloride  and  charcoal. 

Chlorometh^Iotulphuroui  acidf  C2llC\'2SOt.^B.O.  —  Formed  by  the  continued 
mction  of  nascent  hydrogen  on  chlorocarhosulphurous  acid : — 

CtClt.2SOt.2nO  +  H  =  CtHCl.2SOt.2HO  +  HCl. 

When  zinc  is  immersed  in  an  aqueous  solution  of  chlorocarhosulphurous  acid,  it 
dissolves  with  evolution  of  hydrogen ;  and  the  hydrogen,  as  it  is  set  free,  con- 
verts part  of  the  acid  into  chloromcthylosulphurous  acid;  but  complete  transfor- 
mation can  only  be  obtained  by  subjecting  an  acidulated  solution  of  a  perchloro- 
carbosulphite  or  chlorocarbosulphite  to  the  action  of  the  galvanic  current.  The 
bydrated  acid  is  a  viscid,  strongly  acid  liquid,  which  bears  a  heat  of  140^  C. 
without  decomposition  j  at  — 16*6^  C.  it  becomes  syrupy ;  in  other  respects  it  re- 
sembles perchlorocarbosulphurous  acid.  All  its  salts  are  soluble  in  wat^^r^  and 
crystal  lizable. 

McthylosvIpJiuroui  actd,  CtH3O.2SOt.HO.  —  Formed  when  a  neutral  solution 
of  perchlorocarbosulphite  of  potash  is  decomposed  by  the  electric  current,  the 
electrodes  being  formed  of  amalgamated  zinc  plates : — 

CtCl,0.2S0t.K0  +  6Zn  +  6H0  =  CtH3O.2SOt.KO  +  6ZnO  +  3HCL 

Also  when  an  amalgam  of  potassium  is  immersed  in  the  same  solution, 

CtCl,0.2S0t.K0  +  6K  +  3H0  =  CtH3O.2SOa.KO  +  3KC1  +  3K0. 

The  concentrated  solution  of  the  hydrated  acid  is  a  sour,  inodorous,  viscid  liquid^ 
which  maybe  heated  to  nearly  130°  C.  without  decomposition,  but  at  that  tempe- 
rature begins  to  turn  brown  and  decompose.  It  docs  not  crystallize  when  pure. 
It  is  equal  to  perchlorocarbosulphurous  acid  in  stability  and  in  affinity  for  bases. 
Its  salts  are  soluble  and  crystallizable.     (Kolbe*). 

Intermediate  CIdoride  of  Sulphur,  S4CI3 Protochloride  of  sulphur  is  readily 

decomposed  by  heat,  its  boiling  point  rising  quickly  from  64°  to  78°  C,  where  it 
remains  stationary.  The  deep  orange-yellow  liquid  thus  obtained  appears  to  be 
composed  of  S4CI3  =  SjCl  +  2SC1. 

Terchloride  of  Sulphur,  SCI,.  —  Not  known  in  the  separate  state,  but  exists  ia 
the  compound,  SCI3.5SO3,  obtained  by  mixing  the  protochloride  of  sulphur,  SCI, 
with  Nordhauscn  sulphuric  acid,  and  distilling.  Sulphurous  acid  and  anhydrous 
sulphuric  acid  pass  over  first,  then  the  compound  SC13.5S03,  while  monohydrated 
sulphuric  acid  remains  in  the  retort.  The  compound  SCls.5S03  is  a  colourless 
oily  liquid  having  a  peculiar  odour,  and  fuming  slightly  in  the  air,  Its  density 
is  1-818,  and  that  of  its  vapour  4-481.  Boils  at  145°  C.  (283°  F.).  Water  de- 
oomposcs  it  rapidly,  forming  sulphuric  and  hydrochloric  acids.     (H.  Rose.) 

Chlorosulphuric  acid,  SOtCI,  is  regarded  by  some  chemists  as  a  bisulphate  of 
tcrchloride  of  sulphur,  SCl3.2SO,.t 

*  Ann.  Ch.  Pharm.  Ht.  148. 

f  See  page  801,  line  25,  where,  however,  there  is  a  misprint,  the  formula  being  given  as 
SSOfSCl,  ioBtead  of  2S0t.SC],. 
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Sulphate  of  BicMoritfe  of  Sulphur,  SC1,.S0,=S,C1A. — Formed  by  tLeictioa 
of  moist  chlorine  gas  on  protochlorido  of  sulphur.  Large  transparcDt  coknr!€as 
crystals,  which  are  decomposed  by  alcohol  and  water,  or  even  bj  exposure  to  duop 
air.  Enclosed  in  a  sealed  glass  tube,  they  change  in  the  coarse  of  a  few  montba 
into  a  very  mobile,  slightly  yellow  liquid,  which  has  the  same  compositiMD  &»  xht 
crystals,  but  does  not  solidify  at — 18°  C.  (0*^  F.).  It  15  dissolved  by  water,  wi:k 
formation  of  sulphuric  and  hydrochloric  acids.  Tlic  compound  SfClfOj  Tuay  be 
regarded  as  hyposulphuric  acid  in  which  2  at.  O  are  replaced  by  chloriae. 
(Millon.*) 

ChlorosuIphiJe  of  Phosphorus^  PSh)G14.  —  Besides  the  chlorosolphide  of  plia»> 
phorus  described  on  page  349,  another  compound  of  these  elements,  having  the 
lommla  just  given,  is  obtained  by  passing  a  stream  of  phosphnretted  hydrona 
into  dichloride  of  sulphur.  This  compound  is  a  yellow  syrupy  liquid,  which  ii 
decomposed  by  water,  with  evolution  of  hydrosulphuric  acid  and  deposition  ofsil* 
phur.  It  may  be  regarded  as  a  compound  of  dichloride  of  sulpbor  with  a  pcc»> 
liar  sulphide  of  phosphorus,  not  yet  isolated : — 

4S,C1  +  PS,  =  PSh^CV 

This  compound  was  discovered  by  H.  Rose. 

Sulphuh  of  Pentachloride  of  Phosphorus,  rCl5.S4. — ^When  a  mixture  of  3  ffk 
pentachloride  of  phosphorus  and  1  pt.  of  sulphur  is  melted,  a  colourless  liqaid  is 
obtained,  which  boils  at  about  100°  C.  It  dissolves  large  quantities  of  pcct^ 
chloride  of  phosphorus  and  sulphur,  the  latter  of  which  it  deposits  in  CTTStaU;  it 
is  very  difficult  to  purify.  Water  decomposes  it  immediately,  with  fomiatiuD  of  i 
great  number  of  products  (Gladstone.)'!'  The  compound  may  be  n^garded  ai 
PS,Cl,+  Clft(Schiff+). 

Action  of  acids  on  Pentachloride  of  Phosphorus.  —  PcrsoK  and  B1ocb,$  bj 
passing  dry  sulphurous  acid  gas  over  pentachloride  of  phosphorus,  obtaiaed  i 
volatile,  strongly  refracting  liquid  which  they  regarded  as  PCI5.2SO,.  Accordiiig 
to  Schiff||,  however,  this  liquid  is  decomposed  by  fractional  distillation,  being  re- 
solved into  oxychlorido  of  phosphorus  which  boik  at  110^  C.  (230  F.),  aad  1 
more  volatile  liquid,  which  passes  over  at  82^  C.  (147*0  F.).  This  latter  i*  the 
ddoride  of  thiouylj  SjOa-Cltythc  name  thionyl  denoting  the  biatomic  radical,  S1O0 

of  sulphurous  acid  and  its  salts,  hydrated  sulphurous  acid  being  Yj'|04,and  an- 
hydrous sulphurous  acid,  SfOg-Og.  Chloride  of  thionyl  is  a  volatile  liquid  of  grot 
refracting  power,  and  having  a  suffocating  odour  like  that  of  sulphurous  acid.  It 
is  decomposed  by  water,  and  more  readily  by  alkalies,  into  hydrochloric  and  sul- 
phurous acids.     With  dcohol,  it  yields  hydrochloric  and  ethylosulphurous  addf. 

Tldonamide,  N,  |  jfi  S  is  produced  when  chloride  of  thionyl  is  brought  in  eon- 
tact  with  dry  ammonia : 

SA .  CI,  +  4XII3  =  2Nn,Cl  +  N,(S,0,)H^ 

The  action  is  very  violent,  but  may  be  moderated  by  cooling.  The  prodnct  is  1 
white,  non-crystalline  solid,  which  gives  up  sal-ammoniac  when  digested  in  water, 
and  is  afterwards  completely  decomposed. 

Anhydrous  sulphuric  acid  acts  upon  pentachloride  of  phosphorus  in  the  niM 
manner  as  anhydrous  sulphurous  acid,  producing  a  lic^uid  which  Persoz  and  Bkch 
regarded  as  PCls .  2SOs,  but  which,  according  to  Sohiff,  is  resolved  by  distillatiflt 

*  Ann.  Ch.  Pharm.  lii.  230 ;  Izzvi.  235.  f  Chem.  Soe.  Qu.  J.  IH.  5. 

}Ann.  Ch.  Pharm.  oi.  809.  {  Compt  rend.  xzviL  M. 
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into  oxycUoride  of  phosphorus,  and  chloride  of  sulphuiyl  or  chlorosolphorio  acid| 
SgO^ .  CI9. 

With  hydrated  sulphuric  acid,  pentachloride  of  phosphorus  forms  cKlarohjf' 
drated  sulphuric  actdy  SgHClOs : 

^^}0,  +  PCI5  =  12}  }0.  +  HCl  +  PO^Cla. 

And  this  compound,  by  the  further  action  of  the  pentachloride,  is  converted  into 
chlorosulphuno  acid,  S2O4 .  Clf  (p.  709).  Chlorohydrated  sulphuric  acid  is  a 
liquid  which  boils  at  145^  C,  is  decomposed  by  water,  yielding  hydrochloric  and 
sulphuric  acids,  and  dissolves  chloride  of  sodium  at  a  gentle  heat,  with  evolution 
of  hydrochloric  acid  and  formation  of  the  compound  SgNaClOs.  It  effervesces 
with  melted  nitre,  giving  off  a  vapour  (probably  NO4CI)  which  smells  like  aqua- 
regia,  and  when  passed  into  water,  forms  nitric  and  hydrochloric  acids.  The 
compound  SgHClOs  is  probably  identical  with  that  which  H.  Eose  obtained  by  tho 
action  of  sulphuric  acid  on  pentachloride  of  sulphur,  and  regarded  as  SgOsCl.  It 
is  likewise  obtained  in  small  quantity  by  the  action  of  strongly  heated  platinum- 
black  on  an  imperfectly  dried  mixture  of  chlorine  and  sulphurous  acid.  (Wil- 
liamson*). 

Tungstxc  acid  treated  with  pentachloride  of  phosphorus  yields  oxychloride  of 
phosphorus  and  an  oxychloride  of  tungsten^  Ws04CIg.  Similarly  with  molybdio 
acid. 

Hydrated  aniimonic  acid  heated  with  pentachloride  of  phosphorus  yields  hydro- 
chloric acid  and  oxychloride  of  phosphorus,  with  a  residue  of  anhydrous  antimonic 
acid. 

Anhydrous  phosphoric  acid  and  pentachloride  of  phosphorus  form  oxychloride 
of  phosphorus : 

PaO»  +  8PCI5  =  5P0,C1,. 

When  strong  nitric  acid  is  cautiously  added  to  pentachloride  of  phosphornsy 
hydrochloric  acid  is  evolved ;  and  if  the  escaping  vapour  be  passed  through  a  good 
refrigerating  apparatus,  a  blood-red  liquid  condenses,  which  when  distilled  yields 
jellowish-red  vapours,  probably  NO4CI,  and  distillate  of  oxychloride  of  phosphorus. 
(Schiff). 

ChlorophospJiide  of  Nitrogen ^^2^\  according  to  Wohlcr  and  Licbig,  who  dis- 
covered it ;  PsNgClj  according  to  Gladstone  ]  PNClg  according  to  Laurent.  It  is 
formed  by  the  action  of  ammonia  on  pentachloride  of  phosphorus.  On  treating 
the  crude  product  with  ether,  the  chlorophosphide  of  nitrogen  is  alone  dissolved, 
and  may  then  be  crystallized.  It  is  also  produced  by  distilling  a  mixture  of  1  pt. 
pentachloride  of  phosphorus  with  2  pts.  sal-ammoniac.  It  may  be  purified  by 
distillation  with  water,  being  carried  over  by  the  vapour  of  water,  and  then  only 
requires  to  be  dried.  It  crystallizes  in  rhomboidal  prisms;  melts  at  110°,  and 
boUs  at  240°  C.  It  is  insoluble  in  water,  but  dissolves  in  alcohol,  ether,  and  oil 
of  turpentine.   Alkalies  decompose  it,  with  formation  of  phosphamio  acid  (p.  790). 

BROMINE. 

Bromine  of  Nitrogen,  — When  chloride  of  nitrogen  is  gently  heated  with  bro- 
mide of  potassium,  double  decomposition  takes  place,  and  a  brown,  very  heavy, 
oily  liquid  is  formed,  which  appears  to  be  bromide  of  nitrogen.  It  is  very  vola- 
tile, has  an  offensive  odour,  and  irritates  the  eyes  strongly.  It  detonates  easily^ 
and  is  decomposed  by  hydrochloric  acid,  hydrobromio  acid,  and  ammonia.  Its 
composition  appears  to  be  NBr,.    (Millon). 

Oxybromide  of  Phosphorus,  PBrjOs*  —  Produced  by  the  decomposition  of  tho 

*  ProoeediDgs  of  the  Royal  Society,  tIL  11. 
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pciitnbromidc  in  tnoist  air.     "When  the  thick  reddish  liquid  thus  formrd  is  b-atd, 
to  drive  off  the  hydrobroraic  acid  which  it  contains,  and  then  distillol  at  aU-tt 
ISO**  (\  (JjGG®  F.),  the  oxybromide  passes  over  in  the  form  of  a  colourl< <«  L*in 
licjuid,  which  boils  between  170°  and  200*^  C.     It  does  not  mix  with  wator.fci 
is  slowly  decomposed  by  that  liquid,  with  formation  of  phaephuric*  and  hjdr> 
bromic  acids.     It  dissolves  in  oil  of  turpentine,  ether,  ana  stronsr  sulphunc  ic^i, 
and  is  precipitated  from  the  last-mentioned  solution  by  water.    Nitric  acid  d«om- 
poses  it,  with  evolution  of  bromine.     Another  body,  apparently  of  the  same  cob- 
position,  but  solid  and  crystalline,  is  sometimes  obtained  as  a  residue  in  the  dis- 
tillation of  pentabromide  or  oxybromide  of  phosphorus,  and  by  the  action  of  niijt 
air  on  the  pentabromide  in  an  imperfectly-closed  vessel.     It  is  decomposed  bj 
water,  melts  and  volatilizes  when    heated,  but  on  cooling  remains  as  a  liqaid, 
exhlbitinj:  the  characters  of  the  oxybromide.     (Gladstone*}. 

Sutphobrtymide  nf  Phofphorus. — Pentabromide  of  phosphorus  is  deoompcjsed  bj 
hydrosulphuric  acid,  with  formation  of  a  heavy  liquid,  which  boils  without  decoat- 
position  at  200°  C,  and  appears  to  have  the  composition  3PIJr,  .1*^,;  it  nay, 
liowever,  be  a  mixture  of  two  compounds  having  nearly  the  same  builing  fw^ 
(Gladstone"!"). 

IODINE. 

Kaiural  sources  of  Iodine. — According  to  Chatin,J  iodine  exists  in  the  air,  in 
nearly  all  water,  and  in  a  great  number  of  plants,  laud  and  frcsli-water  as  well  s» 
marine ;  also  in  coal,  in  various  chemical  products,  viz.,  commercial  potxj^h,  sodi, 
and  sal-ammoniac,  in  wine,  cider,  perry,  &c.,  in  milk  and  eggs,  lli'  lind«  alw 
that  iodine  is  least  abundant  in  the  air  and  water  of  those  localities  in  which 
goitre  and  cretinism  prevail.  Similar  results  have  been  obtained  by  other  che^ 
mists.  On  the  other  hand,  M:icadan),§  Lomeyer,||  and  others  have  not  been  &Me 
to  detect  iodine  in  the  air  or  in  rain-water.  Macadam,  however,  found  ii.>diDe  ia 
commercial  potash,  in  numerous  samples  of  alkaline  carbonates  (used  as  reagont»\ 
in  the  ashes  of  wood-charcoal,  in  coal,  and  in  numerous  plants.  Lomoycr  exam- 
ined particularly  the  air  and  water  of  various  localities  where  goitre  is  scarce,  bnt 
found  no  trace  of  iodine.  Chatin  ^  attributes  the  negative  results  obtained  by 
Macadam  and  Lomeyer  to  defective  methods  of  analysis,  but  docs  not  give  toy 
exact  description  of  his  own  process. 

IJi/pouKlic  acid^  IO4,  and  Sub-hi/j)oiodtc  acid,  I,0|t  =  4I0j  +  10-.  —  Wlca 
one  part  of  iodic  acid  and  5  parts  of  monohydrated  sulphuric  acid  are  heated  in  a 
platinum  crucible,  till  oxygen  gas  and  afterwards  vapours  of  iodine  are  evolved,  a 
green  solution  is  obtained ;  and  on  leaving  this  for  some  days  in  a  dry  atmosphere, 
a  yellow  crystalline  crust  is  deposited,  which,  when  freed  from  the  exce^^  of  sul- 
phuric acid  and  washed  with  water  and  alcohol,  yields  sub-hypoiodic  acid:  and 
this  compound  heated  to  150°  C.  gives  off  vapour  of  iodine,  and  is  converted  into 
hypoiodic  acid.  The  latter  is  a  sulphur-yellow  amorphous  powder,  which  at  ISO* 
C.  is  resolved  into  iodic  acid  and  iodine.  Water  and  nitric  acid  decompose  it  ii 
a  similar  manner.  Sulphuric  acid  dissolves  it  with  the  aid  of  heat,  and  on  cool- 
ing deposits  a  compound  consisting  of  IO4 .  48HO«.  Aqueom«  alkalies  deconipoK 
hypoiodic  acid,  forming  iodates  and  the  other  compounds  which  result  from  the 
action  of  iodine  on  alkalies. 

Sub-hypoiodio  acid  bears  a  considerable  rcsembhince  to  hypoiodic  acid,  both  in 
physical  and  chemical  properties.  When  heated,  it  gives  off  iodine  and  learcs 
Lypoiodic  acid.     (Millon.) 

*  Phil.  Mag.  [3],  xxxt.  845.  f  Ibid. 

1  Compt  rend.  xxz.  352:  zzzi.  280;  xxxiL  669;  xzziii.  519,  529,  581. 

J  Chem.  80c.  Qu.  J.,  vi.  ICC.  11  Phil.  Mag.  [4],  viL  237. 

§  J.  Phann.  [3],  xxv.  102. 
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lodvh  of  Nitrogen  (p.  358). — Gladstone*  has  analyzed  this  compound  (aa 
prepared  by  precipitating  an  alcoholic  solution  of  iodine  with  excess  of  ammonia 
and  washinp  with  water),  and  arrived  at  results  which  accord  with  Bineau's 
formula,  NHI^.  By  decomposing  the  compound  with  hydrosulphuric  acid,  he 
finds  that  it  contains  21  to  IN,  while  its  decomposition  by  aqueous  sulphurous 
acid  agrees  with  the  equation  — 

NHI,  -f  4S0,  +  4H0  =  NHs  +  2HI  +  4SO3. 

Gladstone  suggests  for  the  compound  the  name  iodimidc,  lie  also  finds  the 
above  formula  to  be  in  accordance  with  the  formation  of  the  compound  by  the 
action  of  hypochlorite  of  lime  on  iodide  of  ammonium  (observed  by  Playfair), 
that  reaction  being  attended  with  evolution  of  ammonia^  according  to  the 
equation — 

2(CaO.C10)  +  2NH4I  «  NHI,  +  2CaCl  +  4H0  +  NH,. 

Bunsen  takes  a  different  view  of  the  constitution  of  iodide  of  nitrogen.  He 
observes :  I.  That  the  mode  of  formation  of  this  compound  from  iodine  and 
ammonia,  with  hydriodic  acid  as  the  only  secondary  product,  shows  that  it  must 
be  a  substitution-product  of  ammonia,  of  the  form  NIs,  NHIg  or  NHgl,  associated 
at  most  with  ammonia  or  hydriodic  acid }  2.  That  it  cannot  contain  hydriodic  acid, 
because  it  dissolves  in  hydrochloric  acid  without  evolution  of  gas,  and  forms  a 
solution  containing  ammonia  and  protochloride  of  iodine^  but  no  hydriodic  acid; 
8.  That,  to  determine  its  composition^  it  is  sufficient  to  ascertain  how  much  ICl 
and  how  much  NH,  it  yields  with  hydrochloric  acid,  and  to  see  which  of  the 
following  equations  agrees  with  the  results : — 

(a)  NI,  +  3IIC1  =  3IC1  +  NH,. 

(b)  NHI.  +  2IIC1  =  2IC1  +  NH,. 
((■)  NH2I  +  HCl  =  ICl  +  Nil,. 

(^  NH  J  +  NH,  +  HCl  =  ICl  +  2NH„  &c. 

Preparations  obtained  by  mixing  cold  and  more  or  less  saturated  anhydrous 
alcoholic  solutions  of  iodine  and  ammonia,  which  were  not  decomposed  by  washing 
with  absolute  alcohol,  gave,  when  dissolved  in  hydrochloric  acid,  quantities  of 
ammonia,  iodine,  and  chlorine,  in  the  atomic  proportion  of  2:3:3,  showing  that 
the  constitution  of  the  compound  is  NI,  +  NH,*  A  preparation  obtained  by 
adding  ammonia  to  a  solution  of  iodine  in  aqua-regia  diluted  with  water,  and 
washed  as  quickly  as  possible  with  cold  water,  gave,  with  hydrochloric  acid, 
quantities  of  ammonia  and  protochloride  of  iodine  in  the  atomic  proportion  of 
6  :  12,  showing  that  its  formula  was  4NI3  +  NH,.  When  washed  with  water  for 
any  length  of  time,  even  till  the  greater  part  of  the  compound  was  decomposed, 
with  separation  of  iodine  and  nitrogen,  the  undecomposed  portion  still  yielded 
more  than  1  at.  ammonia  to  3  at.  chloride  of  iodine,  a  proof  that  ammonia  enters 
essentially  into  its  constitution.  Bunsen  is  of  opinion  that  there  exist  two  distinct 
oompounds,  Nlg-NH,  and  4NI,.NH3,  formed  in  the  manner  shown  by  the 
equations— 

2NH,  +  61  =  (NIj-NHa)  +  3HI; 
4(Nl3.NH3)  +  3H0  =  4NI,.NH3H-  3NH,0. 

The  formation  of  the  so-called  iodide  of  nitrogen  by  the  action  of  ammonia  on  a 
solution  of  iodine  in  aqua-regia,  would  be  inconsistent  with  this  view,  if  that 
solution  contained,  not  ICl,  but,  as  is  commonly  supposed,  ICI3,  because  NI, 
could  not  be  formed  by  the  action  of  ammonia  upon  the  latter.  Experiment| 
however,  shows  that  the  solution  of  iodine  in  aqua-regia  contains  only  ICl.  The 
formation  of  the  so-called  iodide  of  nitrogen  from  ICl  is  explained  by  the 
equation  — 

2NH3  -f  3IC1 «  (NI3.NH3)  -f  3HCI. 

•  Chem.  Soc.  Qo.  J.  v.  84. 
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The  immediate  products  of  its  explosion  arc  nitrogen  and  hjdriodic  acid: 

NI,.NHa  =  2N  +  3HI, 

which  latter  is  for  the  most  part  resolved  by  the  high  temperature  into  iodine  lod 
hydronon,  while  another  portion  unites  with  the  ammonia  of  the  compouDd.  fona- 
ing  iodide  of  ammonium,  thereby  setting  free  quantities  of  iodine  and  aimjca 
equivalent  to  this  ammonia.* 

Gladstone,  in  a  subsequent  communication,'t'  remarks  that  his  mode  of  prqar- 
ing  the  iodide  of  nitrogen  differs  essentially  from  that  of  Bunscn,  and  that  kis 
formula  NIII2  may  be  written  2NI,  +  NH9,  which  shows  it  to  be  intermediate 
bet  woe  u  the  two  formulae  given  by  Bunsen.  He  concludes,  from  further  oxpen- 
mentSy  that  the  formula  NIII2  is  true,  not  only  for  the  preparation  obtained  by 
the  method  described  in  his  former  paper,  but  likewise  for  that  obtained  by  preci- 
pitation from  solutions  of  iodine  and  ammonia  in  absolute  alcohol. 

Iodides  of  Phosphorus  (p.  358).  —  These  compounds  are  best  prepared  by  dis- 
solving iodine  and  phosphorus  together  in  bisulphide  of  carbon,  and  cooHd;;  tlte 
solution  till  it  crystallizes.  There  appear  to  be  only  two  iodides  of  pho^pharaSf 
viz.  PI2  and  PI,,  which  are  prepared  by  dissolving  the  two  substances  as  abcrc, 
in  tlui  respective  atomic  proportions;  if  they  be  mixed  in  any  other  proportions 
the  same  compounds  crystallize  out,  together  with  the  excess  of  iodine  or 
phosphorus. 

The  biniodidc,  PI,,  is  a  light-red  solid  body,  which  melts  at  IIO®  C,  formins  % 
red  liquid.  Water  decomposes  it,  with  formation  of  hydriodic  and  ph<.>iphon>af 
acid,  and  deposition  of  yellow  flakes.  When  melted  with  excess  of  phtr<iib«)nis 
and  decomposed  by  water,  it  yields  red  phosphorus.  It  dissolves  in  bLnilphide 
of  carbon,  and  is  deposited  from  the  solution  in  flattened  prismatic  crystals,  of  a 
light-orange  colour. 

The  tcr iodide f  PI,,  forms  dark-red  six  sided  laminas,  which  dissolve  very  readily 
in  bisulphide  of  carbon,  and  rapidly  absorb  moisture  from  the  air.  It  melts  at 
55^  C,  and  crystallizes  in  well-defined  prisms  on  cooling.  At  a  higher  tt'iupcn- 
ture,  it  is  decomposed,  giving  off  vapours  of  iodine.  Water  decomposes  it,  with 
formation  of  hydriodic  and  phosphorous  acids,  and  formation  of  an  orange-yellov 
flaky  deposit.     (Corenwindcr.)| 

Estimation  and  separation  of  Chlorine^  Bromine^  and  Iodine,  '^ Cldoriniy  ia 
the  form  of  hydrochloric  acid  or  a  soluble  chloride,  is  estimated  by  precipitation 
with  nitrate  of  silver,  the  precipitate  being  treated  in  the  manner  described  at 
page  600.  The  fused  chloride  contains  24-72  per  cent,  of  chlorine,  equivalent  to 
25*42  of  hydrochloric  acid. 

^lany  chlorides,  chiefly  basic  or  oxychlorides,  which  aro  insoluble  in  water  di»* 
solve  in  nitric  acid.  The  chlorine  in  such  compounds  may  be  precipitated  by 
adding  nitrate  of  silver  to  the  nitric  acid  solution.  Caro  must,  however,  bo  taken 
not  to  heat  the  compound  with  excess  of  nitric  acid,  as  in  that  ease  a  portion  of 
the  chlorine  may  be  lost.  Some  chlorides,  as  the  chloride  of  silver  and  JicLluride 
of  mercury,  aro  insoluble  even  in  nitric  acid.  Chloride  of  silver  may  be  dccuin- 
poscd,  either  by  ignition  in  a  current  of  hydrogen,  by  heating  it  in  a  poivclain 
crucible  with  a  mixture  of  the  carbonates  of  potash  and  soda,  in  e<|uivalout  pro- 
portions, till  tho  salt  just  begins  to  melt,  or  by  treating  it  with  dilute  sulphmie 
acid  in  contact  with  a  piece  of  puro  zinc  (p.  597).  Dichluride  of  mercuiy  ii 
easily  decomposed  by  caustic  alkalies. 

Chlorates  and  other  uxygen-salts  of  chlorine  may  be  reduced  to  chlorides,  by 
ignition,  or,  better  in  must  eases,  by  the  action  of  sulphurous  or  hydrosulpharic 
acid.     Tho  chlorine  is  then  precipitated  by  nitrate  of  silver,  as  above,  after  the 

♦  Chem.  See.  Qu.  J.  t'i.  90.  t  Ihid.  vii.  61. 
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excess  of  the  reducing  agent  has  been  removed  by  means  of  nitric  acid  or  a  fcrrio 
salt.  [For  the  methods  of  determining  the  quantity  of  chlorine  in  bleaching 
poTrder  and  other  hypochlorites  for  commercial  purposes^  see  p.  437,  and  p.  801 ; 
also  Bunsen's  Tolumctrio  method,  p.  41»S.] 

The  quantity  of  chlorine  in  an  organic  compound  is  determined  by  igniting  the 
compound  with  excess  of  pure  quick-lime  in  a  combustion-tube,  whereby  the 
chlorine  is  converted  into  chloride  of  calcium.  The  contents  of  the  tube  arc  then 
dissolved  in  dilute  nitric  acid,  and  the  chlorine  precipitated  by  nitrate  of  silver. 

Brtjmine  is  estimated  in  the  form  of  bromide  of  silver  (containing  42*55  per 
cent,  of  bromine),  in  exactly  the  same  manner  as  chlorine.  Bromates  are  also 
reduced  to  bromides  in  the  same  manner  as  chlorates  to  chlorides. 

When  bromine  and  chlorine  occur  together,  they  may  both  be  precipitated  by 
treating  the  solution  with  excess  of  nitrate  of  silver.  The  precipitate  of  chloride 
and  bromide  is  then  ignited  and  weighed ;  and  a  known  portion  of  it  is  after- 
wards heated  in  a  current  of  chlorine  gas.  The  bromide  of  silver  is  thereby  con- 
verted into  chloride,  the  bromine  passing  off  in  vapour.  The  resulting  chloride 
of  silver  weiglis  less  than  the  mixture  of  chloride  and  bromide  by  the  difference 
(it)  between  the  weight  of  the  bromine  which  has  escaped  and  the  chlorine  which 
has  taken  its  place ;  moreover,  these  weights  are  to  one  another  as  the  equivalent 
weights  of  bromine  and  chlorine,  that  is,  as  80  to  35*5.  Hence,  to  determine  the 
quantities  of  Br  and  CI  in  the  mixed  silver-salts,  we  have  the  two  equations^ 

u        ni  ^^       ^^ 

Br_Cl=.t./gj=g5 


whence  Br  =  1-8  w;  CI  =  0-8  w. 

If  the  quantity  of  bromine  is  very  small,  as  in  sea-water  and  salt-fiprings,  in 
comparison  with  that  of  the  chlorine,  this  method  does  not  give  very  exact  re- 
sults. In  such  cases  it  is  best  to  mix  the  solution,  after  due  concentration,  with 
only  enough  nitrate  of  silver  to  precipitate  about  one-sixth  of  the  chlorine,  and 
treat  the  precipitate  thus  formed,  —  which  is  sure  to  contain  the  whole  of  the 
bromine, — in  the  manner  just  described.  The  remainder  of  the  chlorine  is  then 
determined  by  treating  the  filtered  liquid  with  excess  of  nitrate  of  silver. 

According  to  Mr.  F.  Field,*  chloride  of  silver  is  completely  decomposed  by 
agitating  it  with  excess  of  bromide  of  potassium  in  solution,  the  silver  being  oon- 
Terted  into  bromide,  and  the  whole  of  the  chlorine  passing  into  the  solution. 
This  mode  of  decomposition  might  therefore  be  used  instead  of  the  ignition  of  the 
mixed  precipitate  in  a  current  of  chlorine.  The  chloride  ^nd  bromide  of  silver 
are  also  completely  decomposed  by  iodide  of  potassium. 

Iodine  in  soluble  iodides  is  estimated  by  precipitation  with  nitrate  of  silver,  in 
the  same  manner  as  chlorine  and  bromine;  100  pts.  of  iodide  of  silver  contain 
54  025  pts.  of  iodine. 

It  may  also  be  precipitated  as  iodide  of  palladium  by  mixing  the  solution  with 
nitrate  or  chloride  of  palladium.  A  black  precipitate  then  falls,  which  settles 
down  slowly  but  completely,  and  when  ignited,  leaves  metallic  palladium,  100  pts. 
of  which  are  equivalent  to  23*83  pts.  of  iodine;  or  the  precipitate  may  bo  col- 
lected on  a  weighed  filter,  dried  at  100°  C.  and  weighed ;  100  pts.  of  it  contain 
7  04  pts.  of  iodine ;  but  the  method  by  ignition  is  to  bo  preferred. 

This  method  of  precipitation  serves  also  to  separate  iodine  from  bromine  and 
chlorine.  If  the  chlorine  is  also  to  bo  estimated,  the  precipitation  must  of  course 
bo  made  with  nitrate  of  palladium,  not  with  the  chloride.  If  bromine  is  present 
without  chlorine,  the  iodine  must  be  precipitated  with  chloride  of  palladium,  be- 
cause the  nitrate  would  precipitate  bromine  aS  well  as  iodine :  the  precipitation  of 
the  bromine  may,  however,  be  prevented  by  the  addition  of  a  soluble  chloride. 
To  estimate  the  chlorine  and  bromine  in  the  filtered  liquid,  the  excess  of  palladium 
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must  be  removed  by  hydrosulphuric  acid,  and  the  excess  of  the  latter  Yv  r!i.nc« 
of  nitric  acid  or  a  ferric  .salt.  The  brouuDC  and  chlorine  xnuy  tlien  bo  jiro*  .:.-'u.:>'J 
by  nitrate  of  tfilvcr,  and  the  precipitate  treated  in  the  niaonur  a  I  read  \  <ii>- hUl 

The  methods  of  treating  insoluble  iodides  are  similar  to  those  already  ^.tcu  f>jr 
chlorides  (p.  708). 

lodates  and  pcriodates  are  reduced  to  iodides  by  the  action  of  ;oIphar?iu  or 
hydrosulphuric  acid.  To  decompose  them  by  ignition  would  not  give  accunu  r^ 
suits,  because  a  portion  of  the  iodine  is  thereby  expelled. 

Iodine  and  bromine  in  organic  compounds  are  estimated  Id  the  same  miniier  is 
chlorine  (p.  799). 

FLUORINE. 

Sources  nf  Fluorine,  —  Professor  G.  Wilson,  of  Edinbargh,  has  di«coTere>d 
fluorine  in  a  great  number  of  plants,  especially  in  the  siliceous  litems  of  ^v-5ei 
and  equisetacoous  plants,  always  however  in  very  small  and  variable  quactit:*^ 
He  supposes  that  soluble  fluorine-compounds  diffuse  themselves  through  the  ri*!?; 
sap  of  the  plant,  and  are  converted,  by  the  silica  therein  contained,  into  insVci'le 
sili co-fluorides.  Traces  of  fluorine  also  occur  in  the  trapHrocks  near  Kdinburdi 
and  in  the  neighbourhood  of  the  Clyde,  in  the  granites  of  Aberdoendhirv.  taiia 
the  soils  formed  by  the  disintegration  of  such  rocks.^.  The  same  choIr.i^:  La 
likewise  found  fluorine  in  the  ashes  of  ox-blood,  milk,  crcam-cheose,  axij  nrr 
slight  traces  in  the  jlsIi  of  the  whey.f  For  the  detection  of  small  iju:tn(iiif<  •! 
fluorine  in  rocks,  ashes,  &c.,  Professor  Wilson  heats  the  subst;ince  (mixi^  wiih 
silica  if  that  body  be  not  already  present)  with  strong  sulphuric  acid  iu  a  z^i 
vessel ;  passes  the  evolved  fluoride  of  silicon  into  water  j  supersaturates  tho  hv^lrsv 
fluosilicic  acid  thus  formed  with  ammonia ;  evaporates  to  dryness ;  exhausts  ihe 
residue  with  water;  again  evaporates  the  filtrate;  and  tests  the  residue  in  the 
ordinary  way  by  treating  it  with  sulphuric  acid  in  a  platinum  vessel  covered  vith 
a  waxed  glass  plate.^ 

lsi)Jntion  of  Fluorine, — Fremy,  by  submitting  fused  fluoride  of  pota5>:a?a  to 
the  action  of  the  voltaic  battery,  has  eliminated  a  gas  which  rapidly  attack"  f-li- 
tinum,  decomposes  water  with  formation  of  hydrofluoric  acid,  and  displace*  it^cioc 
from  its  combinations  with  metals.  By  decomposing  fluoride  of  calcium  at  a  ni 
heat  with  dry  chlorine  or  oxygen,  he  likewise  obtains  a  gas  which  rapidly  atticks 
glass.     This  gas  appears  to  be  fluorine. § 

Anhydrous  hydrojluoric  acul  may  be  obtained  by  heating  the  fluoride  of  p>ta*- 
slum  and  hydrogen  in  a  platinum  vessel,  or  by  decomposing  fluoride  of  lead  oa  i 
layer  of  charcoal  in  n  platinum  tube  by  dry  hydrogen  gas.  It  is  gaseomi  at  ordi- 
nary temperatures ;  but  at  the  temperature  of  a  mixture  of  ice  and  salt,  it  cm- 
denses  into  a  very  mobile  liquid,  which  acts  violently  on  water,  forms  white  fttmei 
in  the  air,  and  attacks  glass.     ( Fremy.  ||) 

Estimation  of  Fluorine.,  —  The  solid  compounds  of  fluorine  arc  decomp«iMd  bf 
heating  them  iu  a  pLitinum  crucible  with  strong  sulphuric  acid,  the  heat  b«icg 
continued  till  all  the  fluorine  is  expelled  in  the  fonn  of  hydrofluoric  acid,  and  the 
excess  of  sulphuric  acid  is  likewise  drawn  ofi".  Tho  residual  sulphate  i*  thca 
weighed,  and  the  quantity  of  metal  in  it  calculated ;  this  quantity  deducted  fnA 
the  original  weight  of  the  fluorine  gives  the  quantity  of  fluorine.  Or,  suppceiD? 
DO  other  volatile  acid  to  be  present,  if  the  diflference  in  the  weight  of  the  flu'^ri^ie 
and  the  sulphate  fonned  from  it  be  dy  tho  quantity  of  fluorine  may  be  found  tj 
means  of  the  equations, 

Sa-F  =  rf/    -jr^jgry 

«  Edinb.  Phil.  J.  liii.  356.  f  Chem.  Gax.  1850.  366. 
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The  second  mode  of  calculation  is  equally  applicable,  whether  the  fluorine  be  com- 
bined with  one  metal  or  with  several. 

Fluorides  frequently  occur  in  nature  in  conjunction  with  phosphates,  as  in 
apatite  and  in  bones.  To  analyze  such  a  compound,  it  is  first  heated  with  sul- 
pnuric  acid  to  expel  the  fluorine ;  the  residue  digested  with  alcohol  to  dissolve  the 
phosphoric  acid  which  has  been  set  free;  the  quantity  of  that  acid  determined  by 
precipitation  with  ammonia  and  sulphate  of  magnesia;  and  the  metals  now  remain- 
ing in  the  form  of  sulphates  determined  by  methods  already  given.  Lastly,  the 
total  weight  of  these  metals,  together  with  that  of  the  phosphoric  aoid,  or  rather 
of  the  corresponding  salt-radical  (POs,  if  the  phosphates  arc  tribasic),  is  deducted 
from  the  original  weight  of  the  mineral ;  and  the  dificrence  gives  the  quantity  of 
fluorine. 

From  solutions,  fluorine  is  generally  precipitated  as  fluoride  of  calcium,  from 
the  weight  of  which,  if  pure,  the  quantity  of  fluorine  may  be  immediately  calcu- 
lated ;  but  if  other  substances  are  precipitated  at  the  same  time,  the  quantity  of 
fluorine  must  be  determined  in  the  manner  above  described. 

BUNSEN'S   general   METHOD   OF  VOLUMETRIC  ANALYSIS. 

This  method,  which  is  applicable  to  a  great  number  of  analyses  depending  upon 
oxidation  and  reduction,  is  founded  on  the  principle  of  liberating  a  quantity  of 
iodine  equivalent  to  the  substance  which  is  to  be  estimated,  and  determining  the 
amount  of  this  iodine  by  means  of  a  standard  solution  of  sulphurous  acid. 

Iodine  and  sulphurous  acid,  in  presence  of  water,  form  hydriodic  and  sulphuric 
aoids} 

SO,  H-  I  +  HO  =  SOs  +  HI, 

each  equivalent  of  sulphurous  acid  thus  transformed  corresponding  to  1  eq.  of 
iodinC;  or  32  parts  by  weight  of  anhydrous  sulphurous  acid  to  123*36  parts  of 
iodine. 

For  this  reaction,  however,  it  is  necessary  that  the  liquids  be  very  dilute ;  for, 
at  a  certain  degree  of  concentration,  the  opposite  change  takes  place,  sulphuric 
and  hydriodic  acids  decomposing  each  other  in  such  a  manner  as  to  yield  sulphur- 
ous acid,  water,  and  iodine.  The  solution  of  sulphurous  acid  used  for  the  esti- 
mation of  iodine  must  never  contain  more  than  from  0*04  to  0*05  per  cent,  of 
iodine. 

The  method  requires  three  standard  test-liquids :  a  solution  of  iodine,  a  solution 
of  sulphurous  acid,  and  a  solution  of  iodide  of  potassium.  To  prepare  the  first,  a 
weighed  quantity  of  iodine,  as  pure  as  can  be  obtained,  is  dissolved  in  a  concen- 
trated solution  of  iodide  of  potassium  (which  must  be  perfectly  free  from  free 
iodine  and  iodate  of  potash,  and  therefore  must  not  exhibit  any  brown  colour, 
either  by  itself  or  on  addition  of  hydrochloric  acid),  and  the  liquid  diluted  to  such 
a  degree  that  200  cubic  centimeters  may  contain  1  gramme  of  iodine,  so  that,  if  a 
division  of  the  burette  contains,  half  a  cubic  centimeter,  each  degree  may  contain 
lio  ^^  0*0025  of  a  gramme  of  the  iodine  used.  But  as  a  commercial  iodine,  even 
the  purest,  contains  traces  of  chlorine,  it  is  necessary  to  determine  the  real  value 
in  iodine  of  a  degree  of  the  burette  by  special  experiment.  The  method  of  doing 
this  will  be  presently  described  (p.  804). 

Of  the  second  test-liquid,  the  dilute  sulphurous  acid,  it  is  best  to  prepare  a  con- 
siderable quantity,  20  or  30  litres,  at  a  time,  so  that  the  alteration  produced 
in  it  by  the  oxidizing  action  of  the  air  during  the  course  of  an  experiment, 
or  even  in  a  day,  may  be  imperceptibly  small.  To  give  the  acid  the  proper 
degree  of  solution,  20  or  30  litres  of  water  are  mixed  with  a  small  measure-glass- 
ful of  concentrated  sulphurous  acid ;  the  liquid  shaken ;  200  burette-degrees,  or 
100  cubic  centim.  of  it  measured  off;  this  portion  of  liquid  mixed  with  starch, 
and  the  standard  solution  of  iodine  added  from  the  burette,  till  the  liquid  just 
51 
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exLibits  a  perceptible  blue  colour.   If  the  number  of  burettc-deprees  of  tli«iodiB6> 
Bolution  required  for  ibis  purpose  be  (y  and  the  quantity  of  iodine  in  coe  desret 

be  Of  the  quantity,  x,  of  anhydrous  sulphurous  acid,  8;  in  100  degrees  of  theidd 
solution  will  be 

S  32 

The  most  convenient  strength  of  the  sulphurous  acid  solution  is  abavt  O-CS 
anhydrous  sulphurous  acid  to  100  water.*  It  must  be  tested  at  the  commrDcciBcat 
of  each  day's  work,  and  will  require  renewal  after  three  or  four  days.f 

The  third  test-liquid  is  a  solution  of  pure  iodide  of  potassium,  containing  aboBt 
1  gmi.  of  the  iodide  to  10  cubic  centimeters  of  water. 

1.  Determiixatiofi  of  the  amount  of  pure  iodine  in  a  commercial  *impfc.— Tbe 
weighed  sample  is  dissolved  in  the  solution  of  iodide  of  potassium,  in  the  prnp.r> 
tion  of  about  0-1  grm.  to  4  or  5  cub.  centim.  of  liquid.  To  the  resulting  bti-vi 
solution,  as  many  measures,  n,  of  the  standard-solution  of  sulphurous  acid  an 
added  as  are  required  to  destroy  the  brown  colour  completely.  The  next  ^\  n 
to  determine  the  quantity  of  iodine,  Xj  by  which  this  quantity  of  sulphunv  acid 
has  been  partially  decomposed.  This  is  effected  by  adding  three  or  funr  ccbiA 
centimeters  of  clear  and  very  dilute  starch>solution,  and  then  druppinc  ia  tie 
standard-solution  of  iodine  from  the  burette,  till  a  blue  colour  bosrinn  to  appear. 
If  f  degrees  of  the  iodine-solution  are  required  for  this  purpose,  and  the  quaodtj 
of  iodine  in  each  degree  is  a,  the  quantity  required  to  decompose  compkieii  di 
n  measures  of  sulphurous  acid  is  x  -f  af.  Further,  if  we  determine  the  qoaati^ 
of  iodine,  a  t,  required  to  decompose  one  measure  of  the  sulphurous  acid  solatioa^ 
we  shall  obtain  the  equation  x  +  a^  ^  nat ;  whence 

X  ^  a{nt  —  <'). 

If  the  weight  of  the  sample  of  iodine  be  Aj  the  quantity  expressed  as  a  per  oentigt 

will  be  — J-  (n<  —  l!)  ]  and  if  — j-  ==  1,  that  is,  if  the  quantity  wciirhed  out  if 

exactly  100  a  (4  gnus,  if  a  =  ^^i^  gnn.),  the  difference  of  the  two  measareBMStiy 
fit  —  fj  gives  at  once  the  per  ccntage  of  iodine  in  the  sample. 

The  same  method  may  be  applied  to  determine  the  quantity  of  free  iodbe  eoo- 
taincd  in  any  liquid. 

2.  Determination  of  Chlorine,  —  Chlorine  decomposes  a  solution  of  iodide  rf 
potassium  instantly  and  completely,  without  the  aid  of  heat,  setting  fn^  an  equTa- 
Icnt  quantity  of  iodine.  If  this  quantity  of  liberated  iodine  be  determined  in  tbe 
manner  just  described,  the  quantity  of  chlorine  will  be  given  by  the  er|Qatiao, 

a;  =  Y  ^  (j^^^^  0' 

3.  Similarly  for  Bromine : 

Br 

a:  =  "Y" .  a  (fii  —  tT), 

4.  Chlorine  and  Bromine  together. — To  estimate  the  quantity  of  chlorine  ««• 
tninod  in  a  sample  of  bromine,  a  quantity,  A,  of  the  bromine,  thronsrhlT  dritd,  '^ 
dis.<>o]vod  in  a  solution  of  iodide  of  potassium,  and  the  quantity  of  iodiue.  ^  h'^O 
thereby  sopanitod,  is  detenu incd  as  above.  Then,  denoting  the  quantity  uf  brvUiJ^ 
by  Xj  and  that  of  chlorine  by  ^,  we  have  the  equations :  — 

*  As  a  cubic  centimeter  of  water  weighs  a  gramme,  this  is  the  samo  as  0  0;^  grn.  ia  1^^ 
cubic  centimeters  or  liOO  burette-diTisions. 

f  A  modification  of  this  method,  in  which  hyposulphite  of  Bo«la  is  used  instead  of  lalp^i^ 
ous  acid,  has  been  introduced  by  Mr.  £.  0.  Brown.    (See  page  484.) 
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X  +  y  =  A; 

=ril  —  a  (nt  —  f)            a  (nt  —  f)  —  ^A 
,                    CI                                          ^           '^       Br 
whence  x  =  — = = ;  y  = j j — . 

Ci    ~    Br  Ci     ~      Br 

If  the  chlorine  and  bromine  are  in  a  state  of  combination,  they  may  be  set  free  by 
distilling  the  mixture  or  compound  with  bichromate  of  potash  and  sulphuric  acid| 
the  evolved  gases  being  passed  into  the  solution  of  iodide  of  potassium. 

A  similar  method  may  be  applied  to  a  mixture  of  chlorine  and  iodine,  the  equa- 
tions then  becoming  — 

a;  +y  =  u4;  gjOJ  +y  =  a(ni  —  f). 

5.  Chlorites  and  Eypachlorites, — ^A  solution  of  the  salt  is  mixed  with  solution 
of  iodide  of  potassium,  and  hydrochloric  acid  added  in  slight  excess.  From  the 
quantity  of  ioaine,  a  (nt  —  (f)  thus  separated,  the  quantity  of  chlorous  acid,  a/,  or 
Ajdrochlorous  acid,  a/',  may  oe  determined  from  the  equations 

(jl 

It  must  be  remembered  that  1  eq.  CIO  decomposes  2  eq.  El,  and  1  eq.  ClOa 
decompoees  4KI. 

This  method  is  well  adapted  to  the  estimation  of  chloride  of  lime  for  commercial 
purposes.     If  J.  be  the  weight  of  the  sample,  the  percentage  of  chlorine  will  be 

-^ — f-  a  (nt — f);  and  if  A  be  equal  to  — = —  o,  the  difference  of  the  two  mea- 
surements, nt  —  tff  gives  directly  the  bleaching  power  of  the  product  in  percentage 
of  chlorine. 

6.  Ohromates,  —  When  a  chromate,  e,  g,  bichromate  of  potash,  is  boiled  with 
excess  of  fuming  hydrochloric  acid,  every  2  eq.  chromic  acid  eliminate  3  eq. 
chlorine :  — 

2CrO,  +  6HC1  =  Cr.CU  +  6H0  +  3C1  j 

and  the  8  eq.  of  chlorine  passed  into  a  solution  of  iodide  of  potassium,  liberate  8 
ecj.  of  iodine,  which  may  be  estimated  volumetrically  as  above.  Hence  the  quan- 
tity X  of  chromic  acid  contained  in  a  known  weight  A  of  bichromate  of  potasn,  or 
any  other  chromate,  will  be  given  by  the  equation  — 

2Cr 
X  =  -gj-  a  (nt  —  r) ; 

•    inn      -.  200  Cr     ,  ^       ,. 

or  m  100  parts :  x  =     .    ^j  a  (nt  — r). 

200  (jr  .     . 

If  A  =  -—nj —  Of  that  is,  if  the  sample  taken  weighs  exactly  this  quantity,  the 

difference  of  the  two  measurements,  nt  —  t',  gives  directly  the  percentage  of  chromic 

K  +  2Cr  • 

acid.    Similarly,  for  A  =  100 ^ —  a,  this  difference  would  give  the  pei> 

ox 


..-» 
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centage  of  pure  bichromate  of  potash,  and  for  A  =  200 ^ a,  the  p«r«nt- 

age  of  pure  chromate  of  lead  in  these  respective  salts. 

The  analysis  is  made  by  introducing  a  weighed  quantity  of  the  chromate  into  i 
small  Rusk  holding  about  40  cubic  centimeters,  filled  about  two-thirds  with  fami:.; 
hydrochloric  acid,  and  having  a  gas-delivery  tube  adapted  to  its  neck  by  niiacs 
of  a  tube  of  vulcanized  caoutchouc.  The  glass  tube  is  inserted  into  the  neck  of  :\a 
inverted  retort^  of  the  capacity  of  about  IGO  cubic  centim.,  containing  a  solatia 
of  iodide  of  potassium.  The  middle  of  the  neck  of  the  retort  is  blown  ont  ii:tj  a 
bulb  to  receive  any  liquid  that  may  be  thrown  up.  A  piece  of  vuleanizod  c&i  u:- 
chouc  is  tied  tightly  over  the  open  end  of  the  glass  tube,  and  a  slit  cut  in  it  viih 
a  sharp,  wet  penknife.  This  slit  opens  when  pressed  from  within,  but  c:>.«^ 
tightly  when  pressed  in  the  opposite  direction,  thus  fonuing  an  excelltint  valve. 
The  liquid  in  the  flask  is  now  boiled  for  three  or  four  minutes,  by  which  tioio  ths 
whole  of  the  chlorine  is  expelled,  and  an  equivalent  quantity  of  iodine  libenud. 

The  volumetric  analysis  of  pure  bichromate  of  potash  affords  an  easy  methcni  of 
determining  the  value  of  a,  or  the  quantity  of  pure  iodine  contained  in  a  bun-::e 
degree  of  the  standard  solution  (p.  802).    For  if  the  bichromate  of  potash  be  pore, 

K  +•  2'C'r 
its  weight  A  is  exactly  equal  to ry a  (nt  —  f)  ;  therefore, 

a  = 


(K  +  2  Cr)  (nt  —  Q 

7.  Peroxides.  —  The  quantity  of  oxygen  in  the  peroxides  of  lead,  manganwe, 
&c.,  may  be  estimated  in  a  similar  manner  to  chromic  acid.  Thus,  the  pcrccutace 
of  oxygen  in  binoxide  of  lead  PbOa  is  given  by  the  formula — 

a;=  I00^a(n(  —  f); 

and  the  percentage  of  pure  binoxide  of  manganese  in  a  commercial  sample  of  the 
black  oxide  by  the  formula  — 

100  Mn    , 
a^=    ^    J   a(nt—f). 

Besides  the  preceding  and  a  great  number  of  other  bodies  which  pve  ri?e  to  ft 
separation  of  free  chlorine,  the  iodometrio  method  may  be  applied  to  the  estimatioa 
of  substances  which  are  raised  by  chlorine  to  a  higher  degree  of  oxidation.  These 
substances  are  heated  with  fuming  hydrochloric  acid  and  a  known  weight,  p,  of 
pure  bichromate  of  potash ;  the  evolved  chlorine  is  passed  into  iodide  of  pot&s&iam; 
and  the  liberated  iodine  estimated  as  above.     The  quantity  thus  separated,  \vl 

a  (nt  —  ^),  is  equal  to  the  quantity  of  iodine,  -r-^— :r.,  equivalent  to  the  bicbnv 

K  -4"  2Cr 

mate  used  minus  the  quantity  t,  equivalent  to  the  protoxide  to  be  estimated.   Tbt 

latter  is  therefore, 

«  .  31  ,         ^ 

I  =  --■ n-r  — a  (nt  —  Cj. 

K  +  2Cr  ^  ^ 

Thus,  to  determine  the  amount  of  protoxide  of  iron  in  a  given  sample  of  iiw- 
ore,  it  must  be  remembered  that  each  equivalent  of  iodine  or  chlorine  cooTerti  2 
eq.  of  protoxide  into  sesquioxide :  — 

.      2FeO  +  I  +  HO  =  FeA  +  HI. 

If  then  i  be  the  quantity  of  iodine  required  to  convert  the  protoodde  of  iron  is 
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a  given  sample  into  sesquioxidei  the  quantity  e  of  protoxide  in  this  sample  will 

be  e  =  1 .  — ^  ;  and  substituting  for  i  its  value  above  given,  we  have 

6  Fe  2  Fe 

K 

and  hence  it  is  easy  to  calculate  the  equivalent  quantities  of  metallic  iron  and 
sesquioxide. 

Various  other  applications  of  the  method^  will  be  found  in  Professor  Bunsen's 
memoir.* 


METALS  OF  THE  ALKALIES  AND  EARTHS. 

POTASSIUM. 

Preparation  of  Potassium, — The  process  of  obtaining  this  metal  by  igniting  a 
mixture  of  carbonate  of  potash  and  charcoal,  has  received  considerable  improve- 
ments from  the  researches  of  Maresca  and  Donny.*}"  The  ordinary  form  of  the 
process,  which  is  that  devised  by  Brunner,  is  dangerous,  and  gives  very  uncertain 
results,  the  quantity  of  metal  obtained  by  it  beiug  often  very  small,  and  some- 
times, even  when  the  greatest  care  is  taken,  absolutely  nothing.  The  danger 
arises  from  the  obstruction  of  the  connecting  tube  by  the  black  substance  formed 
by  the  action  of  carbonic  oxide  on  the  potassium  there  deposited ;  and  the  loss  of 
product  is  due,  partly  to  the  formation  of  this  black  substance,  and  partly*  to  the 
escape  of  portions  of  the  metal  in  the  form  of  vapour.  The  first  of  these  incon- 
veniences can  only  be  obviated  by  keeping  the  entire  length  of  the  connecting 
tube  at  a  red  heat  during  the  whole  operation.  But  in  that  case,  if  the  large 
receivers  invented  by  Brunner  (see  fig.  152,  p.  370,  and  153,  p.  371,)  are  used, 
Dot  a  particle  of  the  metal  condenses,  the  whole  escaping  in  the  form  of  vapour. 
Hence  it  is  necessary  to  use  much  smaller  receivers ;  and  the  form  which  the 
authors  find  to  give  the  best  results,  is  that  of  a  shallow  rectangular  box,  12  cen- 
timeters long,  6  wide  and  4  deep.  Another  source  of  failure  in  the  operation  is 
the  want  of  a  due  proportion  between  the  carbonate  of  potash  and  charcoal  in  the 
calcined  tartar.  To  obtain  the  best  result,  the  quantity  of  charcoal  should  be 
neither  more  nor  less  than  that  which  is  theoretically  required  for  the  complete  re- 
duction of  the  potash  present.  Whether  this  is  the  case,  can  only  be  ascertained 
by  a  previous  analysis  of  the  burnt  tartar ;  and  any  excess  or  deficiency  of  char- 
coal, must  be  remedied  by  mixing  samples  of  tartar  of  dificrcnt  qualities.  Lastly, 
to  prevent  the  perforation  of  the  iron  bottle  during  the  ignition,  it  should  be 
coated,  not  with  clay  luting,  but  with  fused  borax.  Such  a  coating  is  easily 
formed  by  sprinkling  pulverized  borax  on  the  bottle  when  it  is  at  a  dull  red  heat. 

Preparation  of  Pot  a  mum  hy  Elevtroli/sis A  mixture  of  1  at.  chloride  of 

potassium  and  1  at.  chloride  of  calcium  (which  mixture  is  used  because  it  melts 
at  a  much  lower  temperature  than  chloride  of  potassium  alone),  is  melted  in  a 
small  porcelain  crucible  over  a  lamp,  and  subjected  to  the  action  of  a  Bunsen's 
battery  of  six  elements  with  carbon  poles,  the  heat  being  so  regulated  that  a  solid 
crust  forms  round  the  negative  carbon  pole,  while  the  mixture  remains  fused  and 
allows  the  free  evolution  of  chlorine  at  the  positive  pole.  When  the  decomposi- 
tion has  been  continued  in  this  manner  for  about  twenty  minutes,  and  the  cooled 

*  Ann.  Ch.  Pharm.  Ixxxti.  265 :  Chem.  Soo.  Qu.  J.  tuL  218. 
f  Ann.  Ch.  Phys.  [3],  xxxv.  147. 
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cracible  is  opened  under  rock-oil,  a  large  qnanti^  of  potassiam,  almost  clieauaDj 
pure,  b  generally  obtained.  If  the  same  expenment  be  repeated  at  a  white  beat 
oyer  a  charcoal  fire,  with  an  iron  wire  as  negative  pole,  small  globules  of  piit^nm 
arc  seen  burning  on  the  surface;  and  these,  when  analyzed,  are  found  to  be  almoa 
pure.     (Matthicssen.)* 

Preparation  of  pure  Hydrate  of  Potash,  —  Wohler  recommends  for  thij  pxa^ 
pose  the  decomposition  of  pure  nitre  by  metallic  copper  at  a  red  heat  1  pt.  bf 
nitre  aBd  2  or  3  pts.  of  thin  copper  plate  cut  into  small  pieces,  are  arraD;^.'«l  in 
alternate  thin  layers  in  a  covered  copper  crucible,  and  exposed  fur  half  au  hour 
to  a  moderate  red  heat.  The  cooled  mass  is  then  treated  with  water,  the  lic^aid 
left  to  stand  in  a  tall  covered  cylindrical  vessel  till  the  oxide  of  copper  has  com- 
pletely settled  down,  and  the  pure  solution  of  potash  then  decanted  with  x 
siphon. 

With  the  above  proportions  of  nitre  and  copper  part  of  the  latter  is  conTertei 
only  into  suboxide.  It  may,  therefore,  bo  used  for  a  second  preparation  of  poush, 
by  mixing  1  pt.  of  it  with  1  pt.  of  nitre  and  1  pt.  of  metallic  copper. 

Iron  may  also  be  used  to  decompose  the  nitre ;  but  the  potash  thereby  obtuDeJ 
is  contaminated  with  small  quantities  of  carbonic  acid,  silica,  &c.  The  nmt 
objection  applies  to  the  use  of  an  iron  crucible,  if  a  perfectly  pore  product  be 
required,  f 

Eitimation  of  Potassium,  Potassium,  when  it  occurs  in  a  compound  not  cob- 
taining  any  other  metal,  may  be  estimated  either  as  sulphate  or  as  chloride.  All 
potassium-salts  containing  volatile  acids,  are  decomposed  by  heating  them  with 
sulphuric  acid,  the  excess  of  which  may  afterwards  be  expelled  by  a  stiuogtr 
heat,  and  the  quantity  of  potassium  or  potash  calculated  from  the  weight  of  tU 
residual  neutral  sulphate.  It  is  difficult,  however,  to  expel  the  last  traces  of  free 
sulphuric  acid  by  mere  ignition ;  but  they  pay  be  completely  driven  off  by 
dropping  a  lump  of  carbonate  of  ammonia  into  the  crucible,  and  repeating  the 
ignition  with  the  cover  on ;  the  sulphuric  acid  then  difiPuses  into  the  atnosplwre 
of  ammonia  in  the  crucible,  and  a  perfectly  neutral  sulphate  remains.  It  ooatuai 
54-06  per  cent,  of  potash,  KO. 

In  estimating  potassium  as  chloride,  the  only  precaution  to  be  observed  u  to 
ignite  the  chloride  in  a  covered  crucible,  as,  when  strongly  heated  in  contact  with 
the  air,  a  portion  of  it  volatilizes.  Tho  chloride  contains  52*47  per  ceot  of 
potassium,  equivalent  to  63  19  per  cent,  of  potash. 

The  separation  of  potassium  from  all  soluble  substances  except  ammooti,  ii 
easily  effected  by  precipitating  it  with  bichloride  of  platinum,  adding  alcohol  to 
complete  the  precipitation  of  the  chloroplatinate  of  potassium,  collecting  the  pre- 
cipitate on  a  weighed  filter,  washing  with  alcohol,  and  drying  it  at  lUO^C.  It 
contains  16*04  per  cent,  of  potassium,  equivalent  to  19*31  of  potash. 

SODIUM. 

Preparation, — ^Dcville  finds  that  the  reduction  of  this  metal  from  the  carb> 
nate,  by  ignition  with  charcoal,  is  greatly  facilitated  by  the  addition  of  some  nb- 
stance,  such  as  chalk,  which  retains  the  mass  in  a  pasty  state  during  ignidon. 
The  best  product  is  obtained  with  a  mixture  of  717  pts.  of  dry  carbonate  of 
soda,  175  charcoal,  and  108  chalk.  With  regard  to  the  form  of  apparatus,  and 
the  mode  of  conducting  the  process,  Devillc  follows  exactly  the  directions  giT<D 
by  Marcsca  and  Donny  (p.  805),  for  the  preparation  of  potassium. t 

Sodium  may  be  readily  obtained  by  electrolysis,  in  a  manner  similar  to  that  de- 
scribed for  potassium  (p.  805),  using,  however,  a  mixture  of  1  at  chloride  of 
sodium,  and  2  at.  ohioriae  of  calcium.     (Matthicssen.) 

*  Chcm.  Soc.  Qa.  J.  Tiii.  30.  f  Ann.  Ch.  FlianD.  IxzzfiL  378L 

J  Ann.  Ch.  Phys.  [3],  xliiL  6. 
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Carbonate  of  Soda.  —  Solutions  of  carbonato  of  soda  are  capable  of  assuming 
the  state  of  supcrsaturation,  and  exhibiting  phenomena  similar  to  those  of  the 
sulphate  (p.  391).  An  aqueous  solution  of  the  salt,  saturated  at  a  high  tempera- 
ture,  and  enclosed  while  boiling  hot  in  scaled  tubes  or  well-corked  flasks,  remains 
supersaturated  at  ordinary  temperatures,  and  frequently,  even  when  cooled 
several  degrees  below  0°  C.,  not  depositing  any  crystals.  Keeping  the  air  in  con- 
tact with  the  liquid  from  agitation  (as  by  covering  the  hot  solution  with  a  glass 
receiver),  is  often  sufl&cient  to  prevent  the  formation  of  crystals  at  ordinary 
temperatures;  but  free  access  of  air  causes  immediate  solidification,  attended 
with  rise  of  temperature.  The  passage  of  an  electric  current  through  a  super- 
saturated solution,  does  not  induce  any  change  of  state. 

The  supersaturated  solutions  of  carbonate  of  soda  contain  a  salt  having  less 
water  of  crystallization  than  the  ordinary  10-hydrated  salt.  The  salt  contained  in 
them  is,  in  fact,  a  7-hydratcd  salt,  NaO .  CO2  +  7H0,  and  of  this  salt  there  are 
two  modifications,  differing  in  ciystalline  form  and  in  degree  of  solubility.  One 
of  them  (a)  crystallizes  in  rhombohedral  crystals ;  the  other  (b),  in  square  tables 
or  low  prisms :  both  these  salts  absorb  water  rapidly.  The  salt  b  was  first  ob- 
tained by  Thomson,  who,  however,  supposed  it  to  contain  8  at.  water.  When  a 
solution  saturated  at  the  boiling  heat,  and  containing  a  slight  excess  of  the  solid 
salt,  is  enclosed  in  a  flask,  which  is  corked  immediately  after  the  boiling  has 
ceased,  no  crystals  are  deposited  from  it  for  a  long  time  on  cooling  down  to 
between  25*^  and  18°  C. ;  but  on  cooling  below  8°,  it  deposits  chiefly  the  salt  b. 
When  cooled  to  between  16°  and  10°,  it  yields  the  salt  a,  which  redissolves 
between  21°  and  22°,  forms  again  on  cooling  to  19° ;  and  on  cooling  from  10°  to 
4^,  becomes  opaque,  and  passes  into  the  salt  b.  After  cooling  to  a  lower  tempe- 
rature, and  for  a  longer  time,  when  the  state  of  supersaturation  ceases,  the  whole 
is  converted  into  a  mass  of  crystals  of  the  ordinary  salt  NaO .  CO2  +  10  aq.  The 
following  table  gives  a  comparative  view  of  the  quantities  of  the  10-hydrated  and 
of  the  two  varieties  of  the  7-hydrated  salt^  contained  in  ]  00  parts  of  the  saturated 
solutions  at  different  temperatures :  — 

Temperature 0®  lO®  1o<»  20°        26o  SO®  880  104o. 

lO-hydrated  salt 70  12-1  162  21-7  28-5  87-2  51-7  46-6, 

7-hydrated  (6) 20-4  20-8  29-6  88ft  881  43-6  —  — 

7-hydr»ted  (a) 81-9  87-9  41-6  45'8  —  —  —  -. 

Hence,  it  appears,  that  carbonate  of  soda  exhibits  a  maximum  of  solubility,  at 
88°  C.  The  decrease  of  solubility  above  this  point  arises  from  the  formation  of 
another  hydrate,  NaO .  COg  +  HO.  This  hydrate,  which  separates  out  when  a 
solution  saturated  at  104°  C.  is  concentrated  by  boiling,  is  more  soluble  in  cold 
than  in  hot  water,  and  the  crystals  which  have  been  separated  by  boiling,  redis- 
Bolvc  in  the  mother  liquor,  when  left  to  cool  in  a  closed  vessel.     (H.  Loewel.)* 

Besides  the  hydrates  above-mentioned,  two  others  have  been  discovered  by 
Jacquelain,*!*  viz.  NaO .  COg  -f  15H0,  which  crystallizes  below  —  20°,  and  when 
dried  in  vacuo  gives  off  5  atoms  of  water,  and  is  converted  into  the  ordinary  ten- 
hydrated  salt;  and  NaO .  CO  +  9H0,  obtained  by  repeatedly  crystallizing  a  solu- 
tion which  at  first  contains  a  portion  of  bicarbonate  of  soda.  Jacquelain  also  finds 
that  carbonate  of  soda  gives  off  carbonic  acid  when  melted,  even  in  a  stream  of 
pore  and  dry  carbonic  acid. 

Sulphate  of  Soda,  — This  salt  appears  to  be  capable  of  existing  in  solution  in 
three  different  states,  viz.  as  anhydrous  salt,  NaO .  SO3,  as  the  scven-hydrated  salt, 
NaO .  SO3  -h  7H0,  and  as  the  ten-hydrated  salt,  NaO .  SO3  +  lOIlO,  which  is 
the  ordinary  Glauber's  salt.  The  following  table  shows  the  solubility  (as  deter- 
mined by  Loewel^)  of  the  anhydrous  salt,  and  of  the  two  hydrates,  in  water,  at 
Tarions  temperatures ;  also  the  quantity  of  anhydrous  salt  corresponding  in  each 
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case  to  the  hydrate  dissolved.     The  numbers  in  the  table  arc  the  qnantldci  of 
salt  dissolved  in  100  parts  of  water. 


Solubility  of  Sulphate  of  Soda. 


NaO.SO . 

N»OS0,+  10UO. 

NftOjK), 

,-?■  THU. 

Temp. 

1 

AohydrouB. 

Anhydiouii. 

Ilydzmte. 

AnbyJrou*. 

BTirCc 

0«C. 

%••  •  ••  • 

6-02 

12-16 

19  02 

44*4 

10 

••••••• 

900 

23  04 

3(»-49 

7»"^<« 

15 

•••••• • 

13-20 

85  96 

37-43 

lu'^  :.• 

18 

62  25 

,       14-80 

48-41 

41  63 

124.Vi 

20 

52-70 

19-40 

68-35 

44-73 

140itl 

25 

61-58 

2800 

98-48 

62  04 

1S8  46 

26 

61-31 

3000 

109-81 

64-07 

2'rjei 

80 

60-37 

4000 

184-09- 

83 

49-71 

60-76 

82318 

S4 

49-53 

65-00 

412-22 

1 
1 

4016 

48-78 

1 

1 

50-40 

46-82 

1 
1 

69-79 

45-42 

70-61 

44-85 

84-42 

42-96 

108-17 

42-65 

Sulphate  of  Soda  and  Potash,  —  Gladstone*  has  obtained  a  salt  contaioing 

\f^rl  \  6SOs,  by  fusing  the  neutral  or  acid  sulphate  of  potash  with  chloride  rf 

sodium,  or  sulphate  of  potash  with  sulphate  of  soda,  dissolving  the  fujied  ii:u<  io 
hot  water,  and  leaving  it  to  crystallize,  or  by  mixing  the  two  salts  in  hut  ai|n'.»0 
solution.  The  salt  which  crystallized  out  was  anhydrous,  and  exhibited  tie  crT»- 
talline  form  of  sulphate  of  potash.  H.  Rosef  had  previously  obtained  the  sane 
salt,  but  had  not  assured  himself  of  its  definite  constitution. 

Estimation  of  Sodium,  —  This  metal,  like  potassium,  may  be  estimated  cixhff 
as  chloride  or  as  sulphate.  The  sulphate  contains  32-54,  and  the  chloride  ol^  53 
per  cent,  of  sodium. 

Sodium  is  separated  from  potassium  by  means  of  bichloride  of  plitiiium,  with 
addition  of  alcohol,  which  precipitates  the  potassium,  and  leaves  the  ^inuj  ia 
solution.  The  quantity  of  potassium  may  then  be  determined  from  the  wrj.-ht  of 
the  precipitate,  and  the  sodium  estimated  by  difference.  Or  if  a  direct  estimatioQ 
of  the  sodium  be  desired,  the  filtered  liquid  may  be  freed  from  excess  of  pl-jtiooa 
by  means  of  hydrosulphuric  acid,  and  the  sodium  in  the  filtrate,  which  tit  u  c«fi- 
tains  no  other  metal,  determined  as  sulphate. 

If  the  potassium  and  sodium  are  in  the  form  of  chlorides,  the  metL:d  jasl 
described  may  be  applied  immediately ;  if  not,  it  is  bent  first  to  convert  the.-:;  ii;!o 
chlorides,  which  may  in  some  cases  be  done  by  merely  heating  the  mix»'i  mIb 
with  excess  of  hydrochloric  acid,  or,  in  case  of  sulphuric  or  phosphoric  aciJ  b^iag 
present,  by  precipitating  the  acid  with  chloride  of  barium,  removing  the  exce« 
of  barium  with  carbonate  of  ammonia,  and  expelling  the  amnioniueal  salts  fntiii  the 
filtrate  by  evaporation  and  ignition.  The  residue  is  a  mixture  of  the  chloridt^s  of 
potassium  and  sodium. 

AMMONIUM. 

A  compound  radical  consisting  of  ammonia  with  an  additional  atom  of  hjdnh 
gen,  was  first  supposed  to  exist  in  the  ordinary  salts  of  ammonia  by  Benclius,  uA 
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termed  ammonium.  This  body  has  never  been  insulated,  but  is  supposed  to 
appear,  in  a  certain  experiment,  in  combination  with  mercury,  and  possessed  of 
the  metallic  character  (p.  167).  The  compounds  of  ammonium  are  always  strictly 
isomorphous  with  the  cori^sponding  compounds  of  potassium. 

Chloride  of  ammonium,  Ht/drochlorate  or  Muriate  o/ ammonia,  Sal-ammo^ 
ntac,  NH4 .  01.  —  This  salt  is  formed  when  ammonia  is  neutralized  by  hydrochloric 
acid;  NEI3  +  HCl  =  NH4.CI.  It  is  prepared  in  largo  quantity  from  the  am- 
moniacal  liquor  obtained  in  the  distillation  of  bones,  in  the  manufacture  of  animal 
charcoal,  and  from  the  liquor  which  condenses  in  the  distillation  of  coal  for  gas. 
These  liquors  contain  ammonia  principally  in  the  state  of  carbonate  and  hydrosul- 
pbatc,  which  may  be  converted  into  chloride  of  ammonium  by  the  addition  of 
hydrochloric  acid.  The  salt  is  purified  by  crystallisation,  and  sublimed  in  vessels 
of  iron  or  earthenware,  in  the  upper  part  of  which  it  condenses  and  forms  a  solid 
cake,  the  condition  in  which  sal  ammoniac  is  always  met  with  in  commerce. 

Sal-ammoniac  is  tenacious  and  difficult  to  reduce  to  powder;  its  sp.  gr.  is  1*45. 
It  has  a  sharp  and  acrid  taste,  and  dissolves  in  2-72  parts  of  cold,  and  in  an  equal 
weight  of  boiling  water;  it  is  also  soluble  in  alcohol.  It  generally  crystallizes 
from  solution  in  feathery  crystals,  which  are  formed  of  rows  of  minute  octohe- 
drons  attached  by  their  extremities.  At  a  red  heat  it  volatilizes  without  previous 
fusion. 

A  corresponding  bromide,  iodide,  and  fluoride  of  ammonium  may  be  formed  by 
Deutralizing  ammonia  with  hydrobromic,  hydriodic,  and  hydrofluoric  acids. 

Suljjhidts  of  Ammonium. — When  4  volumes  of  ammonia  combine  with  2  of 
hydrosulphuric  acid  gas,  the  sulphide  of  ammonium  is  produced;  NHs  +  HS  = 
Nil4 .  S.  Ammonium  combines  with  sulphur  in  several  other  proportions,  which 
are  obtained  on  mixing  and  distilling  the  various  sulphides  of  potassium  with  sal- 
ammoniac.  In  the  reciprocal  decomposition  which  occurs,  the  potassium  com- 
bines simply  with  chlorine,  and  the  ammonium  with  sulphur.  The  following  com- 
pounds are  generally  enumerated :  NII4  .  S ;  NH4  .  S  4-  HS ;  NII4  .  S3  and 
KH4 .  S5.  The  protosulphidc  has  long  been  formed  by  distilling  a  mixture  of 
quicklime,  sulphur,  and  sal-ammoniac,  and  known  under  the  name  of  the /umivg 
liquor  of  Boyle.  It  is  a  volatile  liquid,  the  vapour  of  which  b  decomposed  by 
oxygen,  and  thus  fumes  produced.  The  second  compound,  which  is  a  sulphide 
of  hydrogen  and  ammonium,  is  formed  by  transmitting  hydrosulphuric  acid  gas 
through  solution  of  ammonia  to  saturation.  This  liquid  is  generally  called  the 
hydrosulphate  of  ammonia,  and  is  a  very  useful  reagent  in  chemical  analysis.  AH 
the  sulphides  of  ammonium  arc  soluble  in  water  and  alcohol  without  decom- 
position. *- 

Nitrate  of  Ammonium,  NH4O  .  NO5. — When  nitric  acid  is  saturated  with  am- 
monia, a  salt  is  obtained  which  crystallizes  in  six-sided  prisms,  and  is  isomorphous 
with  nitrate  of  potash.  Besides  the  elements  of  anhydrous  nitric  acid  and  am- 
monia, this  suit  contains  an  atom  of  water  which  cannot  be  separated  from  it, 
which  is  also  found  in,  and  is  equally  essential  to,  the  salts  formed  by  neutralizing 
all  other  oxygen-acids  by  ammonia,  such  as  sulphurous  acid,  sulphuric,  carbonic, 
&c.,  in  contact  with  water.  The  hydrogen  of  this  water  is  assigned  to  the  am- 
monia, to  form  ammonium,  which  the  oxygen  converts  into  oxide  of  ammonium ; 
80  that  the  product  is  nitrate  of  the  oxide  of  ammonium ;  or  NH3  +  HO  .  NOs  = 
NH4O  .  NOft.  This  salt  deflagrates  with  flame  when  thrown  upon  red-hot  coals. 
"When  decomposed  between  3U0°  and  400°,  it  is  resolved  into  water  and  nitrous 
oxide  (p.  697). 

Carbonates  of  Ammonium.  —  The  neutral  carbonate  of  oxide  of  ammonium 
appears  not  to  exist  in  the  free  state,  but  by  distilling  the  sesquicarbonate  of  am- 
munia  of  the  shops  at  a  gentle  heat.  Rose  obtained  a  volatile  crystalline  salt,  which 
may  be  viewed  as  a  compound  of  anhydrous  carbonate  of  ammonia  with  carbonate 
of  ammonium  :  NH3 .  CO^  +  NH4O  .  00^.  When  the  commercial  salt  is  exposed 
to  the  air,  it  loses  its  pungent  odour,  and  a  white  friable  mass  remains,  which  is 
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the  bicarbonate  of  ammoDiam,  or  carboDatc  of  water  and  oxide  of  amsaDhia : 
HO  .  COj  +  NII4O .  COj.  This  is  a  stable  salt,  and  may  be  dissolTt.-d  and  tTj> 
tallized  without  change. 

The  scs<iuicarbonate  of  ammonia  of  the  shops  is  a  crystalline  transi^part'i::  itia*, 

which  Rose  finds  to  have  generally,  but  not  always,  the  compo^itiun  a.->ii:Lo.i  :■»  it 

by  Mr.  Phillips,  or  to  contain  SCO,  with  2NlIj  and  2 HO.     Koso  is  di^p^•^cd  10 

cpnsiScr  it  a  compound  of  anhydrous  carbonate  of  ammonia  and  biciirln  n^:^  d 

oxide  of  ammonium,  or  NIl3C0i  +  (HO  .  CO,  4-  NH.  O  .  CO,).     Mr.  ^:uila 

has  shown  that  a  small  quantity  of  water  dissolves  out  the  carbonate  fr>u  !Lii 

salt,  and  leaves  the  bicarbonate,  which  is  the  least  .soluble.     This  ubscrvali  .^b  doei 

not  prove  the  commercial  salt  to  be  a  mechanical  mixture  of  the  two  «a!Ls  aonvcl 

from  it,  as  many  undoubted  compounds  of  two  salts  are  decomposed  bv  vxtrr, 

when  one  of  the  constituent  salts  is  much  more  soluble  than  the  other.     AD«.<ha 

salt  wns  obtained  by  Hose,  in  well-formed  cr}'stals,  uf  which   the  ammonb  ani 

carbonic  acid  are  in  the  proportions  of  the  sesquicarbonate,  but  with  thre^  si- 

ditional  atoms  of  water.     No  fewer  than  twelve  different  carbonates  of  amQii«iA 

are  described  by  that  chemist.* 

Sufphntc  of  Ammonium y  Nn40  .  SO,  +  HO This  is  a  highly  culubic  siit, 

which  possesses  an  atom  of  water  of  ciystallization,  in  addition  to  the  atom  which 
is  essential  to  its  constitution.     It  appears  also  to  cnstallize  withuut  \}\\:i  water. 

I^hofphafcs  0/  Ammonivm. ^^Tho  biammouiacal  tribasic  phosphute,  ,-NH, 
0 .  HO)  .  POs,  analogous  to  ordinary  phosphate  of  soda,  is  obtained  by  dci.-uQk- 
posing  the  acid  phosphate  of  lime  with  carbonate  of  ammonium.  It  fornis  Iir^« 
transparent  ciystals,  belonging  to  the  oblique  prismatic  .<«ystero,  which  efloro^c^  lO 
the  surface  when  exposed  tu  the  air,  and  give  off  a  portion  of  their  amiuuula,  cv-  a 
at  ordinary  temperatures.  The  salt  dissolves  in  4  parts  of  cold,  and  a  snullvr 
quantity  of  hot  water.     (Mitscherlich.) 

The  monoammoniacal  phosphate,  (NHtO .  2nO) .  PO5,  is  formed  by  addins; 
phosphoric  acid  to  the  solution  of  the  preceding  salt,  till  the  liquid  becooid 
slightly  acid.  It  forms  crystals  beloogiug  to  the  souare  prismatic  sy&teni,  ind 
somewhat  less  soluble  than  the  preceding.     (Mitscherlich. ) 

A  basic  phosphate  is  also  formed  by  mixing  a  concentrated  solution  of  the  biam- 
moniacal  salt  with  ammonia;  but  it  quickly  gives  off  ammonia,  and  is  reci^nrcned 
into  the  biammoniacal  salt. 

Pyrophosphate  and  Mttopliosphate  of  Ammonium  may  also  be  formed  bvadJins; 
ammonia  to  the  aqueous  solutions  of  the  respective  acids ;  but  they  arc  cooTcited 
by  e\'aporation  into  the  corresponding  tribasic  phosphates.     (Graham.) 

Oxalates  of  Ammonium.  —  The  neutral  oxalate,  C4(NH4)20b  (regarding  ox:Jie 
acid  as  a  bibusic  acid,  p.  702),  is  obtained  by  neutralizing  the  ai|ueous  acid  wiih 
ammonia.  It  cr}'stallizes  in  long  prisms  united  in  tufts  and  belonging  to  the  ric^t* 
prismatic  system :  they  contain  2  eq.  of  water,  which  they  give  off  at  a  modenM 
heat.  The  acid  oxalate,  C4(H  .  NIl4)0|,  is  prccipitau^d  in  the  cry»taliiDC  furOf 
when  the  solution  of  the  neutral  salt  is  mixed  with  oxalic,  sulphuric,  or  bjdio- 
chloric  acid.     It  is  much  less  soluble  than  the  neutral  salt. 

A  superoxalate,  €4(11 .  Nn4)O0  +  C4H|0t,  separates  from  a  solution  of  tc\isi 
parts  of  oxalic  acid  and  the  acid  oxalate,  in  crystals  resembling  those  of  the  pn- 
ceding  salt,  and  containing  4  cq.  of  water. 

Neutral  oxalate  of  ammonium,  when  strongly  heated,  gives  off  4  at  water,  tad 
yields  a  sublimate  of  oxamide  (p.  713) : 

C4N,H,0,  —  4H0  =  C4NaH404, 

Neutral  oxalate  Oxamide. 

of  ammonium. 
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The  acid  salt,  when  heated,  gives  off  2  at.  vater,  and  Icares  ozamic  acid  (p. 
704): 

C^NHA— 2H0  =  C,NHA. 

Acid  oxalate  of  Oxamic  acid, 

ammoniimi. 

All  amides  and  amidogon-acids  may,  indeed,  be  regarded  as  ammonium-salts 
minus  water.  But  few  of  them,  however,  are  produced  by  the  actual  abstraction 
of  water  from  the  corresponding  ammonium-salts;  they  are  more  generally  pro- 
duced by  the  action  of  ammonia  on  anhydrous  acids,  acid  chlorides,  or  compound 
eihere  (pp.  704,  713,  715). 

The  compounds  formed  by  the  action  of  dry  ammonia  on  the  anhydrous  acids, 
eoinetimes  called  anhydrous  salts  of  ammonia,  and,  by  U.  Rose,  ammon-salts,  are 
all  either  amides  or  amidogen-acids.  Thus,  2  vols,  ammoniaoal  gas,  and  1  vol. 
carbonic  acid,  unite  and  form  the  compound  NH9CO2,  which,  doubling  the  atomic 

CO 
ireight,  is  carbamide j  Ng  I  A  '9  or  2  at.  ammonia  in  which  one-third  of  the  hydro- 
gen is  replaced  by  the  biatomic  radical  carbonyl,  G2O2.     With  anhydrous  sulphu- 
ric   acid,   ammonia   forms    two   compounds,  viz.    NllgSOs,  Hose's   sulpk-atam' 

mon,  or  sulphamide,  =  Ns  |  ^rr  ^  +  2H0 ;    and  sulphamic  acid,  NHsSjOe  = 
u'      }^''     S^^^^J)  ^^^  anhydrous  sulphurous  acid,  ammonia  forms 

ihionamide,  NHaSOg  =  N,  j  ^^«,  and  thionamic  acid,  NH,S  A  =  ^Hj^SA)  j  q^ 

[^or  the  amidcM  0/ phosphoric  acid,  seepage  787.] 

All  salts  of  ammonium,  heated  with  fixed  caustic  alkalies,  give  off  ammonia, 
which  may  be  absorbed  by  hydrochloric  acid,  and  its  quantity  then  determined 
either  by  evaporating  the  solution  of  chloride  of  ammonium  over  the  water-bath, 
or,  more  exactly,  by  precipitation  with  bichloride  of  platinum  (p.  619). 

LITHIUM. 

Preparation,  —  Pure  chloride  of  lithium  is  fused  over  a  spirit-lamp,  in  a  small 
porcelain  crucible,  and  decomposed  by  a  zinc-carbon  battery  of  four  or  six  cells. 
The  positive  pole  is  a  small  splinter  of  gas-coke  (the  hard  carbon  deposited  in  the 
gas-retorts),  and  the  negative  pole  an  iron  wire  about  the  thickness  of  a  knitting- 
needle.*  After  a  few  seconds,  a  small  silver-white  regulus  is  formed  under  the 
fused  chloride,  round  the  iron  wire  and  adhering  to  it,  and  after  two  or  three 
minutes  attains  the  size  of  a  small  pea.  To  obtain  the  metal,  the  wire  pole  and 
regains  are  lifted  out  of  the  fused  mass,  by  a  small,  flat,  spoon-shaped  iron 
spatula.  The  wire  may  then  be  withdrawn  from  the  still  melted  metal,  which  is 
protected  from  oxidation  by  a  coating  of  chloride  of  lithium.  The  metal  may 
now  be  easily  removed  from  the  spatula  with  a  penknife,  after  having  been  cooled 
under  rock-oil.  These  operations  may  be  repeated  every  three  minutes ;  and  thus 
an  ounce  of  the  chloride  may  bo  reduced  in  a  very  short  time. 

Lithium,  on  a  freshly-cut  surface,  has  the  colour  of  silver,  but  quickly 
tarnishes  on  exposure  to  the  air,  becoming  slightly  yellow.     It  melts  at  180°  C. 

*  The  decomposing  power  of  an  electric  current  depends  chiefly  upon  its  density,  t.  «• 
upon  the  quotient  obtained  by  dividing  the  strength  of  the  current  by  the  surface  of  the 
pole  at  which  the  electrolysis  takes  place.  Thus,  a  current  of  constant  strength  passed 
through  an  aqueous  solution  of  terchloride  of  chromium,  eliminates,  as  its  density  is  suc- 
oessif  elj  diminished  (or  the  cross-section  of  the  reducing  pole  increased),  metallic  chromium, 
chromoos  oxide,  ohromio  oxide,  anc^  lastly,  hydrogen.    (Bonsen,  Fogg,  Ann,  xcL  619.) 
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(350^  F.))  and  if  pressed  at  tbat  temperature  between  two  glass  plates,  exlillta 
the  colour  and  brightness  of  polished  silver.  It  is  harder  than  poUAl'im  or 
sodium,  but  softer  than  lead,  and  may,  like  that  metal,  bo  drawn  oat  iQ^J  wire. 
It  tears  much  more  easily  than  a  lead  wire  of  the  same  dimensions.     It  ma\  \j« 


as  that  of  calcium. 

Lithium  is  much  less  oxidablc  than  potassium  or  sodium.  It  makes  a  Uad-:jrej 
streak  on  paper.  It  ignites  at  a  temperature  much  higher  than  its  mcltini;  puint, 
burning  quittly,  and  with  an  intense  white  light.  It  bums  when  heated  in 
oxygen,  chlorine,  bromine,  iodine,  or  dry  carbonic  acid,  and  with  great  bnlliinej 
on  boiling  sulphur.  When  thrown  on  water,  it  oxidizes,  but  does  not  fas«  like 
sodium.  Nitric  acid  acts  on  it  so  violently,  that  it  melts  and  often  take»  fiir. 
Strong  sulphuric  acid  attacks  it  slowly ;  dilute  sulphuric  acid  and  hydroi-lilvne 
acid,  quickly.  Silica,  glass,  and  porcelain  are  attacked  by  lithium  at  tcnipcnnra 
even  below  200°  C.     (Bunsen.)* 

According  to  Dr.  Mallett,t  the  atomic  weight  of  lithium  is  6*95 ;  and  acecrf- 
ingly  that  of  sodium  is  exactly  the  mean  between  those  of  lithium  and  potafsiom. 
S'iirate  of  Lithia,  —  This  salt  has  a  strong  tendency  to  form  supoisamnted 
solutions.  Above  10°  or  15°  C,  it  crystallizes  in  rhombic  prisms,  rcsemblioi;  ifrje 
of  common  nitre,  but  below  10°  in  rhombohedrons ;  both  kinds  uf  crystlJi  are 
deliquescent.  The  crystals  which  separate  from  the  supersaturated  solution  a:  TO. 
are  slender  needles.     (Kremers.)J 

Phufjihate  of  Lithia.  —  According  to  W.  Mayer,§  the  precipitate  formed  on 
adding  phosphate  of  soda  to  the  solution  of  a  lithia-salt,  is  not  a  double  phospbte 
of  lithia  and  soda,  as  commonly  supposed,  but  a  tribasic  phosphate  of  lithia, 
SLiO.rOs  The  same  precipitate  is  also  produced  when  a  lithia-salt  is  treated 
witli  phosphate  of  potash  or  phosphate  of  ammonia,  mixed  with  free  alkali 

Estimation  of  Lithium. — This  element,  when  separated  from  other  fflccals, 
may  be  estimated  in  the  form  of  sulphate  or  chloride,  in  the  same  maont-r  as 
potassium  or  sodium.  From  potassium  it  is  separated  by  precipitating  the  lan«r 
with  bichloride  of  platinum ;  and  from  sodium,  by  converting  the  two  ho^os  ists 
chlorides,  and  treating  the  dried  chlorides,  in  a  well-closed  bottle,  with  a  mixtare 
of  absolute  alcohol  and  ether,  which,  after  a  few  days,  dissolves  the  whole  of  tL* 
chloride  of  lithium,  and  leaves  the  cliloride  of  sodium  undissolved. 

BARIUM. 

Bunsen  has  obtained  this  metal  by  subjecting  chloride  of  barium,  mixed  apto 
a  paste  with  water  and  a  little  hydrochloric  acid,  at  a  temperature  of  Iw^  C ,  td 
the  action  of  the  electric  current,  using  an  amalgamated  platinum  wire  as  the 
negative  pole.  In  this  manner,  the  metal  is  obtained  as  a  solid,  silver-white, 
highly-crystulline  amalgam,  which,  when  placed  in  a  little  boat  made  of  thitroafUj 
ignited  charcoal,  and  heated  in  a  stream  of  hydrogen,  yields  barium  in  the  form 
of  a  tumefied  mass,  darkly  tarnished  on  the  surface,  but  often  exhibitini;  a  silTcr- 
white  lustre  in  the  cavities. ||  Matthiessen  has  obtained  barium  hy  a  method 
similar  to  that  adopted  for  strontium  (p.  GOO),  but  only  in  the  form  of  a  mcUili^ 
powder. 

Binoxiih'  or  PcroxiJe  of  Barium.  —  A  solution  of  this  oxide  in  dilate  hjdro- 
chloric  acid  acts  as  a  reducing  agent  on  various  metallic  oxides,  a  portion  of  iti 
oxygen  uniting,  at  the  moment  of  separation,  with  the  oxygen  of  the  other  ucullk 

*  .\nii.  Ch.  Pharrn.  xcir.  107;  Chem.  Soo.  Qa.  J.  viiL  143. 

+  Sill.  Ann.  J.  [2].  xxii.  849.  J  Pogg.  Ana.  xrii.  52a 

{  Ann.  Ch.  Pbarm.  xcfiii.  IDS.  f  Pogg.  Ana.  zci.  Cltf. 
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oxide  (p.  689).  When  peroxide  of  barium  is  introduced  into  a  solution  of  bi- 
chromate of  potash  acidulated  with  liydrochloric  acid,  oxygen  is  abundantly  evolved 
(its  evolution  being,  however,  preceded,  in  the  case  of  cold  dilute  solutions,  by  the 
formation  of  a  blue  compound,  first  observed  by  Barrcswil,  and  supposed  by  him 
to  bo  a  perchromic  acid,  CraO,) ;  and  according  to  Bcodie's  experiments,  the  re- 
action, when  a  great  excess  of  bichromate  of  potash  is  present^  takes  place  as 
shown  by  the  equation  — 

2CrO,  +  4BaO,  =  GrA  +  70  +  4BaO, 

the  chromic  acid  being  reduced  to  sesquioxide  of  chromium.  The  quantity  of 
oxygen  evolved  affords  the  means  of  calculating  the  per  centage  of  real  BaOj  in 
the  sample  used.  Oxide,  chloride,  sulphate,  or  carbonate  of  silver  introduced  into 
an  acid  solution  of  a  peroxide  of  barium,  is  partly  reduced  to  metallic  silver,  the 
quantity  of  metal  thus  reduced  being,  however,  always  less  than  that  which  is 
equivalent  to  the  oxygen  which  exists  in  the  peroxide  together  with  baryta. 
The  quantity  reduced  increases  with  the  amount  of  the  silver  compound  usedy 
and  diminishes  as  the  temperature  is  higher.  A  small  quantity  of  the  silver- 
compound,  or  of  any  similar  substance,  is  capable  of  decomposing  a  large  quantity 
of  the  peroxide.  Iodine,  on  the  other  hand,  decomposes  only  an  equivalent 
quantity,  according  to  the  equation  —  . 

BaOg  +  I  =  Bal  +  O2  (Brodie*). 

[For  the  separation  of  oxygen  from  the  air  by  first  converting  baryta  into  the 
peroxide,  and  then  decomposing  the  latter,  see  p.  759.] 

Peroxide  of  barium,  heated  over  a  large  spirit-lamp  in  a  rapid  current  of  car- 
bonic acid  gas  becomes  white-hot,  and  at  the  same  time  small  white  flames  burst 
out  from  its  surface,  probably  arising  from  the  evolution  of  oxygen  from  the  still 
undecomposed  peroxide.  A  similar,  but  much  more  brilliant  appearance  is  pre- 
sented when  the  peroxide  is  heated  in  sulphurous  acid  gas.     (AVohlerf). 

Carbonate  of  Baryta,  mixed  with  carbonate  of  lime  and  charcoal,  and  heated 
to  redness  in  a  stream  of  aqueous  vapour,  is  decomposed,  and  yields  caustio 
baryta.  This  process  is  recommended  by  Jacquelain|  for  the  preparation  of 
caustio  baryta. 

According  to  Boussingault,§  a  solution  of  chloride  of  barium,  mixed  with  the 
native  sesquicarbonate  of  soda  called  Uras,  yields  a  precipitate  of  2BaO .  8CO2. 
Laurent  assigns  to  this  precipitate  the  formula  2BaO .  SCOjj  -f  HO.  H.  Rose,|| 
on  the  other  hand,  finds  that  the  chloride  of  barium  and  bicarbonate  of  soda 
always  yield  a  precipitate  consisting  merely  of  BaO .  CO2,  and  similarly  with  lime. 

Recently-precipitated  sulphate  of  hari/ta,  enclosed,  with  a  solution  of  bicarbo- 
nate of  soda,  or  with  dilute  sulphuric  acid,  in  a  sealed  glass  tube,  and  heated  for 
60  hours  to  250°  C.  (472°  F.),  dissolves  to  a  slight  extent,  and  separates  out  on 
the  sides  of  the  tube  in  microscopic  cr}'stals,  whose  form  agrees  with  that  of 
heavy  spar.  Pure  water,  or  a  solution  of  sulphide  of  sodium,  docs  not  perceptibly 
dissolve  sulphate  of  baryta  under  similar  circumstances.    (Senarmont^). 

Estimation  of  Barium. — Barium  is  almost  always  estimated  in  the  form  of  sul- 
phate, the  precipitation  and  filtration  being  performed  in  the  manner  already 
described  for  the  estimation  of  sulphuric  acid  (p.  784). 

Precipitation  with  a  soluble  sulphate  likewise  serves  to  separate  barium  fr*)m  all 
other  metals  except  strontium,  calcium,  and  lead. 


♦  Phil.  Trans.  1850,  759. 

X  Ann.  Ch.  Phys.  [8],  xxxii.  421. 

y  Pogg.  Ami.  Ixxxvi.  293. 


5  Ann.  Gh.  Pharm.  Ixxviii.  175. 
Ibid.  xxix.  397. 
1[  Ann.  Ch.  Phys.  [8],  xxxU.  129. 
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Barium  is  also  sometimes  estimated  as  carboaate,  being  precipitated  Vr  cirb> 
nato  of  ammonia  with  addition  of  caustic  ammooiay  and  the  liquid  boiled  tomto 
the  precipitation  complete.     The  carbonate  ia  not  decomposed  by  ignitioi. 

STROimUM. 

Preparation. — ^This  metal  is  also  obtained  by  the  electrolysis  of  its  chkriiiii 
the  fused  state.     A  small  crucible,  with  a  porous  cell  in  the  middle,  is  fUki  wsk 
anhydrous  chloride  of  strontium,  mixed  with  a  little  chloride  of  ammoDiui,al 
in  such  a  manner  that  the  level  of  the  fused  chloride  within  the  cell  mayUa«k 
higher  than  in  the  crucible.    The  negative  pole  placed  in  tho  cell  consists  of  ifffj 
fine  iron  wire  wound  round  a  thicker  one,  and  then  covered  with  a  piefe  a 
tobacco-pipe  stem,  so  that  only  Ath  of  an  inch  of  it  appears  below ;  the  pooBil 
pole  is  an  iron  cylinder,  placed  in  the  crucible  round  the  cell.     The  heat  bMI 
DC  regulated  during  tho  experiment,  so  that  a  crust  may  form  in  the  cell ;  tb 
metal  will  then  collect  under  this  crust  without  coming  in  contact  with  the  mim 
of  the  crucible.     In  this  manner,  pieces  of  the  metal  weighing  half  a  gruDBW  nf 
sometimes  obtained. 

Strontium  resembles  calcium  in  colour  (p.  815),  being  only  a  shade  darker:  it 
oxidizes  much  more  quickly  than  that  metal.  Its  specific  gravity  is  2*5118.  Ill 
place  in  the  electrical  series,  with  water  as  the  exciting  liquid,  is  as  follows : 

+  — 

K;    Na,    Li;    Ca,    Sr,    Mg,    &o. 

Strontium  bums  like  calcium,  and  acts  similarly  to  it  when  heated  in  cUoiiBe, 
oxygen,  bromine,  or  iodine,  or  on  boiling  sulphur,  or  when  thrown  on  water  m 
acids.     (Matthiessen*). 

Estimation  of  Strontium,  —  Strontium,  like  barium,  may  be  estimated  io  the 
form  of  sulphate ;  but  as  sulphate  of  strontia  is  slightly  soluble  in  water,  it  ■ 
necessary,  in  order  to  ensure  complete  precipitation,  to  add  alcohol  to  the  Wi^mi^ 
which  may  be  done  if  there  are  no  other  substances  present  which  are  iosoIoUt 
in  alcohol. 

Generally  speaking,  however,  it  is  better  to  precipitate  strontium  in  the  fona 
of  a  carbonate,  by  adding  carbonate  of  ammonia  and  caustic  ammonia,  and  heating 
the  liquid.  The  precipitation  of  strontia  in  this  form  is  more  complete  than  thit 
of  baryta.  The  precipitate  may  be  ignited  on  a  lamp  without  giving  off  carbo&io 
acid.     It  contains  59*27  per  cent,  of  strontium,  and  70*14  of  strontia. 

The  same  mode  of  precipitation  serves  to  separate  strontia  from  the  alkilies. 

Tlie  separation  of  strontia  from  baryta  is  best  effected  by  means  of  hydraflna- 
silicic  acid,  which  precipitates  barium  in  the  form  of  a  crystalline  ulicoflaoxide, 
leaving  the  strontium  in  solution.  The  precipitate  must  be  left  to  settle  down  for 
two  or  three  hours ;  and  its  deposition  may  be  accelerated  by  a  gentle  heat.  It 
may  then  be  collected  on  a  weighed  filter,  washed  with  water,  and  dried  at  100'  C. 
The  filtrate  containing  the  strontium  is  then  mixed  with  sulphuric  acid,  evaponted, 
and  ignited,  whereby  it  is  converted  into  sulphate. 

The  quantities  of  barium  and  strontium  in  a  mixture  may  likewise  be  dctcrminel 
by  an  indirect  method,  viz.  by  weighing  them,  first  in  the  form  of  cLU»ri*i«  or 
carbonates,  and  afterwards  as  sulphates.  Thus,  suppose  them  to  be  fiprt  prvcipi- 
tated  as  carbonates,  the  united  weight  of  which  is  found  to  be  ic,  then  ccuvortcJ 
into  sulphates,  the  weight  of  which  is  tt/.  Then,  to  determine  the  quantitj  J 
baryta,  .r,  and  strontium,  y,  in  the  mixture,  we  have  the  equations 
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an  »      —  •      •••  •  M* 

BaC  SrC  BaS  SrS 

— :-  X  +  —r-  y  =»  w;       — r-  X  +  — :-  =  ttT  ; 

Ba  Sr  Ba  Sr 

98-7  73-7  116-7     .  91-7  , 

^'767^+5T.7^  =  ^'    -767^+5F7^  =  ^- 

A  similar  method  may  be  applied  in  all  cases  in  which  two  substances  in  a  mix- 
tare  can  be  weighed  in  two  distinct  forms.  Such  methods,  however,  give  exact 
results  only  when  the  quantities  of  the  substances  to  be  determined  are  not  very 
vnequaL 

CALCIUM. 

Preparation, — A  mixture  of  2  at.  chloride  of  calcium  and  1  at.  chloride  of 
■trontmm,  with  a  small  quantitv  of  chloride  of  ammonium  (this  mixture  being 
more  fusible  than  chloride  of  calcium  alone),  is  molted  in  a  small  porcelain  cruci- 
ble^ in  which  a  carbon  positive  pole  is  placed,  while  a  thin  harpsichord  wire  wound 
round  a  thicker  one,  and  dipping  only  just  below  the  surface  of  the  melted  salt^ 
forms  the  negative  pole.  The  calcium  is  then  reduced  in  beads,  which  hang  on 
to  the  fine  wire,  and  may  be  separated  by  withdrawing  the  negative  pole  every 
two  or  three  minutes,  together  with  the  small  crust  which  forms  round  it.  A 
■orer  method,  however,  of  obtaining  the  metal,  though  in  very  small  beads,  is  to 
place  a  pointed  wire  so  as  merely  to  touch  the  surface  of  the  liquid ;  the  great 
beat  evolved,  owing  to  the  resistance  of  the  current,  causes  the  reduced  metal  to 
fbse  and  drop  off  from  the  point  of  the  wire,  and  the  bead  is  taken  out  of  the 
liquid  with  a  small  iron  spatula.  Or,  thirdly,  the  disposition  of  the  apparatus 
may  be  the  same  as  that  for  the  reduction  of  strontium  (p.  814). 

Propertiei, — Calcium  is  a  light  yellow  metal,  of  the  colour  of  gold  alloyed  with 
rilver;  on  a  freshly  cut  surface,  the  lustre  somewhat  diminishes  the  yellow  colour^ 
irhich  becomes  more  apparent  when  the  light  is  reflected  several  times  from  two 
surfaces  of  calcium,  or  when  the  surface  is  slightly  oxidized.  It  is  about  as  hard 
as  gold,  very  ductile,  and  may  be  cut,  filed,  or  hammered  out  into  plates  having 
the  thickness  of  the  finest  paper.  Its  specific  gravity  is  1*5778.  In  dry  air  the 
metal  retains  its  colour  and  lustre  for  a  few  days,  but  in  damp  air  the  whole  mass 
is  slowly  oxidized.  Heated  on  platinum-foil  over  a  spirit-lamp,  it  burns  with  a 
Tery  bright  flash.  It  is  not  ([uickly  acted  upon  by  dry  chlorine  at  ordinary  tem- 
peratures ;  but  when  heated,  burns  in  that  gas  with  a  most  brilliant  light ;  also  in 
iodine,  bromine,  oxygen,  sulphur,  &c.  With  phosphorus,  it  combines  without  ig- 
nition, forming  phosphide  of  calcium.  Heated  mercury  dissolves  it  as  a  white 
amalgam.  Calcium  rapidly  decomposes  water,  and  is  still  more  rapidly  acted  on 
by  dilute  nitric,  hydrochloric,  and  sulphuric  acids,  nitric  acid  often  causing  igni- 
tion. Strong  nitric  acid  does  not  act  upon  it  below  the  boiling  heat  In  the  vol- 
taic circuit,  with  water  as  the  liquid  element,  calcium  is  negative  to  potassium 
and  sodium,  but  positive  to  magnesium.  It  is  not,  however,  reduced  by  potassium 
or  sodium  from  its  chloride  by  electrolysis.  On  the  contrary,  a  fused  mixture  of 
CuCl  with  KCl  or  NaCl,  in  certain  proportions,  yields  potassium  or  sodium,  when 
subjected  in  a  certain  manner  to  electric  action  (p.  800) ;  hence  it  appears  that 
ilie  metal  formerly  obtained  by  reducing  chloride  of  "calcium  with  potassium  or 
sodium,  could  not  be  calcium,  but  was,  probably,  a  mixture  of  potassium  or  sodium 
with  aluminium,  silicon,  &c.     (Matthiessen.*) 

Lime.  —  According  to  Wittstcin,f  1  part  by  weight  of  lime  dissolves  in  729  to 
723  pts.  of  water,  at  ordinary  temperatures,  and  in  1310  to  15G9  pts.  of  boiling 
water.  The  carbonate  of  lime  deposited  from  lime-water  on  exposure  to  the  air  is 
really  the  neutral  carbonate,  CaO-COg. 

Marchand  and  Schcerer  find  that  calcspar  begins  to  give  off  carbonic  acid  at 

*  Chem.  Soo.  Qu,  J.  Tiii.  28.  f  R«pert.  Pliarm.  [3],  i  182. 
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200°  C,  but  that  a  certain  quantity  of  that  acid  remains  with  the  lime,  crea  after 

the  most  violent  ignition.* 

Sulphate  of  Lime  dissolves  in  water  containing  Bal-ammoniac  more  tbondaTitly 

than  in  pure  water,  part  of  it  appearing  to  be  decomposed  into  chloride  of  caxinm 

and  sulphate  of  ammonia.     The  presence  of  nitrate  of  potash  likewise  iDcrLssca 

the  solubility  of  gypsum.     (A.  Vogel,  jun.f ) 

Sulphate  of  Lime  and  Potash,  KO.SO3  +  CaO.SO,  +  HO.  —This  salt  is  ob- 

tained  as  an  accessory  product  in  the  manufacture  of  tartaric  acid  from  crean  ii 

tartar.     The  latter  salt  is  converted,  by  treatment  with  carbonate  of  lime,  i&to 

tartrate  of  lime  and  neutral  tartrate  of  potash ;  and  by  the  action  of  snlpbate  of 

lime,  all  the  tartaric  acid  is  obtained  in  combination  with  lime,  together  vith  u 

impure  solution  of  sulphate  of  potash.     This  solution,  when  evaporated,  pt:ld#  1 

hard  deposit,  and  in  slowly  evaporating  large  quantities  of  it,  tran5p3rcDt  Iimi- 

natcd  crystals  are  obtained,  having  the  composition  expressed  by  the  alHjv<r  f»*- 

mula ;  they  are  sparingly  soluble  in  water,  more  easily  in  dilute  hydrochl«no  :::i 

The  non-cr}'staIlinc  deposit  contains  about  65  per  cent,  of  this  double  salt.  t'.«ce» 

ther  with  sulphate,  carbonate,  and  phosphate  of  lime,  carbonate  of  mapTi?!!, 

silicate  of  potash,  oxide  of  iron,  alumina^  water,  and  traces  of  organic  iLsxies 

(J.  A.  Phillips.t) 

Phosphate  of  Lime,  —  According  to  H.  Ludwig,§  the  precipitate  pro«iu«d  by 
ordinary  phosphate  of  soda  in  a  solution  of  chloride  of  calcium  mixed  with  anirro- 
nia,  has,  after  washing  and  drying  in  the  air,  the  composition  SCaCPOs-^oiHt); 
after  keeping  for  two  years  in  a  loosely-stoppered  bottle,  it  is  reduced  to  3C3f».f<\ 
rf  3iH0,  and  of  these  SillO,  2i  go  off  below  100^.  The  precipiute  wis  frw 
from  chlorine,  but  contained  a  trace  of  ammonia. 

According  to  Forchhammer,||  apatite  may  be  artificially  crystallized  by  fu.«:o5 
tribasic  phosphate  of  lime,  or  bone-ash,  with  four  times  its  weight  of  chloride  of 
sodium,  and  leaving  the  fused  mass  to  cool  slowly.  The  mass  when  cold  exhibits 
cavities  containing  numerous  delicate  six-sided  prisms,  having  the  compo«'itioo  of 
apatite. 

Estimation  of  Calcium.  —  This  metal  may  be  estimated  either  as  carbonate  cr 
as  sulphate.  The  best  method  of  precipitating  it  is,  in  most  cases,  by  mean*  of 
oxalate  of  ammonia,  the  oxalate  being  the  least  soluble  of  all  the  salts  of  calcinm. 
If  the  solution  contains  an  excess  of  any  strong  acid,  such  as  nitric  or  bydn)chlo> 
rio  acid,  it  must  be  neutralized  with  ammonia  before  adding  the  oxalate  of  ainni<y 
nia,  because  oxalate  of  lime  is  soluble  in  the  stronger  acids.  The  pnNripiute, 
after  being  washed  with  hot  water  and  dried,  is  heated  over  a  lamp,  care  beiDg 
take  not  to  allow  the  heat  to  rise  above  redness.  It  is  thereby  converted  into  car- 
bonate of  lime,  containing  40*15  p.  c.  of  calcium  and  50*12  of  lime. 

If,  however,  the  solution  contains  any  acid  which  forms  with  lime  a  compaand 
insoluble  in  water,  phosphoric  or  boracic  acid  for  example,  this  method  of  preci- 
pitation cannot  be  adopted ;  because,  on  neutralizing  with  ammonia,  the  lime 
would  be  precipitated  in  combination  with  that  acid,  and  would  not  be  converted 
into  oxalate  on  addition  of  oxalate  of  ammonia.  In  such  a  case,  the  lime  may  bi 
precipitated  as  sulphate  by  adding  pure  dilute  sulphuric  acid  and  alcohol.  Tb« 
sulphate,  when  dried,  contdns  41*25  per  cent  of  lime.  Phosphate  of  lime  may, 
however,  be  precipitated  from  its  acid  solutions  by  oxalate  of  ammonia,  with  ad(&* 
tion  of  acetate  of  ammonia,  because  oxalate  of  lime  is  insoluble  in  acetic  acid, 
which  dissolves  the  phosphate  with  facility. 

From  the  alkalies^  lime  b  easily  separated  either  by  oxalate  of  ammonia,  orlrj 
sulphuric  acid  and  alcohol. 

♦  J.  pr.  Chem.  1.  237.  f  Repert.  Pharm.  [8],  v.  342. 

{Chem.  Soc.  Qu.  J.  iii.  848.  §  Pharm.  Centr.  l&o2,  846. 

Fogg.  Ann.  xcL  588. 


MAGNESIUM.  817 

Lime  is  separated  from  baryta  by  precipitating  both  the  earths  as  carbonateSi 
dissolving  the  carbonates  in  nitric  acid,  evaporating  to  dryness,  and  digesting  the 
residue  in  absolute  alcohol,  which  dissolves  nitrate  of  lime,  but  not  nitrate  of 
baryta.  They  may  also  be  separated  in  this  manner  in  the  form  of  chlorides,  but 
the  separation  is  less  complete,  because  chloride  of  barium  is  not  quite  insoluble 
in  absolute  alcohol. 

From  slronHa,  lime  is  separated  in  the  same  manner,  nitrate  of  strontia  being 
likewise  insoluble  in  absolute  alcohol. 

When  baryta,  strontia,  and  lime  occur  together,  the  bar3rta  is  first  separated  by 
hydro-fluosilicic  acid ;  the  strontia  and  lime  in  the  filtrate  are  then  converted  into 
sulphates;  these  sulphates,  after  being  weighed,  converted  into  carbonates  by 
fdsion  with  carbonate  of  soda,  or  by  boiling  with  the  aqueous  solution  of  that  salt 
(p.  736) ;  the  carbonates  weighed  3  and  the  quantities  of  strontia  and  lime  deter- 
mined from  the  equations : 

91-7      .  68 

73-7      .  50  , 

517^  +  28^  =  ^'' 

in  which  x  is  the  weight  of  strontia,  y  that  of  the  lime,  w  that  of  the  sulphates, 
and  «/  that  of  the  carbonates  of  the  two  bases.  Or  the  carbonates  may  be  dis- 
solved in  nitric  acid,  and  the  nitrates  separated  by  absolute  alcohol. 

MAQNESIUM. 

Bunsen  prepares  this  metal  by  the  electrolysis  of  the  fused  chloride.  A  porce- 
lain crucible  is  divided  in  its  upper  part  into  two  halves  by  a  vertical  diaphragm 
(made  out  of  a  thin  porcelain  crucible-cover),  and  fitted  with  a  cover  (filed  from 
a  tile),  through  which  ^he  extremities  of  the  carbon-poles  of  a  galvanic  battery 
are  introduced  into  the  two  halves  of  the  crucible.  The  crucible  is  then  heated 
to  redness,  together  with  the  cover  and  the  poles )  filled  with  fused  chloride  of 
magnesium  (p.  415) ;  and  subjected  to  the  action  of  a  battery  of  10  zinc-oarbon 
elements.  The  negative  polo  is  cut  like  a  saw,  so  that  the  magnesium,  as  it 
separates,  may  lodge  in  the  cavities,  and  not  float  on  the  surface  of  the  specifically 
heavier  liquid.'*'  According  to  Matthiesscn,*!'  the  metal  may  be  much  more  easily 
obtained  from  a  fused  mixture  of  4  at.  chloride  of  magnesium  and  3  at.  chloride 
of  potassium,  which  is  prepared  with  more  facility  than  the  pure  anhydrous 
chloride  of  magnesium.  The  two  salts  mixed  in  the  proper  proportions];  with  a 
little  chloride  of  ammonium  may  be  fused  and  electrolyzcd  in  Bunsen's  apparatus 
just  described,  the  cutting  of  the  negative  pole  being,  however,  dispensed  with, 
as  the  metal  is  heavier  than  the  fused  mixture.  A  very  simple  and  convenient 
way  of  reducing  the  metal,  especially  for  the  lecture-table,  is  to  fuse  the  mixture 
in  a  common  clay  tobacco-pipe  over  an  argand  spirit-lamp  or  gas-burner,  the 
negative  pole  being  an  iron  wire  passed  up  the  pipe-stem,  and  the  positive  a  piece 
of  gas-coke,  just  touching  the  surface  of  the  fused  chlorides.     (Matthiessen.) 

Magnesium  may,  however,  be  obtained  in  much  larger  quantity,  by  heating  a 
mixture  of  600  grammes  of  chloride  of  magnesium,  100  grms.  fused  chloride  of 
sodium,  and  100  grms.  of  pulverized  fluoride  of  calcium,  with  100  grms.  of 
sodium,  to  bright  redness,  in  a  covered  earthen  cruoible.  The  magnesium  is 
thereby  obtained  in  globules,  which  are  afterwards  heated  nearly  to  whiteness  in 
a  boat  of  compact  charcoal,  placed  within  an  inclined  tube  of  the  same  material, 
through  which  a  stream  of  dry  hydrogen  is  passed.     The  magnesium  then  vola. 

♦  Ann.  Ch.  Plianii.  82,  187.  fCbem.  Soo.  Qn.  J.  viii.  107. 

X  The  solution  of  the  chloride  of  magncsiam  may  be  eyaporated  almost  to  dryness,  and 
snalyied  to  find  the  proportion  of  anhydrous  salt  present 
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tilizcs  and  condenses  in  tlie  npper  part  of  the  tabe.  Lastly,  it  is  rcmelted  vith  % 
flux  composed  of  chloride  of  magnesiam,  chloride  of  sodium,  and  flooride  of  ol- 
cium,  and  is  thus  obtained  in  large  globules.     (H.  Deville  and  Caron.)* 

Magnesium  on  the  recently-fractured  sur&ce  is  sometimes  slightly  crystaUlM 
and  coarsely  laminated ;  sometimes  fine-grained.     In  the  former  oases  it  is  flilTcr- 
white  and  shining ;  in  the  litter,  bluish  erey  and  dull.     Its  specific  eraTitj  is 
1*7430  at  -f  5^  C.  (Bunsen)  :  1*75,  according  to  Deville  and  Caron.     It  is  liUnit 
as  hard  as  calcspar,  and  may  be  easily  filed,  bored,  sawn,  and  flatt^^ned  to  a  ccztsia 
extent,  but  is  scarcely  more  ductile  than  zinc  at  ordinary  temperatores.     It  rnela 
at  a  moderate  red  heat  (Bunsen) ;  melts  and  volatilizes  at  about  the  same  tempe- 
rature as  zinc  ^Deville  and  Caron).     It  does  not  alter  in  a  dry  atmosphere,  bat  in 
damp  air  soon  oecomes  covered  with  a  film  of  hydrate  of  magnesia.     Heated  to 
redness  in  the  air,  or  in  oxygen  gas,  it  bums  with  a  dazzling  white  light,  and 
forms  magnesia.   It  decomposes  pure  cold  water  but  slowly,  acidulated  water  rexy 
quickly;  when  thrown  on  aqueous  hydrochloric  acid,  it  takes  fire  momcntuih; 
strong  sulphuric  acid  dissolves  it  but  slowly ;  a  mixture  of  sulphuric  acid  and 
fuming  nitric  acid  does  not  act  upon  it  at  onlinary  temperatures.     It  bums  wbea 
heated  in  chlorine  gas;  also  in  bromine-vapour,  though  with  less  &cilitj;  in 
sulphur  and  iodine-vapour  very  brilliantly  (Bunsen). 

Estimation  of  Magnesium.  —When  magnesia  occurs  in  a  solution  not  coDtaia- 
ing  any  other  fixed  substance,  its  quantity  may  be  determined  by  cvaporatiDg  to 
dryness,  igniting  the  residue,  then  moistening  it  with  sulphuric  acid  sligbtlT 
diluted  with  water,  and  expelling  the  excess  of  that  acid  at  a  low  red  heat ;  sul- 
phate of  magnesia  then  remains,  containing  33-7  per  cent  of  magnesia. 

If  the  solution  contains  other  fixed  substances,  the  magnesia  most  be  precipi- 
tated by  the  addition  of  ammonia  in  excess  and  phosphate  of  soda.  The  precipi- 
tated ammonio-magnesian  phosphate  is  then  treated  in  the  manner  described  at  p. 
700.  The  pyrophasphate  of  magnesia  obtained  by  igniting  it  contains  3G*S3  per 
cent,  of  magnesia. 

From  baryta  and  strontiaj  magnesia  is  separated  by  sulphuric  acid ;  from  Kme, 
by  oxalate  of  ammonia,  with  addition  of  chloride  of  ammonium  to  preveot  tbe 
precipitation  of  the  magnesia. 

From  the  alkalies,  magnesia  may  be  separated  by  converting  the  bases  uM 
sulphates,  and  adding  baryta- water.  The  magnesia  is  then  precipitated  in  the 
form  of  hydrate,  together  with  sulphate  of  bi^yta.  The  precipitate,  after  wash- 
ing, is  digested  with  dilute  sulphuric  acid,  which  extracts  the  maenesia  in  tho 
form  of  sulphate ;  and  the  filtrate  containing  the  alkalies,  toother  with  the  excess 
of  baryta,  is  also  treated  with  sulphuric  acid^  which  precipitates  the  baiyta,  and 
converts  the  alkalies  into  sulphates. 

ALUMINIUM,   OR  ALUMINUM. 

Preparation.  —  This  metal  is  now  obtained  in  considerable  quantity  by  decom- 
posing the  chloride  or  fluoride  with  sodium.  The  chloride  of  aluminium  is  pre* 
pared  on  the  large  scale  by  passing  chlorine  over  a  previously  ignited  mixture  of 
clay  and  coal-tar  in  retorts  like  those  used  in  the  preparation  of  coal-gas,  and  is 
either  made  to  pass  into  a  chamber  lined  with  plates  of  earthenware,  where  it  oos- 
denses  into  a  compact  crystalline  mass ;  or  the  vapour  is  made  to  pass  Mver  chL>- 
rido  of  sodium  at  a  red  heat,  whereby  it  b  converted  into  the  double  chloride  of 
aluminium  and  sodium.  To  effect  the  reduction,  400  pts.  of  this  doubic  salt, 
200  pts.  of  chloride  of  sodium,  200  pts.  of  fluor-spar  (or  better,  of  cryolite  >,  all 
perfectly  dry  and  finely  pounded,  are  mixed  together,  and  the  mixture  placed, 
together  with  75  or  80  parts  of  sodium,  in  an  carthern  crucible,  the  saline  mixtun 

«  Ann.  Ch.  Pharm.  d.  859. 
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and  the  sodium  being  deposited  in  alternate  layers.  The  crucible  is  then  mode* 
rately  heated  till  the  action  begins,  afterwards  to  redness,  the  melted  mass  stirred 
with  an  earthenware  rod,  and  afterwards  poured  out.  Twenty  parts  of  aluminium 
are  thus  obtained  in  a  compact  lump,  and  about  5  parts  in  globules  encrusted  with 
a  grey  mass.     (H.  Ste-Claire  Deville.)* 

Aluminium  may  also  be  prepared  in  a  similar  manner  from  cryolite,  the  native . 
fluoride  of  aluminium  and  sodium,  which  is  now  imported  in  large  quantities  from 
Grrecnland.  (H.  Kose.)f  Instead  of  this  natural  mineral,  an  artificial  cryolite 
may  be  used,  prepared  by  mixing  1  part  of  burnt  clay  with  3  parts,  or  rather 
more,  of  anhydrous  carbonate  of  soda^  supersaturating  the  mixture  with  hydro- 
fluoric  acid,  then  drying  and  fusing  it  at  a  red  heat.  A  fluoride  of  aluminium 
and  potassium  possessing  analogous  properties  may  be  prepared  by  a  similar  pro- 
cess.    (Deville.)J 

Aluminium  may  likewise  be  obtained  by  the  electrolysis  of  the  double  chloride 
of  aluminium  and  sodium,  the  process  being  similar  to  that  adopted  by  BunseQ 
for  the  electrolysis  of  chloride  of  magnesium.     (Deville,  Bunsen.) 

Pure  aluminium  is  a  white  metal,  with  a  faint  bluish  iridescence ;  when  recently 
fused,  it  is  soft  like  pure  silver,  and  has  a  density  of  2.56;  but  after  hammering 
or  rolling,  it  is  as  hard  as  iron,  and  has  a  density  of  2.67.  A  bar  of  it  is  very 
sonorous.  It  conducts  electricity  eight  times  as  well  as  iron,  and  is  slightly  mag- 
netic. Its  melting  point  is  between  those  of  zinc  and  silver:  when  solidified 
irom  fusion,  or  reduced  by  electrolysis,  it  exhibits  crystalline  forms,  apparently 
regular  octohedrons.  It  does  not  oxidize  in  the  air,  even  at  a  strong  red  heat; 
neither  does  it  decompose  water,  excepting  at  the  strongest  red  heat, — and  even 
then  but  slowly.  It  does  not  dissolve  in  nitric  acid,  either  dilute  or  concentrated, 
at  ordinary  temperatures,  and  but  very  slowly  in  boiling  nitric  acid ;  dilute  sul- 
phuric acid  scarcely  attacks  it  at  ordinary  temperatures,  even  after  a  long  time ; 
out  hydrochloric  acid,  at  aiw  degree  of  concentration,  dissolves  it  readily,  even  at 
low  temperatures,  with  evolution  of  hydrogen.  It  is  not  attacked  by  hydrosul- 
phuric  acid,  or  by  the  fused  hydrates  of  the  alkalies.  It  does  not  combine  with 
mercury,  and  when  fused  with  lead,  takes  up  only  traces  of  that  metal.  With 
copper  it  unites  in  various  proportions,  forming  light,  very  hard,  white  alloys,  and 
it  combines  also  with  silver  and  iron.     (Deville.) 

Alumina.  —  The  specific  gravity  of  alumina  ignited  over  a  spirit-lamp  is  from 
3.87  to  3.90;  aft^r  6  hours'  ignition  in  an  air-furnace,  3.75  to  3.725;  and  after 
ignition  in  a  porcelain  furnace,  3.999,  which  agrees  very  nearly  with  that  of 
naturally  crystallized  alumina  as  it  occurs  in  the  ruby,  sapphire,  and  corundum. 
(H.  Rose.§) 

Bihydrate  of  Alumina,  soluble  in  watery  AI2O3  +  2H0.  When  a  dilute  solu- 
tion of  biacetate  of  alumina  (see  page  820),  is  exposed  to  heat  for  several  days, 
the  whole  of  the  acetic  acid  appears  to  become  free,  and  the  alumina  passes  into 
an  allotropio  state  in  which  it  is  soluhle  in  water,  and  is  no  longer  capable  of 
acting  as  a  mordant,  or  of  entering  into  any  definite  combination.  This  allotropio 
alumina  retains  2  at.  water  when  dried  at  100°  C.  Its  solution  is  coagulated  oy 
mineral  acids  and  by  most  vegetable  acids,  by  alkalies,  by  a  great  number  of 
neutral  salts,  and  by  decoctions  of  dye-woods.  It  is  insoluble  in  the  stronger 
acids,  but  soluble  in  acetic  acid,  unless  it  has  been  previously  coagulated  in  the 
manner  just  mentioned.  Boiling  potash  changes  it  into  the  ordinary  tcrhydrate. 
Its  coatrulum  with  dye-woods  has  the  colour  of  the  infusion,  but  is  translucent, 
and  entirely  different  from  the  dense  opaque  cakes  which  ordinary  alumina  forms 
with  the  same  colouring  matters.     (Walter  Crura. ||) 


♦Ann.  Ch.  Phys.  [3],  xlvi.  415;  see  also  Compt.  rend,  xxxyiii.  279;  xl.  1208. 
t  Pogg.  Ann.  xcTi.  152.  J  Ann.  Ch.  Phys.  m,  xlix.  83. 

§  Pogg.  Ann.  Ixxiv.  430.  ||  Chcm.  Soc.  Qu.  J.  rii.  225.   * 
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According  to  Phillips,*  hydrate  of  alumina  when  kept  after  prccipitadot  ia  i 
moist  atmosphere,  or  under  water,  becomes  after  a  few  days  difficult  to  diaoin  ia 
acids. 

Alum ^By  fusing  ignited  alumina  with  four  times  its  weight  of  bisulpbake  of 

potash,  a  mass  is  obtained,  which  when  treated  with  warm  water,  leaves  an  ii^ 
soluble  residue,  consisting  of  thin  microscopic  six-sided  tables,  which  refnct  li^ 
*  singly.     They  contain  23  per  cent,  potash,  30.7  sulphuric  acid,  and  46.3  alumaii 
and  appear  to  consist  of  crystallized  anhydrous  alum.     (Salm-Horstmar.f) 

Nitrate  of  Alumina.  —  According  to  Ordway,J  a  concentrated  and  aom^whn 
acid  solution  of  alumina  in  nitric  acid,  deposits  colourless,  flattened,  Mh\vtt 
rhombic  prisms,  containing  AUOs.  3NOs  +  IBHO.  These  crystals  melt  at  72.S' 
C.  iDto%  colourless  liquid  which  solidifies  in  the  crystalline  form  on  cooling;  diej 
are  deliquescent,  and  dissolve  in  water  and  in  nitric  acid.  Half  an  ounce  of  th« 
pulverized  crystals  mixed  with  an  equal  weight  of  bicarbonate  of  ammonia,  lowered 
the  temperature  from  10.5^  to  — 23.3°  C.  By  the  action  of  this  salt  upon  hjdnti 
of  alumina,  basic  salts  appear  to  be  formed.  Salm-Horstmar,§  by  evaporatiaf 
and  cooling  a  solution  of  hydrate  of  alumina  in  nitric  acid  of  26.3  per  cent,  likfr> 
wise  obtained  a  salt  which  crystallized  in  rhombic  prisms  and  (bj  truncadoo)  ii 
hexagonal  tables ;  but  after  repeated  solution  in  water,  it  no  longer  erystdfisel 
distinctly ;  and  its  aqueous  solution  was  decomposed  by  evaporation  at  a  somewbit 
elevated  temperature. 

Acetates  of  Alumina,  —  By  decomposing  tersulphate  of  alumina  (p.  421),  with 
neutral  acetate  of  lead,  a  solution  is  formed,  consisting  apparently  of  a  mixture  uf 
biacetate  of  alumina  with  1  at.  free  acetic  acid. 

When  this  aluminous  solution  is  evaporated  at  a  low  temperature  and  with  sd- 
ficient  rapidity, — as  by  spreading  the  concentrated  solution  very  thinly  over  sheea 
of  glass  or  porcelain,  exposing  it  to  a  temperature  not  exceeding  100°  F.,  and,  at 
it  runs  together  in  drops,  rubbing  it  constantly  with  aplatinum  or  silver  spatala, 
—  a  dry  substance  is  obtained  which  may  be  redissolved  easily  and  entirely  by 
water.  This  is  the  biacetate  of  alumina,  AlgO^ .  2C4H30s  +  4H0 :  the  alamiua 
contained  in  it  retains  all  its  usual  properties. 

When  the  first  aluminous  solution,  containing  not  less  than  4  or  5  per  cent  of 
alumina,  is  left  for  some  days  in  the  cold,  a  salt  is  deposited  in  the  form  of  a  whita 
crust,  which  is  an  allotrcpic  biacetate  of  alumina  insoluble  tn  water.  Heat  efecCi 
the  same  change  in  the  aluminous  solution  more  rapidly,  and  the  insoluble  biace- 
tate then  separates  in  the  form  of  a  granular  powder.  At  the  boiling  tcmpcntore, . 
the  liquid  is  thus  deprived,  in  half  an  hour,  of  the  whole  of  its  ammina,  which 
goes  down  with  i  of  the  acetic  acid,  leaving  i  in  the  liquid. 

The  soluble  biacetate  of  alumina  is  decomposed  by  heat,  yielding  the  bihjdnia 
of  alumina  soluble  in  water  already  described  (p.  820).  The  insoluble  biacetitt 
of  alumina,  when  digested  in  a  large  quantity  cdT  water,  is  gradaaUy  changed  into 
the  soluble  biacetate,  part  of  which,  however,  is  decomposed  during  the  procea 
into  acetic  acid  and  the  allotropio  bihydrate  of  alumina. 

The  precipitate  which  is  formed  on  the  application  of  heat  to  a  mix^  solotioa 
of  acetate  of  alumina  and  sulphate  of  potash,  and  which  is  soluble  in  cold  aoetio 
acid,  is  a  bibasio  sulphate  of  dumina,  2Al,0t .  SO,  +  lOHO. 

Common  salt  added  to  a  solution  of  teracetate  of  alumina  forms,  on  the  appfi- 
cation  of  heat,  a  very  finely  divided  white  precipitate,  containing  44-66  per  eent 
alumina,  21-96  acetic  acid,  5-51  hydrochloric  acid,  25-90  water,  and  1-97  ohloridt 
of  sodium.     A  similar  precipitate  is  formed  by  nitrate  of  potash  (Walter  CranLij) 

Estimation  of  Alumina. — Alumina  is  precipitated  from  its  solutions  in  thl 
form  of  hydrate  by  ammonia,  carbonate  of  ammonia,  or  sulphide  of  ammoniam; 


*  GhMB.  Oaz.  ]848»  849.  f  J.  pr.  Chem.  UL  819. 

1  SilL  Am.  J.  [2],  ix.  80. 
I  Chem.  Soo.  Qo.  J.  tU.  217. 


J  SilL  Am.  J.  r2]._ix.  80.  J  J.  pr.  CkmsL  liz.  20a 
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ihe  precipitate  when  ignited  yields  pure  anhydrous  alnmina,  containing  53-26  per 
cent,  of  the  metal. 

Precipitation  with*  ammonia  or  sulphide  of  ammonium  serves  also  to  separate 
alumina  from  the  preceding  bases.     In  thus  separating  it  firom  the  alkaline  earths, 
care  must  be  taken  not  to  expose  the  liquid  to  the  air;  otherwise  carbonic  acid 
will  be  absorbed  by  the  excess  of  ammonia,  and  the  alkaline  earths  precipitated  as^ 
murbonates.     From  baiyta^  alumina  is  most  readily  separated  by  sulphuric  acid. 

OLUCINUM. 

This  metal  and  its  compounds  have  been  minutely  examined  by  Debray.*  The 
metal  may  be  obtained  from  the  chloride  by  reduction  with  sodium.  It  is  a  white 
metal,  whose  density  is  2*1.  It  may  be  forged,  and  rolled  into  sheets  like  gold. 
Its  melting-point  is  below  that  of  silver.  It  may  be  melted  in  the  outer  blowpipe- 
flame,  without  exhibiting  the  phenomenon  of  ignition  presented  by  zinc  and  iron 
under  the  same  circumstances ;  it  cannot  even  be  set  on  fire  in  an  atmosphere  of 
pure  oxygen,  but  in  both  experiments  becomes  covered  with  a  thin  coat  of  oxide, 
which  seems  to  protect  it  from  further  change.  It  does  not  appear  to  combine 
with  sulphur  under  any  circumstances,  but  unites  directly  with  chlorine  and 
iodine  with  the  aid  of  heat.  Silicon  unites  readily  with  glucinum,  forming  a  hard 
brittle  substance  susceptible  of  a  high  polish ;  this  alloy  is  always  formed  when 
glucinum  is  reduced  in  porcelain  vessels.  Glucinum  does  not  decompose  water  at 
a  boiling  heat,  or  even  when  heated  to  whiteness.  Sulphuric  and  hydrochloric 
acid  dissolve  it,  with  evolution  of  hydrogen.  Nitric  acid,  even  when  concentrated^ 
does  not  act  upon  it  at  ordinary  temper&tures,  and  dissolves  it  but  slowly  at  a 
boiling  heat.  Glucinum  is  not  attacked  by  ammonia,  but  dissolves  readily  in 
taustic  potash. 

The  above-mentioned  properties  differ  considerably  from  those  of  the  metal 
which  Wbhler  obtained  by  igniting  chloride  of  glucinum  with  potassium  in  a  pla- 
tinum crucible ;  the  metal  thus  obtained  being  a  grey  powder,  very  refractory  in 
the  fire,  but  combining  with  oxygen,  sulphur,  and  chlorine  much  more  energeti<^ 
cally  than  Debra/s  metal.  The  differences  appear  to  be  due,  partly  to  the  differ- 
ent states  of  aggregation,  and  partly  to  the  contamination  of  Wohler's  metal  with 
platinum  and  potassium.  « 

Glucxna. — Debray  prepares  this  earth  from  the  emerald  of  Limoges  by  the  fol- 
lowing process.  The  mineral,  finely  pounded  (Icvigatiou  with  water  is  quite 
supeiiQuous),  is  fused  with  half  its  weight  of  quicklime  in  an  air-furnace,  and  the 
glass  thus  obtained  is  treated,  first  with  dilute,  and  then  with  strong  nitric  acid, 
till  it  is  reduced  to  a  homogeneous  jelly.  The  product  is  then  evaporated  to  dry- 
ness, and  heated  sufficiently  to  decompose  the  nitrates  of  alumina,  glucina,  and 
iron,  and  a  small  portion  of  the  nitrate  of  lime ;  and  the  residue,  consisting  of 
silica,  alumina,  glucina,  sesquioxide  of  iron,  nitrate  of  lime^  and  a  small  quantity 
of  free  lime,  is  boiled  with  water  containing  sal-ammoniac,  which  dissolved  the* 
nitrate  of  lime  immediately,  and  the  free  lime  after  a  while,  with  evolution  of 
ammonia.  (If  no  ammonia  is  evolved,  the  calcination  has  not  been  carried  far 
enough  and  must  be  repeated.)  The  liquid  is  then  decanted;  the  precipitate^ 
after  thorough  washing,  treated  with  boiling  nitric  acid ;  and  the  resulting  solu- 
tion of  alumina,  glucina,  and  iron  poured  into  a  solution  of  carbonate  of  .ammonia 
mixed  with  free  ammonia.  The  earths  arc  thereby  precipitated  without  evolution 
of  carbonic  acid,  and  the  glucina  redissolves,  after  seven  or  eight  days,  in  the 
excess  of  carbonate  of  ammonia.  As  the  carbonate  of  ammonia  may  also  dissolve 
a  small  quantity  of  iron,  it  should  be  mixed  with  a  little  sulphide  of  ammonium 
to  precipitate  the  iron  completely. .  Lastly,  the  carbonate  of  ammonia  is  distilled 
off,  and  the  carbonate  of  glucina  which  remains  yields  pure  glucina  by  calcination. 

♦  Ann.  Ch.  Phys.  [3],  xliy.  6. 


822  GLTJCINUM. 

Glucina  is  not  hardened  by  heat  like  alominay  but  merelj  rendered  less  sohible 

in  acids.     Ebclmen  bas  obtained  it  in  hexagonal  prisms  bj  exposing  a  solution  ol 

rincina  in  fused  boracio  acid  to  a  powerful  and  long-continmed  heat.     It  max  Iw 

more  easily  obtained  in  microscopic  crystals,  apparently  of  the  same  form,  by 

decomposing  the  sulphate  at  a  high  temperature  in  presence  of  sulphate  of  poaah, 

also  by  calcining  the  double  carbonate  of  glucina  and  ammonia* 

'      Hydrate  of  glucina  dissolves  in  potash  like  alumina,  but  is  rcprecipitated  bj 

boiling  when  the  solution  is  diluted  with  water  to  a  certain  extent.     It  is  li^evl<« 

soluble  in  carbonate  of  potash  or  soda,  sulphurous  acid,  and  bisulphite  of  ammoiiix 

When  precipitated  by  ammonia,  especially  from  the  oxalate  or  acetate,  it  is  cosh 

pletcly  redissolved  by  prolonged  ebullition. 

Glucina  was  regarded  by  Berzelius  as  a  sesquioxide,  Gl^Osy  while  Awdejcw  aad 
others  regard  it  as  a  protoxide,  GIO.  The  latter  formula  appears  preferable,  fixa 
because  it  gives  more  simple  formulas  for  the  salts  of  glucina  than  the  former,  tad 
secondly,  because  glucina,  on  the  whole,  exhibits  a  closer  resemblance  to  koovs 
protoxides,  such  as  magnesia,  than  to  sesquioxides,  such  as  alumina.  The  gmta 
»mplicity  of  the  formula  derived  from  the  formula  GIO,  will  be  seen  from  the 
following  table : 

Neutr.1  sulphate  of  glacto.. {    „  g} Jf  fcfh  ^o^io. 

c  1  1.  >.  ^r.1...:...  .„j^>..i.  /         K0.SO,+  G10.S0,4-8H0 

Sulphate  of  glucina  and  potash |    ^^  g^  KO.S^  +  GI.oVssO,  +  6HO. 

Carbonate  of  glucina  and  ammonia {    ,^  l%f,*^^  +  iGSfo^O^+THO. 

Oxalate  of  glucina  and  potash :  {    ^  ffKo'?:^)  +  ^^^SC^O, 

The  reasons  which  induced  Berzelius  to  regard  glucina  as  a  sesquioxide,  were 
founded  on  the  resemblance  of  glucina  and  alumina  in  the  hydrated  state,  from 
the  volatility  of  the  chlorides,  and  from  the  supposed  capability  of  glacioa  and 
alumina  to  replace  one  another  in  minerals,  as  in  cymophanc  and  in  emerald. 
This  last  point  has  been  completely  settled  by  the  researches  of  Awdejcw  and  of 
Damour,  from  which  it  appears  that  cymophane,  the  native  aluminate  of  gluciai, 
has  always  the  same  composition  (GlO.AlaOs),  from  whatever  locality  it  maj  be 
derived.  With  regard  to  the  hydjates,  it  is  true  that  alumina  and  glucini  are 
precipitated  under  the  same  circumstances;  but  there  the  resembLance  cnd.^ 
Glucina,  when  dried  in  the  air,  absorbs  carbonic  acid  and  forms  a  carbonate,  vhlcli 
alumina  does  not.  The  existence  of  a  definitely  crystallized  carbonate  of  ammooii 
and  glucina  (obtained  by  boiling  a  solution  of  glucina  in  carbonate  of  ammoDia, 
stopping  the  ebullition  as  soon  as  turbidity  appears,  then  filtering,  and  addiag 
alcohol)  constitutes  another  important  difference  between  that  earth  and  alamiaa. 
The  anhydrous  oxides  likewise  difier  essentially.  Glucina  volatilizes,  like  mag- 
nesia, without  melting,  whereas  alumina  fuses  under  the  same  circumstances. 
Glucina  cannot  be  fused  with  lime,  like  alumina,  the  presence  of  another  bcdr, 
such  as  silica  or  alumina,  being  required  to  enable  the  fusion  to  take  place.  In 
this  respect  again  glucina  resembles  magnesia.  The  identity  of  crystalline  font 
which  has  been  observed  between  glucina  and  alumina  is  merely  an  isolated  fitft, 
which  would  be  important  if  the  two  bodies  possessed  similar  chemical  prupertiea, 
but  not  otherwise. 

Chloride  of  glucinum  exhibits  at  first  sight  considerable  resemblance  to  chloride 
of  aluminium,  and  is  prepared  in  a  similar  manner;  but  the  resemblance  docs  dvC 
go  far.  Chloride  of  glucinum  is  less  volatile  than  chloride  of  aluminium :  tku, 
when  a  mixture  of  finely  powdered  emerald  and  charcoal,  made  into  a  pa^te  witk 
oil,  is  calcined  in  a  crucible,  then  powdered,  and  heated  in  a  porcelain  tobt 
through  which  chlorine  gas  is  passed,  chloride  of  glucinum  and  chloride  of 
aluminium  are  formed  together;  but  the  chloride  of  glucinom  passes  over  fixHf 
and  may  be  separately  condensed.     Chloride  of  glocinom  is,  in  hct,  about  tf 
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volaUle  as  chloride  of  zinc.  Chloride  of  alaminiam  unites  with  the  alkaline  chlo- 
rides, forming  compounds  which  may  be  called  spxnelieSf  and  are  represented  by 
the  general  formula  MCI  +  AlgCls ;  but  chloride  of  glucinum  does  not  form  any 
similar  compound. 

It  must;  however,  be  remembered  that  glucina  does  not  exhibit  any  very  close 
analogy  to  the  class  of  protoxides.  It  is  not  isomorphous  with  lime  or  magnesia. 
Cymophane  may  be  represented  by  the  general  formula  of  the  spinelles,  610.  Al^Os ; 
but  the  dissimilarity  of  its  crystalline  form  prevents  it  from  being  included  in  that 
class  of  minerals.  The  emerald  also  differs  completely  in  crystalline  form  from 
the  generality  of  silicates  of  the  same  composition,  whose  general  formula  is 
MO.liOs  +  SVOs.SSiOs.  Neither  is  there  any  greater  analogy  between  the  double 
sulphates,  carbonates,  and  oxalates  of  glucina  and  those  of  lime  or  magnesia.  On 
the  whole,  ghicina  appears  to  be  intermediate  in  its  properties  between  the  prot- 
oxides and  sesquioxides. 

Glucina  is  precipitated  from  its  solutions  for  quantitative  anal^nis  in  the  same 
manner  as  alumina.    From  the  latter  it  is  separated  by  carbonate  "9  ammonia. 
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TABLE  A. 

VOB  COXTEKTIHO  F&ENOH    DIOIXAL  MEASUBSS  AVD  WBIOHTS  UTO  XITGLUB  VXASnU  U» 

WXIQHTf. 


1  Meter 


1  Liter 


=r    1-0036881  EngHflhytrda. 
=    8-2808992      <«        feet. 
=  89-87079  «        inches. 


=    0*2209687  Imperial  galloiifl. 
=    1-7677496        "        pints. 
=r    085817      onbicfeet 
=  CI -02710         «<    inches. 

1  EUogramme  =    0-0196969  cwt 

=    2-20606      lb.  (ftToird.) 
=    2-68098      lb.  (troy.) 

0      1  Gramme       =    16-44242    grains. 

These  ralnra  are  taken  ftom  the  **  Table  of  Constants  "  at  the  end  of  the  Tables  of  LofariUuns  pabUikil  ty 
the  Society  fbr  the  Diffudon  of  Usefol  Knowledice. 
The  Imptfial  Gallon  is  equal  to  277-24  oaUo  Indies,  and  oontalna  10  Umu  aToiidnpols  of  irater  at  iKP  Ikk. 

TABLE  B. 

BASOMITEB  SCAIA  IH  NILUXRBM  AMO  UCHU. 


llm.    In. 

Mm.    In. 

1 
Mm.    In. 

700  =  27-660 

780  =  28-741 

760  =  29-922 

'  701  =  27-699 

781  =  28-780 

761  =  29-962 

702  =  27-689 

782  =  28-820 

762  —  80-001 

708  —  27-678 

788  =  28-869 

768  =  80-040 

704  =  27-717 

784  =  28-899 

764  —  80-080 

706  =  27-756 

786  —  28-988 

765  =  80-119 

706  -  27-796 

786  =  28-977 

766  =  80-169 

707  =  27-886 

787  —  29017 

767  =  #0198 

708  =  27-876 

78»  =  29066 

768  =  80-237 

709  =  27-914 

789  =  29-096 

769  =  80-277 

710  =  27-964 

740  =  29185 

770  =  30S16 

711  =27-993 

741  —  29-174 

771  =  80-865 

712  ==  28032 

742  —  29-214 

772  —  30-805 

718  =  28072 

748  =  29-263 

778  =  80  434 

714  =  28111 

744  =  29-292 

774  =  30-474 

716  =  28-151 

746  =  29-382 

775  =  80  513 

716  =  281 90 

746  =  29-871 

776  =  80-662 

71 7  =  28-229 

747  =  29-411 

777  =  80-592 

718  =  28-269 

748  =  29-460 

778  —  80-031 

719  r=  28-808 

749  =  29-489 

779  =  30-671 

720  =  28-847 

760  —  29-529 

780  =  80-710 

'721  —  28-887 

751  =  29-668 

781  —  30-749   . 

722  =  28-426 

752  —  29-607 

782  —  80-788 

728  =  28-466 

768  —  29-647 

783  =  30-828 

724  —  28-606 

754  T-  29-686 

784  =  80-867 

726  =  28-644 

766  =  29-725 

785  =  80-907 

726  —  28-684 

766  =  29-765 

786  =  80-946 

727  =  28-623 

767  =  29-804 

787  =  80-985 

728  —  28-662 

758  =  29-844 

788  =  81-0*^6 

729  —  28-702 

759  =  29-882 

789  =  81061 

28  inches  =  711*1§7  millimeters. 

29  "     =786-587  " 

80  "     =761-986         «« 

81  "     =787-886  •« 

1  millimeter  =  0  08987079  inch.         |        1  ineh  =  26-89054  mOUmcCm. 
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TABLE  C. 

OOHVIBTINO  DE0BSB8  OF    TUX  CENTIOBADB  TEBSMOMXTIB  IITTO  DBGRBX8  OT   FAHSBll- 

kbit's  80ALB. 


Cent 

100« 
99 
98 
97 
96 
95 
94 
93 
92 
91 
90 
89 
88 

'97 
86 
85 
84 
83 
82 
81 
80 
79 
78 
77 
76 
76 
74 
73 
72 
71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 
69 
68 
67 
66 
65 
64 
53 
62 
61 
60 
49 
48 
47 
46 
46 


••• 
••• 
••• 
••• 


••• 
••• 


Vah. 

1480*> 

146-2 

144-4 

142-6 

140-8 

189-0 

187-2 

135-4 

188-6 

181-8 

1300 

128-2 

126-4 

1240 

122-8 

121-0 

119-2 

117-4 

115  6 

113-8 

1120 

110-2 

108-4 

106-6 

104-8 

103-0 

101-2 

99-4 

97-6 

95-8 

940 

92-2 

90-4 

88-6 

86-8 

85-0 

83-2 

81-4 

79-6 

77-8 

76-0 

74-2 

72-4 

70-6 

68-8 

67  0 

66-2 

63-4 

61-6 

69-8 

680 

66-2 

64-4 

62-6 

60-8 

49-0 


Gent 


Vah. 


44<» 

••• 

—  47-20 

4a 

••• 

46-4 

42 

...  <       48-6 

41 

••• 

41-8 

40 

••• 

400 

89 

..• 

88-2 

88 

..• 

86*4 

87 

..• 

84-6 

86 

.•• 

82-8 

85 

... 

81-0 

84 

..• 

29*2 

83 

... 

27-4 

82 

.•• 

26-6 

81 

... 

23-8 

80 

... 

22-0 

29 

..• 

20-2 

28 

••• 

18-4 

27 

..• 

16-6 

26 

..• 

148 

25 

•»• 

180 

24 

••• 

11-2 

28 

... 

9-4 

22 

••• 

7-6 

21 

... 

6-8 

20 

•.• 

40 

19 

••* 

2-2 

18 

... 

0-4 

17 

..• 

+     1-4 

16 

.*• 

8-2 

16 

•.• 

60 

14 

••• 

6-8 

18 

..• 

8-6 

12 

.•• 

10-4 

11 

••* 

12»2 

10 

..« 

14-0 

9 

•#• 

15-8 

8 

••• 

17-6 

7 

••• 

19-4 

6 

..• 

21-2 

5 

*•• 

28  0 

4 

••• 

24-8 

8 

••• 

26-6 

2 

••• 

28-4 

1 

••• 

80-2 

0 

••• 

820 

•  1 

••• 

88-8 

2 

••• 

86*6 

8 

.*** 

67-4 

4 

••• 

89-2 

5 

••• 

410 

6 

.•• 

42-8 

7 

••• 

,    44-6 

8 

•«• 

46-4 

9 

•••• 

48-2 

10 

•••■ 

600 

11 

••• 

61*8 

Gent 

Fah. 

+  120 

..• 

+  63-6« 

18 

.*• 

65-4 

14 

.*• 

67-2 

15 

..• 

69-0 

16 

..• 

60-8 

17 

•  •a 

62-6 

18 

••• 

64-4 

19 

..• 

•    66-2 

20 

..« 

68-0 

21 

•  •• 

69.8 

22 

•  •• 

71-6 

28 

... 

73-4 

24 

.*• 

75-2 

25 

»•* 

770 

26 

..• 

78-8 

27 

•  *• 

80-6 

28 

..• 

82-4 

29 

•  •• 

84-2 

80 

•  •• 

860 

81 

•  — 

87-8 

82 

»  — 

89-6 

83 

..• 

91-4 

84 

..a 

93-2 

85 

•  a* 

95-0 

86 

•  aa 

96-8 

87 

.a* 

98-6 

88 

.aa 

100-4 

89 

aa« 

102.1 

40 

.a* 

104-0 

41 

aa« 

105-8 

42 

aa« 

107-6 

43 

•  a* 

109-4 

44 

•— 

111-2 

45 

•  •* 

118-6 

46 

..a 

114-8 

47- 

a. a 

116-6 

48 

aaa 

118-4 

49 

»•• 

120.2 

50 

a. a 

122-0 

61 

•  •• 

123-8 

62 

a. a 

125-6  ' 

63 

aaa 

127-4 

64 

aaa 

129-2 

65 

aaa 

181-0 

66 

aaa 

182-8 

67 

a. a 

184-6 

68 

aaa 

186-4 

69 

aa* 

188-2 

60 

••• 

140-0 

61 

•aa 

141-8 

62 

mmu 

148-6 

68 

aaa 

145.4 

64 

•M 

147-2 

65 

a«« 

149-0 

66 

— 

160-8 

67 

•  •• 

162-6 

826 


TABI.E   C (continued.) 


Cut. 


+  68° 

••• 

69 

••• 

70 

••• 

71 

••• 

72 

••• 

73 

••• 

74 

••• 

75 

••• 

76 

••• 

77 

••• 

78 

••• 

79 

••• 

80 

••• 

81 

••• 

82 

••• 

88 

••• 

84 

••• 

85 

••• 

86 

••• 

87 

••• 

88 

••• 

89 

••• 

90 

••• 

91 

••• 

92 

••• 

98 

••• 

94 

••• 

95 

••• 

96 

••• 

97 

••• 

98 

••• 

99 

••• 

100 

••• 

101 

••• 

102 

•■• 

108 

••• 

104 

••• 

105 

••• 

106 

••• 

107 

••• 

108 

••• 

109 

••• 

110 

••• 

111 

••• 

112 

••• 

118 

••• 

114 

••• 

115 

••• 

116 

••• 

117 

••• 

118 

••• 

119 

••• 

120 

••• 

121 

••• 

122 

••• 

128 

••• 

124 

••• 

125 

••• 

126 

••• 

127 

••• 

128 

••• 

129 

••• 

Fah. 

+  154-4<» 

156*2 

158  0 

159*8 

161-6 

163-4 

165-2 

167-0 

168-8 

170-6 

172-4 

174-2 

176-0 

177-8 

179-6 

181-4 

183-2 

185-0 

186-8 

188-6 

190-4 

192-2 

1940 

195-8 

197-6 

190-4 

201-2 

208-0 

204-8 

206-6 

208-4 

2l0-2 

212-0 

218-8 

215-6 

217-4 

219-2 

221-0 

222-8 

224-6 

226-4 

228-2 

*  280-0 
231-8 
233-6 
235-4 
287-2 
289-0 
240  8 
242-6 
244-4 
246-2 
248 -O 

249-8 
251-6 

253-4 

255-2 

267-0 

258-8 

260-6 

262-4 

264-2 


Oe&t. 

180«» 

131 

182 

183 

184 

185 

186 

187 

188 

189 

140 

141 

142 

148 


Tali. 


••• 


145 
146 
147 


••• 


••• 


149 

160 

161 

162 

168 

164 

166 

166 

167 

168 

169 

160 

161 

162 

163 

164 

166 

166 

167 

168 

169 

170 

171 

172 

178 

174 

176 

176 

177 

178 

179 

180 

181 

182 

188 


••• 


••• 


••• 


••• 


••• 


••* 


••• 


••• 


••• 


••• 


••• 


••• 


••• 


••• 


185 
186 
187 


••• 


••• 


IStf 
19X 


20(>-0«* 
267-8 
260-6 
271-4 
273-2 
2750 
276-8 
278-6 
<e80.4 
282-2 
284-0 
285-8 
287-6 
280-4 
291-2 
293-0 
294-8 
296-6 
298-4 
800-2 
802-0 
803-8 
805-6 
807-4 
809-2 
81 10 
812-8 
814-6 
816-4 
818-2 
820-0 
821-8 
823-6 
825-4 
827-2 
829  0 
830-8 
332-6 
834-4 
836-2 
838-0 
339-8 
841-6 
343-4 
845-2 
847  0 
348-8 
850-6 
352-4 
854-2 
356-0 
357-8 
859-6 
861-4 
363-2 
865-0 
366-8 
368-Q 
870-4 
872-2 
«74-0 
«76-8 


Cwt 


T«L 


owl.-* 


t^-% 


.•• 


•  •« 


•  •» 


••• 


••• 


••• 


•  •" 


?AUM]6'S    HYDROMETER. 
TABLE   C— (continued,) 


827 


Cent 

Fah. 

Cent 

7ah. 

Cent 

Fah. 

+  2540 

••• 

+  489-20 

+  2860 

••• 

+  646-80 

+  8I80 

••• 

+  6O4-40 

266 

■•■ 

491-0 

287 

••• 

648-6 

819 

••• 

606-2 

266 

••• 

492-8 

288 

••• 

660-4 

820 

••• 

608-0 

257 

••• 

494-6 

289 

••• 

562-2 

821 

••• 

609-8 

268 

••• 

496-4 

290 

••• 

6640 

822 

••• 

611-6 

269 

••• 

498  2 

291 

••• 

566-8 

828 

••• 

613-4 

260 

••« 

6000 

292 

•*• 

667-6 

324 

••• 

616-2 

261 

••• 

501-8 

298 

••• 

669-4 

826 

••• 

617-0 

262 

••• 

603-6 

294 

••• 

661-2 

826 

••• 

618-8 

263 

••• 

605-4 

296 

••• 

5630 

327 

••• 

620-6 

264 

••• 

607-2 

296 

••• 

564-8 

828 

••• 

622-4 

.265 

••• 

6090 

297 

••• 

566-6 

829 

••• 

624-2 

266 

••• 

610-8 

298 

•■• 

568-4 

830 

••• 

626-0 

267 

••• 

6126 

299 

••• 

570-2 

881 

••• 

627-8 

268 

•■• 

614-4 

800 

••• 

5720 

882 

••• 

629-6 

269 

••« 

616-2 

801 

••• 

578-8 

888 

••• 

681-4 

270 

••• 

6180 

802 

••• 

576-6 

884 

••• 

633-2 

271 

••• 

619-8 

808 

••• 

577-4 

836 

••• 

6860 

272 

••• 

621-6 

804 

••• 

579-2 

886 

••• 

686-8 

278 

••• 

623-4 

805 

••• 

5810 

887 

••• 

688-6 

274 

••• 

626-2 

806 

••• 

582-8 

888 

••• 

640-4 

276 

••• 

627-0 

807 

••• 

584-6 

889 

••• 

642-2 

276 

••• 

628-8 

808 

••• 

586-4 

840 

••• 

6440 

277 

••• 

680-6 

809 

••• 

588-2 

841 

••• 

646-8 

278 

••• 

682-4 

810 

••• 

590-0 

842 

••• 

647-6 

279 

••• 

634-2 

811 

••• 

591-8 

848 

••• 

649-4 

280 

••• 

6360 

812 

••• 

598-6 

844 

••• 

661-2 

281 

••• 

637-8 

818 

••• 

596-4 

846 

••• 

6680 

282 

••• 

689-6 

814 

••• 

597-2 

846 

••• 

654-8 

283 

••• 

641-4 

816 

••• 

5990 

847 

• 
••• 

666-6 

284 

••• 

648-2 

816 

••• 

600-8 

848 

••• 

668*4 

286 

••■ 

646-0 

817 

••• 

602-6 

849 

••• 

660*2 

TABLE  D. 

COMPABI8ON  OT  THE  DEQBISS  OF  BAVM^'S  HTDBOMXTIS  WITH  THE  BEAL  8PE0IFI0  0BATITIS8. 

1.  For  Liquids  heavier  than  Water, 


Degrees. 

Spcdflo  OnTitj. 

Degrees. 

Specific  Grarity. 

D^rees. 

SpedfloGrsTitj. 

Degrees. 

Spedflo  Grarity. 

0 

1-000 

20 

1162 

89 

1-845 

68 

1-617 

1 

1-007 

21 

1-160 

40 

1-967 

69 

1-684 

2 

1018 

22 

1-169 

41 

1-869 

60 

1-662 

8 

1020 

23 

1-178 

42 

1-881 

61 

1-670 

4 

1027 

24 

1-188 

48 

1-896 

62 

1-689 

6 

1-034 

26 

1-197 

44 

1-407 

68 

1-708 

6 

1-041 

26 

1-206 

46 

1-420 

64 

1-727 

7 

,      1-048 

27 

1-216 

46 

1-434 

66 

1-747 

8 

1066 

28 

1-225 

47 

1-448 

66 

1-767 

9 

1.068 

29 

1-236 

48 

1-462 

67 

1-788 

10 

1.070 

80 

1-246 

49 

1-476 

68 

1-809 

11 

1-078 

31 

1-266 

60 

1-490 

69 

1-881 

12 

1086 

32 

1-267 

61 

1-495 

70 

1-864 

18 

1094 

88 

1-277 

62 

1-620 

71 

1-877 

14 

1-101 

84 

1-288 

68 

1-685 

72 

1-900 

16 

1109 

86 

1-299 

64 

1-661 

78 

1-924 

16 

1-118 

86 

1-810 

55 

1-667 

74 

1-949 

17 

1126 

87 

1-821 

56 

1-688 

75 

1-974 

18 

1184 

88 

1-883 

57 

1-600 

76 

2000 

19 

1148 

828 


WEIGHT    OF    ALCOHOL. 
TABLE  D.  — (cofUtntcecf.) 
2.  Baumi*t  Hydrometer  for  lAquidi  lighter  than   WaUr, 


r 

Dogreee. 

■ 
Specific  QxttTtty. 

1  Degrees.  SpedtkROnrity.  | 

Degreei. 

SpedfleQrmTitj.' 

Degreea.  8p<d9eCrmfi;}. 

10    1 

1000 

28 

0-918 

86 

0-849 

49     '        0-7^9 

11 

0-993 

1    24 

0-918 

87 

0-844 

50 

0-7^3      I 

12 

0-986 

25 

0-907 

88 

0-839 

51 

O-TSl 

13 

0-980 

26 

0-901 

89 

0-834 

52 

0777 

14 

0-978 

27 

0-896 

40 

0-830 

53 

0-773      ' 

16 

0-967 

28 

0-890 

41 

0-825 

54 

0-7« 

16 

0-960 

29 

0-885 

42 

0-820 

55 

0^7^ 

17 

0-954 

80 

0-880 

43 

0-816 

56 

{yVA     \ 

18 

0-948 

81 

0-874 

44 

0-811 

57 

(y%i 

19 

0-942 

32 

0-869 

45 

0-807 

58 

0^758 

20 

0-936 

38 

0-864 

46 

0-802 

59 

0-749 

21 

0-930 

34 

0-859 

47 

0-798 

60 

0-745 

22 

0-924 

35 

0-854 

48 

0-794 

' 

Baam4^s  hydrometer  li  Tery  eommonly  und  on  the  Oontineiit,  enpacUIlT  fbr  Uquklt  hc«Tfar  than 

In  the  United  Kingdom,  Tweddeli's  hydrometer  is  %  good  deel  used  fbr  oeoM  liqutde.    This  liisliimiei  k  • 

graduated  that  the  real  spedfio  grarity  can  b<>  dednced  by  an  extremely  simple  method  ttom  Um  d^pvv  «f  tie 

hydrometer,  namely,  Xxj  mnltlpiying  the  latter  by  6,  and  adding  1000;  the  snm  ie  the  roetifie  greri^, 

beinglOOO.    TbiiBlO»1NraddeUiDdieateBaipeci&ignTityofl060°,fvl-06;  0()PTv«i^^ 


TABLE  E. 


8H0WIH0  THB  niOPO&TIOH  BT  WBIOHT,  OF  AB80LUTI  OK  RIAL  AXCOROL,  IS  100 

BFIBIT8   or  DirFKSIST  BPSGIFIO  ORATITIXS.       (FOmnft.) 


Of 


8p.6r.  at 
60°  F. 

real  Aloonol. 

8p.  Or.  at 

Percentage  of 
real  AlcohoL 

i  Sp.  Or.  at 

eo«>F. 

real  iUoohd.  ,<    60°  F. 

If 

.PciesBtsft  oi 

1                     ' 

•9991 

0-6 

•9638 

26 

•9160 

61 

-8581 

1       76 

-9981 

1 

•9623 

27 

•9186 

62 

-8667 

fl 

•9965 

2            -9609 

28 

•9118 

63 

•8533 

78 

-9947 

8            -9593 

29 

•9090 

64 

•8508 

7!> 

•9930 

4            -9578 

80 

-9069 

66 

•8483 

60 

-9914 

6            -9560 

81 

•9047 

56 

•8469 

81 

-9898 

6            -9544 

82 

•9025 

67 

-8434 

» 

•9884 

7            -9528 

88 

•9001 

68 

-8408 

8S 

•9869 

8 

•9511 

84 

•8979 

69 

-8382 

84 

•9855 

9 

•9490 

86 

•8966 

60 

•8367 

8» 

•9841 

10 

•9470 

86 

•8982 

61 

•8881 

86 

•9828 

11 

•9462 

87 

•8908 

62 

-8806 

87 

-9816 

12 

•9484 

88 

•8886 

68 

•8279 

S6 

•9802 

18 

•9416 

89 

•8863 

64 

-8264 

89 

-9789 

14 

-9896 

40 

•8840 

66 

-8228 

90 

-9778 

16 

•9876 

41 

-8816 

66 

-8199 

•   91 

•9766 

16 

•9366 

42 

-8793 

67 

-8172 

93 

•9753 

17 

-988^ 

48 

•8769 

68 

-8146 

14 

•9741 

18 

•9814 

44 

-8746 

69 

•8118' 

91 

•9728 

19 

-9292 

46 

•8721 

70 

-8069 

96 

•9716 

20 

-9270 

46 

-8696 

71 

•8061 

96 

•9704 

21 

•9249 

47 

•8672 

72 

•8031 

97 

-9691 

22 

•9228 

48 

-8649 

78 

•8001 

98 

-9678 

23 

•9206 

49 

-8626 

74 

.7969 

99 

-9666 

24 

•9184 

60 

-8603 

76 

•7988 

M 

•9652 

26 

INDEX. 


soLun  Expansion  of  Mercury,  87. 
sorption.  Coefficients  of,  764.    . 

of  Oases  bj  Liquids,  763 

Water,  Heat  eToWed 
in  the,  766. 
etate.  Ferrous,  451. 

Mercurous,  579. 
ttates  of  Alumina,  820. 
Copper,  482. 
Lead,  492. 
Id,  Anhydrous  Sulphuric,  157. 

Antimonio,  542. 

Antimonious,  589. 

Antitartaric,  669. 

Arsenic,  532. 

Arsenious,  580. 

Azophosphoric,  789. 

Azoto-sulphuric,  802. 

Bismuthic,  550. 

Bisul-hjposulphuric,  305. 

Boracic,  288,  774. 

Bromic,  351. 

Carbonic,  270. 

Chloric,  116,  340. 

Chlorocarbosulphurous,  798. 

Chloromethylosulphurous,  798. 

Chloronitric,  344. 

Chloronitrous,  845. 

Chlorochromic,  513. 

Chlorosulphuric,  801,  708,  795. 

Chlorous,  343. 

Chromic,  510. 

Cobaltic,  463. 

Columbic,  572. 

Columbous,  571. 

Deutazophosphorio,  780. 

Ferric,  455. 

Fluoboric,  861. 

Fluosilicic,  362. 

Hydriotic,  855. 

Hydrobromic,  851. 

Hydrochloric,  835. 

Hydroferricyanic,  454. 

Hydroferrocyanic,  448. 

Hydrofluoric,  859. 

Hydrofluoailicio,  862. 

Hydrotelluric,  528. 

Hydrosulphuric,  806,  822. 

Hypochloric,  848. 

Hypochlorons,  888. 

Hypoiodie,  796. 


Acid,  Hypophosphorous,  816. 
Hyposulphuric,  302. 
Hyposulphurous,  107,  808. 
Iodic,  856. 
Manganic,  489. 

Mellitic,  Croconic,  Bhodixonio,  276. 
Metaphosphoric,  824,  786. 
Metastannic,  498. 
Methylosulphurons,  798. 
Molybdic,  522. 
Mouosul-hyposulphuiiCy  805. 
Nitric,  259. 
Nitroprussic,  457. 
Nitrosulphuric,  801. 
Nitrous,  257. 
Osmiamic,  629. 
Osmic,  628. 
Osmious,  628. 
Oxalic,  276. 
Oxamic,  811. 
Penta-iodic,  357. 
Pentathionic,  805. 
Perchloric,  107,  841. 
Perchlorocarbosulphurons,  792. 
Perchromic,  518. 
Periodic,  857. 
Permanganic,  489.  ^ 

Phospbamic,  789. 
Phosphoric,  818. 
Phosphoric,  Amides  of,  787. 
Phosphorous,  815. 
Pyrophosphamic,  790. 
Ilacemic,  670. 
Radicals,  Hydrides  of,  718. 
Ruthenic,  635. 
Selenic,  812. 
Selenious,  312. 
Silicic,  292,  778. 
Stannic,  497. 
Sulphamic,  811. 
Sulphuric,  295. 
Sulphurous,  294. 
Sulphantimonic,  544. 
Tantalic,  567. 

Tantalous,  567.  * 

Thionamio,  811. 
Telluric,  527. 
Tellurous,  526. 
Tetrathionic,  805. 
Titanic,  502. 
Tristtl-hyposulphario,  805. 

(829) 


880 


INDEX. 


Acid,  Trithionic,  805. 
Tangstio,  517. 
Vanadic,  515. 
Aoids,  Action  of  Ammonia  on  Anhydrons, 
718. 
Anbjdrons,  704. 
Aromatic,  701. 
Basicity  of,  700. 
Bibasic,  701. 
CoDJagated,  708. 
Fatty,  Boiling  Points  of,  729. 
Fatty,  Table  of,  701. 
Heat  evolved  in  the  Combination  of, 

with  Water,  756. 
Monobasic,,  701. 
or  Negative  Oxides,  700. 
Oxygen,  156. 
Sulphur,  706. 
Theory  of,  156. 
Tartaric  and  Antitartaric,  669. 
Tribasic  702. 

with  Bases,  Heat  produced  by  Com- 
bination of,  755. 
Affinity,  Chemical,  176,  780. 
of  Solution,  177. 
Order  of,  180. 
Tables  of,  181. 
Air,  Analysis  of,  249. 

Composition  of  dry  Air  by  Volume,  252. 
Air,  Diffusion  of  Vapours  into,  90. 

Extraction  of  Oxygen  from  Atmosphe- 
ric, 769. 
Researches  on  the  Expansion  of,  40. 
Weight  of,  245. 
Alcohol,  Action  of  Sulphuric  Acid  on,  788. 
Alcoholic  Nitrides,  Secondary  and  Tertiary, 
711. 
Sulphides,  706. 
Alcohol-metals,  derived  fh>m  Tjpt  HH,  718. 
Alcohol-radicals,  690,  697. 

Action  of  Ammonia  on  the 
Bromides  and  Iodides  o( 
710. 
Chlorides  of,  707. 
Cyanides  of,  709. 
Hydrides  of,  716. 
Primary  Nitrides  of,  716. 
Alcohols,  Biatomic,  698. 

Boiling  Points  of,  729. 
Classification  of  Primary,  697. 
Secondary,  or  ^^hers,  699. 
Triatomic,  699. 
Aldehyde-radicals,  Hydrides  of,  717. 

Nitrides  of,  712. 
Aldehydes,  699. 
Alkalamides,  716. 
Alkalies,  Estimation  of  in  Silicates,  779. 

Separation  of  Magnesia  firom,  755. 
Alkalimetry,  38G. 

Gay-Lu8sac*s  Method  of,  888. 
Allotaspy,  150. 

Alloys  of  Antimony,  545. 
Bismuth,  552. 
Cadmium,  475. 
Copper,  483. 
Gold,  606.  • 

Lead,  498. 


Alloys  of  Mercury,  589. 
Nickel,  468. 
Silver,  599. 
Tin,  501. 
Zinc.  473. 
Alum,  422,  820. 
Basic,  423. 
Stone,  422. 
Alumina,  419,  819. 

AceUtes  of,  820. 

and  Poush,  Sulphate  of,  W, 

Estimation  and  Separation  at,  SS'Ji 

Hydrates  of,  420,  8J0. 

Nitrate  of,  420,  424. 

Phosphate  of,  424. 

Salts  of,  421. 

SUicates  of,  424. 

SiUcates  of  Lime  and  of,  2«X 

Sulphate  of,  421. 

and  Potash,  AItu^  4!! 
Alundnium,  419. 

Chloride  of,  421. 
Fluoride  of,  421. 
Preparation  of,  419. 
Properties  of,  419. 
Sulphide  of,  421. 
Sulphocyanide  of,  421. 
Amalgam  of  Gold,  606. 
Amalgamation  of  Silver,  592. 

of  the  Zinc  Plate  of  the  Td 
taic  Battery,  191 
Amalgams,  589. 

Amides  of  Phosphoric  Acid,  787. 
Primary,  712. 
Secondary,  714w 
Tertiary,  715. 
Amido-chloride,  Mercuric,  583. 
Amidogen-Acids,  7*03. 
Salts,  715. 
and  Amides,  1G7. 
Ammon-compounds.  811. 
Ammonia,  Action  of,  on  .\nhvdroo9Aeidi»ill 

Acid  Chlorides,  Ut 
Compound  Ethen,  711 
Bichloride  of  Mctesi: 

678. 
the  Bromides  and  lofii 
of   the   Aleohol-nid 
cals,  710. 
and  Qlncina,  Carbonate  ef^  8S1 
Antimoniates  of,  644. 
Aurate  of,  603. 
Chromates  of,  511. 
Estimation  of,  619,  811. 
Molybdate  of,  523. 
Nessler*s  Test  for,  5S6. 
Phosphate  of,  39«3. 
Preparation  of,  264. 
l^poperties  of,  265. 
Salts  of,  166. 
Mhy  is  it  a  Base?  ICO. 
Ammoniacal  Amalgam,  167. 

Compounds  of  TridinM.  *.'2^ 
Compounds  of  PalUi-*iei,fi!1 
Platinum  Salts,  612— 61& 
Salts,  Decomposition  o(  M 
Salts  of  Cobalt,  468. 
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monia-salts,  Anhydrous,  811. 
monia  type,  698-— 710. 
monio-Bichloride  of  Tin,  499. 

Compounds  of  Nickel,  468. 
Nitrate  of  Silver,  534—598. 
Nitrates,  Mercuric,  588. 
Platinic  Compounds,  615. 
Platinous  Compounds,  618. 
Sulphate  of  Copper,  584. 
monium  find  Bismuth,  Terchloride  of,  551. 
Chloride  of,  809. 
Carbonates  of,  809. 
Chloroplatinate  of,  612. 
Nitrate  of,  809. 
.  Oxalates  of,  810. 
Phosphates  of,  810. 
Sulphate  of,  810. 
Sulphides  of,  809. 
mo-platammonium,  Bisalts  of,  616^618. 

Proto-salts    of,    614, 
CI  6. 
phigen,  or  Leucite,  426. 
ylio  Alcohol,  actife  and  inactive,  070. 
dmme,  426. 

dysis  of  Organic  Bodies,  277—771. 
Sea-water,  242. 
Silicates,  779. 

Yolametrio,     Bunsen's    general 
Method  of,  801. 
lydrides,  or  Anhydrous  Acids,  704. 
lydrous  Acids,  Action  of  Ammonia  on,  713. 
Nitric  Acid,  766. 
Sulphuric    Acid,    Formation    of, 

296—750. 
Sulphuric  Acid,  Action  of,  on  the 
Pentachloride  of   Phosphorus, 
709—794. 
Telluric  Acid,  527* 
Tellurous  Acid,  526. 
mal  Charcoal,  269. 
hracite,  267. 

idotes  to  Arsenious  Acid,  536. 
imoniate  of  Antimony,  544. 
imoniates  of  Lead,  544. 

Ammonia,  544. 
Potash,  542. 
imonic  Acid,  542. 
Oxide,  5B9. 

Acid,  Action  of,  on  Pentachloride 
of  Phosphorus,  795. 
imonides,  716. 
imonious  Acid,  539. 
imoniuretted  Hydrogen,  544. 
imony.  Sources  and  Extraction  of,  539. 
Alloys  of,  545. 

and  Arsenic,  Separation  of,  547. 
Potash,  Oxalate  of,  541. 
Tartrate  of,  541. 
Tin,  Separation  of,  547. 
Oxide  of,  539. 
Pentachloride  of,  544. 
Pentasulphide  of,  544. 
Estimation  and  Separation  of,  545. 
Separation  of,  from  Arsenic  and 

Tin,  546. 
Sulphate  of,  541. 
Terchloride  of,  541. 


Antimony,  Terfluoride  of,  541. 
Tersulphide  of,  640. 
Antitartaric  Acid,  669. 
Antithetic,  or  Polar  Formulae,  168. 
Aqueous  Vapour,  Tension  of,  316. 
Argentiferous  Copper,  Liquation  of,  592. 
Aridium,  459. 
Arseniate  of  Cobalt,  462. 

Didymium,  566. 
TJranyl,  557. 
Arsenio  and  Antimony,  Separation  of,  547« 
Hydrogen,  588. 
Acid,  582. 

considered  Tribasio,  170. 
Chlbrides  of,  533. 
Estimation  and  Separation  of,  587. 
Reduction,  Test  for,  585. 
Persulphide  of,  583. 
Separation  of,  from  Antimony  and 

Tin,  546. 
Sources  and  Extraction  of,  580. 
Sulphides  of,  538. 
Testing  for,  584. 
Arsenides,  716. 
Arsenious  Acid,  530. 

Antidotes  of,  586. 
Ash,  Analysis  of  Black,  394. 
Aspartic  Acid,  active  and  inactive,  670. 
Assay  of  Gold,  608. 

Silver,  600. 
Atmosphere,  245,  246. 

Density  of  the,  245. 
Temperature  of  the,  246. 
Atomic  Motion,  738. 

Representation  of  a  double  Decom- 
position, 189. 
Theory,  119. 

Volume,    dependent   upon    rational 
Formula,  727. 
of  Liquids,  720. 

Solids,  171—728. 
and  Specific  Gravity  of  Elements, 

172. 
of  Salts,  173. 
Oxides,  175. 
Weights,  Gerhardt's,  687. 

Relations  between  the,  and 
Volumes  of  Bodies  in  the 
Gaseous  State,  125. 
Atoms  and  Equivalents,  685. 
Specific  Heat  of,  120. 
Table  of  Specific  Heat  of,  121. 
Aurate  of  Potash,  603. 
Auric  Bromide,  605. 
Chloride,  606. 
Iodide,  605. 
Oxide,  602. 

and    Soda,    Hyposulphite    of, 
606. 
Sulphide,  605. 
Aurosulphite  of  Potash,  603. 
Aurous  Chloride,  602. 
Oxide,  602. 

and  Soda,  Hyposulphite  of, 
606. 

Baryta,  606. 
Sulphide,  602. 
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Azophospliorio  Acid,  789. 
Aioto-sidphurie  Acid,  802. 

Barilla,  895. 
Bariam,  403—812. 

Binoxide  of,  404—^12. 
Chloride  of,  405. 
Class  of  Elements,  145. 
Decomposition  of  Peroxide  of^  by 

Aqueous  Vapour,  759. 
Estimation  and  Separation  of,  818. 
Formation  of  Peroxide  of,  759. 
Protoxide  of,  408. 
Baryta  and  Aurous  Oxide,  Hyposulphite  of, 
606. 
Carbonate  of,  40&— 818. 
Chromate  of,  512. 
Estimation  of,  818. 
Hydrate  of,  404. 
Molybdate  of,  524. 
Nitrate  of,  405. 
Sulphate  of,  405. 
Bases  and  Acids,  Heat  dcTeloped  by  Combi- 
nation of,  755. 
Nitrile,  711. 

Proper  or  Metallic  Oxides,  697. 
Basic  Alum,  423. 
Basicity  of  Acids,  700. 
Basyl  Class  of  Compound  Radicals,  155. 
Battery,  Bird's,  220. 

Bunsen's,  220. 
Danieirs,  218. 
GroTc's,  209,  218. 
Beilstein's  Experiments  on  Liquid  Diflfusion, 

745. 
Benzoate,  Ferric,  456. 
Beryl,  or  Emerald,  428. 
Beryllia,  or  Glucina,  428. 
Beryllium,  428. 
Biamides,  Primary,  or  Diamides,  718. 

Tertiary,  715. 
Bi-ammonio-platinic  Compounds,  616,  618. 
Bi-ammooio-platinous  Compounds,  614,  615. 
Bibasic  Phosphate  of  Water,  820. 

Salts,  161« 
Biborate  of  Soda,  897. 
Bicarbonate  of  Potash,  878. 

and  Magnesia,  416. 
Soda,  889. 
Bicarburetted  Hydrogen,  of  Faraday,  286. 

Preparation  of,  286. 
BicMori/1e  of  Bismuth,  550. 
Iridium,  625, 
Lead,  489. 
Osmium,  627. 
Platinum,  611. 

Tin  with  Oxychloride  of  Phos- 
phorus, 500. 
Tin  with  Pentachloride  of  Phos- 
phorus, 499. 
Titanium,  503. 
Tin,  499. 

Tin  and  Potassium,  500. 
Tin  and  Sulphur,  499. 
Bichromate  of  Bismuth,  552. 

Chloride  of  Potassium,  511. 
Potash,  511. 


Bifluoride  of  Titaniom,  508. 
Bihydrosulphate  of  Potash,  874. 
Bimercurammonium,  Chloride  oC  581 

Nitrate  ot  589. 
Binoxide  or  Bioxide  of  Barium,  401. 
Hydrogen,  242. 
Manganese     and    HydrocUdrii 
Acid,  Preparation  of  ChlooM 
from,  830. 
Nitrogen,    Compound   ol^   wA 
Chlorine,  340. 

Properties  ot  254 
PreparatioB  of,  2SL 
Strontium,  406. 
Cobalt,  463. 
Bismuth,  649. 
Iridium,  624. 
Lead,  487. 
BCanganese,  437. 
Platinum,  611. 
Ruthenium,  634. 
Tin,  497. 
Vanadium,  515. 
Bird's  Battery  and  Decomposing  Cell,  22(1 

Bi-SaltS       of        Ammft.p^^^g|nm|^njmii        C|l 

617. 
Platammonium,  615, 616. 
Bismuth   and    Ammonium,    Tcrchloriii  4, 
651. 
Bichloride  of;  65a 
Bichromate  of,  552. 
Bioxide  of,  549. 
Bisulphide  of,  550. 
Carbonate  of;  551. 
Nitrates  of,  551. 
Quadroxide  of,  550. 
Selenide  of,  550. 
Sources  and  extrmetioa  d,  553. 
Subnitrates  of,  552. 
Sulphates  of,  551. 
Terchloride  of;  551. 
Teriodide  of;  561. 
Teroxide  of,  549. 
Tersulphide  of;  66a 
Bismuthic  Acid,  550. 
Bisul-hyposulphttric  Acid,  805. 
Bisulphate  of  Soda,  395. 
Bisulphide  of  Bismuth,  660. 
Carbon,  809. 

Action  of  ChkriaiOi^ 

792. 
Action  of  Nasocat  Q^ 

drogan  oa,  i8t. 
decompoaed  by  h«l> 
ing  with  Wster  ui 
with  Salts  in  nalii 
tubes,  78d« 
Hydrogen,  808. 
Iron,  468. 
PUtinom,  611. 
Titanium,  608. 
Tin,  499. 
Bittern,  888. 
BUek  Sulphur,  780. 
Black's  Views  on  Fluidity,  6a 
Bleaching  Powder,  418. 
Bodies,  Compound,  lOa 
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les,  Relation  between  the  Atomio  Weights 
and  the  Volames  of,  in  the  Gas- 
seous  State,  125. 
sva.  Construction  of.  72. 
ing  Point  and  Chemical  CompositioDi  Re- 
lations between,  728. 
Pohito  of  Acids,  728. 

Alcohols,  728. 
Compoand  Ethers,  728. 
Homologous    Compoands, 
780. 
Table  of,  66. 
icio  Acid,  Estimation  of,  776. 
ReacUons  of,  774. 
.cite,  418. 

.te  of  Magnesia,  418. 
.te8,  289. 
x,  897. 

fluoride  of  Potassium,  776. 
n,  Chloride  of,  347.     ' 

Alldtropio  modifications  of,  773. 
Estimation  of,  775. 
Fluoride  of,  361. 
Nitride  of,  776. 

its  Preparation,  Properties,  288. 
ignj,  Experiments  on  the  Ebullition  of 
iter,  64. 

rster  on  Light,  246. 
,  Experiments  of  Vaporisation  on,  69. 
on  the    Latent    Heat  of   Vapour    of 

Water,  68. 
lie  Acid,  675. 

lide,  Auric,  605. 
Mercuric,  585. 

Mcrcurous,  or  Dibromide  of  Mer- 
cury, 678. 
of  Alcohol-radicals,  Action  of  Am- 
monium, 710. 
Cadmium,  475. 
Iodine,  358. 
Lead,  489. 
Nitrogen,  795 
Phosphorus,  351. 
Silver,  795. 
Silicon  852. 

and  Hydrogen,  777. 
Sulphur,  351. 
Tanialum,  569. 
Titanium,  603. 
lides,  709. 

Atomic  Volume  of  Liquid,  725. 

line,  Chloride  of,  351. 

Preparation  of,  350.  • 

Properties  of,  850. 

Separation  of  from  Chlorine,  799. 

Iodine,  799. 
Volumetric  Estimation  of,  802. 

Light,  Gumey's,  287. 

en,  Carbo-zinc  Battery,  220. 

Eudiometers,  282. 

Experiments  on  the  Absorption  of 
Gases,  763. 

Experiments  on  the  influence  of 
Mass  on  Chemical  Action,  731. 

General  Method  of  Volumetric  Ana- 
lysis, 801. 
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Bunsen,  and  Roscoe,   Measurement  of  the 

chemical  Action  of  Light,  676. 
Burette,  Description  of,  388. 
Bussy,  Table  of  the  Efficiency  of  different 
Charcoals,  269. 

Cadmium,  Alloys  of,  476. 

Chloride,    Bromide,    Iodide,    and 
Sulphate  of,  476. 

Estimation  and  SeparaUon  of,  475. 

Oxide,  476. 

Sources  and  Extraction  of,  479. 

Sulphide  of,  476. 
Calcium,  407. 

Binoxide,  Protosulphlde,  Phosphide, 

Chloride  of,  409. 
Estimation  of,  816. 
Fluoride  of,  4l0. 

Hydrate  of  the  Binoxide  of,  409. 
Preparation  and  Properties  of,  816. 
Separation  of,   Arom   Barium   and 

Strontium,  817. 
Separation  of,  from  Magnesium  and 
the  Alkali-metals,  810,  818. 
Calomel,  Bichloride  of  Mercury,  or  Morou- 

rous  Chloride,  677. 
Caloric,  33.  ^ 

Calorimeters,  762. 

Canary-glass,  Fluoresence  of,  666,  672. 
Capillary  Tubes,  42. 
Carbamide,  713—811. 
Carbides,  270. 

Carbon  and  Hydrogen,  Compounds  of,  278. 
Nitrogen,  Cyanogen,  286. 
Sulphur,  309. 
Bisulphide  of,  309,  788,  791. 
Chlorides  of,  346. 
Class  of  Elements,  148. 
from  Wood,  268. 
Estimation  of,  by  Combustion  with 

Oxide  of  Copper,  &c.,  771. 
Hydrogen,     and     Oxygen,     Atomio 
Volume  of  Liquids  containing,  448. 
Perchloride  of,  847. 
Protochloride  of,  346. 
Protosulphlde  of,  782. 
Relation  between  Heat  of  Combustion 

and  Specific  He^t  of,  764. 
Solid  Sulphide  of,  311. 
Specific  Heat,  and  Heat  of  Combus- 
tion of  Varieties  of,  123,  764. 
Subchloride  of,  347. 
Sulphides  of,  309,  782,  783. 
Sulphite  of  Perchloride  of,  791. 
Sulphite  of  Protochloride  o^  792. 
Uses  of,  270. 
Volatility  of,  768. 
Carbonate  of  Baryta,  406—813. 
^Bisitauth,  661. 
Cerous,  660. 
Chromous,  606. 
Mercurous,  678. 
of  Cobalt,  461. 
Copper,  480. 
Didymium,  566. 
Glucina,  822. 
Qlucina  and  Potash,  822. 
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Carbonate  of  Iron,  450. 

Lanthanum,  568. 
Lead,  489. 
Lime,  410. 
Lithia,  408. 
Magnesia,  416. 
Manganese,  484. 
Potash,  877. 
SilTor,  597. 
Soda,  884. 

H jdrates  of;  807. 
Soda,  Preparation  of,  from  the 
Sulphate,  892. 
Solubilitj  of,  807. 
Strontia,  406. 
Zinc,  472. 
Carbonates,  274. 

Decomposition  of  insoluble,  by 

soluble  Sulphates,  786. 
Decomposition  of  insoluble  Salts 

by  AUaline,  786. 
of  Ammonium,  809. 
Table  of,  178. 
Carboido  Acid,  Composition  of,  272. 
EstimaUon  of,  771. 
Preparation  of,  271. 
Prop|rtie8  of,  271. 
Uses  of,  274. 
Vapour,  Tension  of,  80. 
Oxide,  absorption  of  by  Dichloride 
of  Copper,  770. 
Estimation  of,  772. 
Preparation,  274. 
Properties,  275. 
Carburet  of  Iridium,  625. 
Carburets  or  Carbides,  270. 
Cast-iron,  444. 

Catalysis  or  Decomposition  by  contact,  186. 
Cavendish,  Experiments  on  Hydrogen,  287. 
Celsius's  Thermometer,  44. 
Cerio  Oxide,  5G0. 
Cerium,  556. 

Estimation  and  Separation  of,  561. 
Metallic,  559. 
ProtochIoride*of,  560. 
Protofluoride  of,  560. 
Protosulphide  of,  560. 
Protoxide  of.  559. 
Sesquichloride  of,  560. 
Sesquioxide  of,  559. 
Ccrous  Carbonate,  560. 
Oxalate,  560. 
Oxide,  559. 
Phosphate,  561. 
Sulphate,  560. 
Ceruse,  489. 
Chalybeate  Waters,  241. 
Charcoal,  268. 

Animal,  269. 
as  a  Disinfectant,  76d. 
Platinised,  770. 
Chemioil  Action,  DeTelopment  of  Heat  by, 

752. 
Influence    of    Mass    on, 
780. 
*   of  Light,  Measurement  of, 
675. 


Chemical  Affinity,  176,  780. 

and  Magnetio  Actions  of  the  Cii^ 

rent  compared,  €80. 
and    Optical    Extinction    of  thi 

Chemical  Rajs,  678.* 
Composition    and    Boilisg   Poiat, 

Relations  between,  728. 
Composition  and  Density,  ReUtiom 

between,  720. 
Compounds,  CUssification  ot  C95. 
Decomposition,  Cold  produced  bj, 

757. 
Functions,  Claamileation  of  Bodisi 

according  to  their,  696. 
Nomenclature,  109. 
Notation  and  Claasificatioo,  1Q2« 

685. 
Rays,  Extinction  of,  678. 
Chlorate  of  Lead,  491. 

Potash,  880. 
Chlorates,  841. 
Chloric  Acid,  840. 

Composition  oC  841. 
Resolution  ot,  into  Peroxide  of 
Chlorine    and   Hyperchlocie 
Acid,  342. 
Chloride,  Auric,  605. 
Aureus,  602. 
Chromic,  608. 
Chromous,  506. 
Cupric,  480. 
Cuprous,  478. 
Ferric,  675. 
Ferrous,  454. 
Mercuric,  582. 
Mercurons,  577. 
PlaUnic,  611. 
Platinous,  610. 
SUnnic,  499. 
Stannous,  496. 
XTranous,  666. 
of  Aluminium,  421. 
Ammonium.  808. 
Rarium,  405. 
Bimercurammoninm,  56S. 
Boron,  847. 
Bromine,  851. 
Cadmium,  476.* 
Caldum,  409. 
Carbon,  814. 
Cobalt,  401. 
'   Didymium,  666. 
of  Gold,  602. 

and  Potassinm,  60s. 
Iodine,  868. 
Lanthanum,  668. 
Lead,  488. 
lime,  418. 

Yolnasetrie  Kstittisa  il, 
418,808. 
Magnednm,  416. 
MerottraaoMoivsB,  681. 
Mercury  with  AmoMnia,  582. 
Mercury,*  DmiUe  Salts  U,  (8i 
Nickel«468. 
Nitrogen.  846,  79L 
PhosphoraSy  849. 
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Chloride  of  Phosphorjl,  709. 
PotassiuDii  875. 

Bichromato  of,  511. 
Rhodium  and  Potassium,  682. 
Silicon,  847. 
•  and  Hydrogen,  777. 

Silver,  596. 
Sodium,  883. 
Strontium,  40G. 
Sulphuryl,  708,  796. 
Tantalum,  569. 
Tetramercurammonium,  584. 
Thionyl,  794. 
Uranyl,  566. 

and  Potassium,  556. 
Zinc.  472. 
Chlorides,  491,  661.  707. 

Acid  or  Negatite,  708. 

Action  of  Amrooniaon  Acid,  718. 

and  Oxides  of  Osmium,  627. 

Atomic  Volume  of  Liquid,  725. 

Basic  Metallic,  707. 

Classification  of,  707. 

of  Alcohol-Radicals,  708. 

Tables  for  Atomic  Volumes  of  Ist 

and  2d  Class  of,  174,  175. 
of  Arsenic,  533. 
Bibasic  Acids,  702. 
Iridium,  624. 

Manganese,  434,  486,  440. 
Palladium,  020,  621. 
Platinum,  610. 
Tellurium,  528. 
Tribasio  Acids,  702. 
Tungsten,  520. 
Chlorimetry,  414. 
Chlorine,  106,  829. 

Action  of,  on  Potash,  841. 
and  Binozide  of  Nitrogen,  844. 
Oxygen  Compounds  of,  888. 
Sulphur,  348. 
Class  of  Elements,  146. 
Estimation  of.  798. 
Heat  of  Combination  of  Metals  with, 

754. 
Peroxide  of,  343. 
Preparation  of,  829. 
Process  for,  from  Hydrochloric  Acid 
and  Binoxido  of  Manganese,  830. 
Process  for,  from  Chloride  of  So- 
dium,  Binoxide   of  Manganese, 
and  Sulphuric  Acid,  832. 
Properties  of,  332. 
Separation  of,  from  Iodine,  800. 
Uses  of,  334. 

Volumetric  Estimation  of,  802. 
Chlorite  of  Lead,  491. 
Chlorites,  Volumetric  Estimation  of,  803. 
Chlorocarbosulphurous  Acid,  793. 
Chlorochromic  Acid,  513. 
Chloromethylosulphurous  Acid,  793. 
Chloronitric  Acid,  844. 
Chloronitrous  Acid,  345. 
Chlorophosphate  of  Lead,  492. 
Chlorophosphide  of  Nitrogen,  795. 
Chloroplatinate  of  Ammonium,  612. 

Potassium,  612. 


Chloroplatinate  of  Sodium,  612. 

Chloroplatinite  of  Potas- 
sium, 611. 
Chlorosulphide  of  Phosphorus,  849,  794. 

Tin,  499. 
Chlorosulphuric  Acid,  708,  795. 
Chlorous  Acid,  343. 
Chloroxicarbonate  -Oas,  347. 
Chloroxide  of  Phosphorus,  849. 
Chromate  of  Baryta,  512 
Lead,  512. 
Lime,  512. 
Magnesia,  512. 
Potash,  511. 
Silver,  518. 
Soda,  511. 
Chromates  and  Tungstates,  Table  of,  174. 

Compounds,  of  Mercuric  Chloride 

with  Alkaline,' 585. 
Decomposition  of   Insoluble,   hy 

Alkaline  Carbonates,  787. 
of  Ammonia,  512. 
Volumetric  Estimation  of,  808. 
Chrome  Iron,  510. 
Chromic  Acid,  510. 

Chloride,  508. 
Oxide,  506. 

Salts,  Reactions  of,  507. 
Sulphate,  508. 
Chromium  and  Potassium,  Oxalate  of,  509. 
Estimation  and  Separation  of,  513. 
Protochloride  of.  606. 
Protoxide  of,  505. 
Sesquiehloride  of,  508. 
Sesquioxide  of,  506. 
Sesquisulphide  of,  508. 
Sources  and  Extraction  of,  505. 
Terfluoride  of,  618. 
Chromoso-chromic  Oxide,  506. 
Chromous  Carbonate,  506. 
Chloride,  506. 
Oxide,  505. 
Sulphate,  506. 
Sulphite,  506. 
Chrysoberyl,  428. 
Cinnabar,  581. 
Circular  Polarization,  662.  $ 

in  Organic  Bodies,  664. 
Claudet,  Analysis  of  Black  Ash,  894. 
Clay,  424,  425. 

Iron  Stone,  Smelting  of,  442. 
Classification  and  Notation,  Chemical,  685. 

of   Bodies  aocording  to  their 

Chemical  Fonctione,  695. 
of  Elements,  144. 
Coal  Gas,  280. 

Henry's  Analysis  of,  282. 
Cobalt,  Ammoniacal  Salts  of,  468. 
Arseniate  of,  462. 
Bioxide  of,  403. 
Carbonate  of.  461. 
Estimation  and  Separation  of,  466. 
Chloride  of,  461. 
Nitrate  of.  461. 
Phosphate  of,  462. 
Phosphide  of,  468. 
Protoxide  of,  460. 
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Cobalt,  Separation  of,  from  Nickel,  408. 
Sesquicyanide  of,  4G3. 
Sesquioxide  of,  462. 
Sources  and  Extraction  of,  4o9. 
Sulphide  of,  4C8. 
Cobaltio  Acid,  463. 

Oxide,  462. 
Cobaltotfa  Oxide,  460. 
«  Cobalt-y^Uow,  461. 

CoefiBicients  of  Bififusion,  744. 

Gas-absorptioo,  703. 
Cohesion,  176. 

Axes  of,  in  Wood,  651. 
Cold  prodnced  by  Chemical  Decomposition, 

767. 
Columbic  Acid,  672 
Columbiam,  670. 
Colomboaa  Acid,  671. 
Columbites,  671. 

Colonred  Medio,  Spectra  exhibited  by,  074. 
Combining  Measure,  127. 
Numben,  686. 
Proportions,  111-119. 
Combustion,  Heat  of,  220,  761. 

in  Air,  230. 
Common  Salt,  883. 
Compound  Ethers,  706. 

Action  of  Ammonia  on,  713. 
Boiling  Points  of,  729. 
Compounds,  Formation  of,  by  SubstituUon, 
182. 
Formulfe  of,  109. 
Condensing  Tube,  73. 
Conduction  of  Heat,  61,  660. 
Coigugate  MeUls,  719. 

Radicals,  696. 
Conjugated  Acids,  708. 
Contraction  of   Liquids  from    the    Boiling 

Point,  87,  68a 
Water,  88. 
Copper,  Acetates  of,  482. 

Action  of  Nitric  Acid  upon,  266. 
Alloys  of,  483. 
Ammoaio-sulphate  of,  684. 
and  Potash,  Oxalate  of,  482. 
Bichloride  of,  478. 
t     Bicyanide  of,  478. 
Biniodide  of,  478. 
Bioxide  of,  477. 
Bisulphide  of,  478. 
Estimation  and  Separation  of,  483. 
Hydride  of,  478. 

Liquation  of  Argentiferous,  692. 
Nitrates  of,  482. 
Protochloride  of,  480. 
Protoxide  of,  479. 
Sources  and  Extraction  of,  476. 
Sulphate  of,  481. 
Volumetric  Estimation  of.  484. 
Cordier,  InTcstigation  on  Heat,  68. 
Corrosive  Sublimate,  682. 
Crichton's  Thermometer,  43. 
Cryophorus,  Br.  Wollaston's,  75. 
Crystulline  Form  and  Rotatory  Power,  Rria- 

tions  between,  668. 
Crystallized  Bodies,  Conduction  of  Heat  in, 
660. 


Cupcllation  of  SiWer,  COO. 
Cuprammonium,  107,  480. 
Cuproso-cnpne  Cyanide,  479. 
Cuprous  Chloride.  I^lkic,  aad  Cyaaidc,  C& 
Hyposulphite,  479. 
Oxide,  477. 
Carbonate,  481. 
Chloride,  480. 
Nitrate,  482. 
Oxide,  479. 

Salts,  Reactions  of^  479. 
Sulphate,  482. 
Sulphite,  479. 
Current,  Heating  Power  of  the  Voltaic.  CM. 
ReducUon  of  the  Foree  of  the,  u 
absolute  Mechanical  Meaiut, 6ei 
Regulator,  088. 
Electric,  Meajuremeat  of,  679. 
Cyanide,  Cuproso-cupric,  479. 
Cuprous,  478. 
Feme,  454. 
of  Lead.  48a 
Mercury,  686. 
Mercury  and  PotastiuB,  6S7. 
Palladium,  620. 
Potassium,  876. 
SiWer,  697. 
Cyanides,  Compound,  105. 

of  the  Alcohol-radieals,  700l 
of  Platinum,  611,  016 
Cyanogen,  268. 

BALTOHonETanoratioo  of  Water,  475. 
Balton's  Atomic  Theory,  119. 

Law  of  the  BikiUtioa  of  Qani»  K). 
Miscibility  of  Gascfi,  87 
Baniell's  Constant  BaMery,  218. 
Hygrometer,  93. 
Pyrometer,  45. 
Bebus'  Experiments  on  the  Influence  of  llafl 

on  Chemical  Action,  782. 
Becomposition,  181. 

by  Contact,  186. 
Cold  prodaeed  by,  757. 
Ciroamstaaees  which  affd 
the  order  of,  541,  73^T4l]L 
Decompositions,  Secoadarj,  205. 
Belarife  and  Maroet,  HayorafI,  Balong,  i^ 
John,   Suermann,  B^roehe,  Berard,  oi 
Spedfic  Heat  of  Gases,  49. 
Density  and  Chemical  Compoeitioa,  Rdatioai 

between,  720. 
Beutasophosphoric  Acid,  789. 
Beuto-hydrate  of  Phosphorio  acid,  820. 
Bew,  Beposition  of,  67. 

Weirs  Experiments  on,  68. 
Biamagnetic  Bodies,  217. 
Biamides,  or  Primary  Biamidas^  718. 
Diamond,  267. 

-boron,  774. 
-silicon,  776. 
Diaphragm,  Two  Polar  Liquids  separated  tj 

a  Porous,  205. 
Dibromide  of  Mercury,  578. 
Bichloride  of  Mercory,  677. 

Aetioo  of 
00,  67& 
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Dicyanide  of  Copper,  478. 
Didymiam,  Arseniate  of,  566. 
Carbonate  of,  565. 
Chloride  of,  665. 
Bstimation  of,  564. 
Metalllo,  564. 
Nitrate  of,  566. 
Oxalate  of,  565. 
Peroxide  of,  564. 
Phosphate  of,  566. 
Protoxide  of,  564. 
Salts  of,  564. 

Sources  and  Extraction  of,  564. 
Sulphate  of,  565. 
Sulphide  of,  565. 
Sulphite  of,  566. 
Diffusion-coefficients,  744. 
Diffusion  of  a  Salt  into  the  Solution  of  another 
Salt,  748. 
Gases,  87. 

through  Porous  Septa,  751. 
Liquids,  740. 

Liquids  through  Porous  Septa, 
746. 
Dilatation  of  Solids  by  Heat,  84,  687. 
Dimetaphosphoric  Acid,  786. 
Dimorphism,  150. 
Diniodide  of  Copper,  478. 

Mercury,  578. 
Dioxide  of  copper,  477. 
Diplatosamine  and  Diplatinamine,  618. 
Disinfecting  Properties  of  Charcoal,  769. 
Dissipation  of  Heat,  53. 
Distillation,  Natural  Sequel  to  Vaporisation, 

Disulpbide  of  Copper,  478. 

Mercury,  577. 
Dolomite,  407. 
Double  Decomposition  of  Salts,  183,  783. 

regarded  as  the  Typo 
of  Chemical  Action 
in  general,  691. 
Kefraction,  Polarization  by,  659. 
Salts,  168. 
Dutch  Liquid,  286. 
Dynamical  Theory  of  Heat,  654. 

Earthenwaiib  and  Porcelain,  426. 
Elasticity,  Axes  of,  in  Wood,  651. 
Electric  Current,  Heating  Power  of,  684. 

reduced    to  absolute  Me- 
chanical Measure,  684. 
Currents,  Measurement  of  the  Force 

of,  679. 
Resistance  of  Metals,  682. 
Electricity,  679. 
Electro-gilding,  607. 
Electrolysis,  203. 
Elcctro-silfering,  607. 

Elementary    Bodies,    Atomic  Weights,    and 
Formula  of,  in  the  free  State, 
689. 
Substances,  Table  of,  102-104. 
Elements,  Arrangement  of,  in  Compounds, 
154. 
Atomio  Volume  and  Specific  GraT- 
ity,  o^  Table  I.,  172. 


Elements,  Barium  Class  of,  145. 
Carbon  Class  of,  148. 
Chlorine  Class  of,  146. 
Classification  of,  144. 
Gold  Class  of,  148. 
Magnesian  CUss  of,  145. 
MeUllie,  868. 
Non-metallic,  223,  759. 
Phosphorus  Class  of,  147. 
Platinum  Class  of,  148. 
Potassium,  Class  of,  145. 
Sulphur,  Class  of,  144. 
Symbols  of  the,  109. 
Tin,  Class  of,  148. 
Tungsten,  Class  of,  148. 
Emerald,  or  Beryl,  428. 
Enamel,  401. 

Endosmose  and  Exosmose,  747. 
Equivalent  of  Heat,  Mechanical,  652. 

Values  of  Radicals  693. 
Equivalents  and  Atoms,  685. 

Table  of,  102. 
Erbia,  429. 
Erbium,  429. 
Etherification  explained  by  Atomic  Motion, 

789. 
Ethers,  699. 

Action  of  Ammonia  on  Compound, 

713. 
Boiling  Points  of  Compound,  729. 
Compound,  705. 

Sulphur,  707. 
Hydrosulphuric,  706. 
of  Bibasic  Acids,  702. 
Tribasio  Acids,  702. 
Ethylene,  717. 
Euchlorine  Gas,  840. 
Euclase,  428. 
Eudiometers  for  Measuring  Gases,  283. 

of  Bunsen,  283,  284. 
Evaporation  in  Vacuo,  74. 

Spontaneous,  90. 
Dalton  and  Reguanlt  on  the,  of 
Water,  91. 
Expansion  and  the  Thermometer,  83. 
of  Gases,  40. 
Liquids,  85,  688. 
Mercury,  absolute,  689. 
Solids,  83,  599. 
Water,  689. 
ExUnction  of  the  Chemical  Rays,  678. 

Fahl-obes,  595. 

Faraday,  on  the  Liquefaction  of  Gases,  79. 
on  Relation    between    Light   and 
Magnetism,  216,  671. 
Fatty  Acids,  701. 

Boiling  Points  of,  729. 
Felspar,  427. 
Ferric  Acid,  466. 

Compounds,  451. 
Oxide,  451. 
Sulphide,  458. 
Ferrocyanide  of  Iron,  460. 

Potassium,  449. 

and  Iron,  449. 
Ferroso-ferrio  Oxide^  458. 
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Ferroso-fcrric  Sulphate,  455.  j 

Ferrous  Compounds,  448. 
Oxide,  448. 

Yolametrio  estimation  of,  804. 
FicVs  Experiments  on  Liquid  Diffusion,  744. 
Flame.  Structure  of,  263. 
Fluidity,  as  an  effect  of  Heat,  59. 
Black's  Views  on,  60. 
Table  of,  59. 
Fluoboric  Acid.  861. 
Fluoboride  of  Silicon,  802. 
Fluorescence,  671. 
Fluoride  of  Aluminium,  421. 
Boron,  861. 
Calcium,  410. 
Manganese,  434. 
SiWer,  697. 
Tantalum,  569. 
Fluorides,  709. 
Fluorine,  682. 

Detection  of  minute  quantities  of, 

800. 
Estimation  of,  801. 
Isolation  of,  800. 
Sources  of,  800. 
Fluor-Spar,  860,  410. 
Fluosilicic  Acid,  362. 
Formulae,  Rational.  692. 
Formulae,  Antithetic  or  Polar,  168. 

of  Compounds,  109. 
Freezing  Apparatus,  410. 
of  Water,  75. 
Mixtures,  891. 
Fulminating  Qold,  603. 
Functions,  Classification  of  Bodies,  according 

to  their  Chemical,  696. 
Fusco-cobaltia  Salts,  464. 

Galtaxombtes,  222,  679. 
Garnet,  426. 

Gas-Battery.  GroTe*s,  209. 
Gases  and  Vapours.  Specific  Heat  of,  642. 
Air  and,  are  imperfect  Conductors,  53. 
Absorption  of,  by  Liquids,   81,   240, 

763. 
Dalton  on  Miscibility  of,  87. 
Density  of,  83,  84. 
Determination  of  the  Specific  Heat 

of,  49.  • 
Diffusion  of,  87. 

through    Porous    Septa, 
751. 
Effusion  of,  88. 
Expansion  of,  40. 
Faraday's  Experiments  on,  78. 
Heat  etoWed   by  the  Solution  of,  in 

Water,  756. 
Passage  of,  through  Membranes,  90. 
Permanent,  77. 
Priestley,  on  Diffusion  of,  87. 
Table  of  the  Specific  Gravity  of,  and 

Vapours,  130,  136. 
Thilorier's  Machine  for  the  Liquefac- 
tion of  Carbonic  Acid,  77. 
Transpiration  of.  85. 
Qcrhardt's  Atomic  Weights,  G88. 
Formuln  of  Salts,  166. 


Gcrhardt's  Tbcorr  of  the  Ammoaiseil  Fli> 
tinuoi  Compounds,  017. 
Types,  619. 
UniUry  System,  687. 
German  Silver,  468. 
Gilding  and  SilTeriog,  607. 
Glass,  399. 

Analysis  of,  400. 
Bohemian,  401. 

Composition  of.  Varieties  of,  400. 
Crown,  400. 
Crystal,  401. 
DeTitrificatiott  of;  402. 
Flint,  401. 

Green  or  Bottle,  401. 
Window.  400. 
Glauber's  Salts,  891. 
Glncina  and  Ammonia,  Carbonate  of,  822. 
Potash,  Oxalate  of,  822. 
Carbonate  of.  822. 
Glucina,  Estimation  and  Se^antioa  ol  S2C. 
Properties,  Rational   Formola  uJ 
Preparation  of,  821. 
Glucinum.  428,  821. 
Gladstone's  Experiments  on  the  lofloeaet  of 

Mass  on  Chemical  Action,  622. 
Glycerines.  699. 
Glycols,  698. 
Gold,  Alloys  of,  006. 

Amalgam  of,  606. 
and  Potassium,  Chloride  oC  GOik 
Clas^  of  Elements,  148. 
Estimation  and  Separation  of,  007. 
Extraction  of,  601. 
Oxide  of,  602. 
Fulminating,  603. 
Properties  of,  601. 
Sesquichloride  of,  OOS. 
Sesquioxide  of,  602. 
Sesquisulphide  of,  605. 
Sources  of,  601. 
Graham's  Experiments  on  Liquid  XKffosoB, 
740. 
Researches  on  Osmose,  748. 
Graphite,  267. 

Preparation  of  pore,  finely  dlTtdti 
770. 
Graphitoidal  Boron,  774. 
Silicon,  776. 
Gunpowder,  879,  380. 
Gurney's  Bnde  Light,  284. 
Gypsum,  412. 

IIail,  249. 

Ileat,  Absorption  and  Reflection  of  RadlAted, 

54. 
Bache's  Experiments  on  the  Radiitioc 

of,  54. 
Capacity  of  Different  Bodies  fcr,  •IS. 
Central,  58. 

Conduction  of.  51,  650. 
Dereloped   by  Chemical  CoBbinatios, 

751. 
Dilatation  of  Solids  by.  34.  637. 
Distribution  of  the  Rays  of,  101. 
Despretz  and  Duioog's  Experiaenti « 

Latent,  69. 
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Beat,  Dynamicnl  Theory  of,  054. 

ETolred  by  the  Solution  of  Gases  in 

Water.  750. 
Efifects  of,  on  Glass,  85. 
Evolved  in  the  Combination  of  Acids 

with  Water,  750. 
Experiments  of  Melloni  on  the  Trans- 
mission of,  55,  042. 
Fluidity,  as  an  Effect  of,  69. 
Latent,  09,  042. 
Mechanical  Equivalent  of,  052. 
Nature  of,  90,  97,  054.      , 
of  Combination  of  Acids'  with  Bases, 
755. 
Combinations      of      Metala     with 

Chlorine,  754. 
Combination   of   Metals,  &c.,  with 

Oxygen,  752. 
Combustion  and  Specific  Relations 
between,  764. 
or  Cold  produced  by  Solution  of  Salts 

in  Water,  750. 
Radiation  of,  63. 
Regnault's   Table  of  the  Capacity  of 

Bodies  for,  49. 
Rumford's  Experiments  on  the  Radia- 
tion of,  58. 
Specific,  48,  040. 

Table  of  the  Conduction  of,  by  Build- 
ing Materials,  51. 
Transmission  of,  55. 

Radiant,  through  Media 
and    the    Effects    of 
Screens,  55. 
Transparency  of  Bodies  to,  50. 
Heating  Power  of  the  Voltaic  Current,  084. 
Hedypban,  413. 
Uemihedry,  008. 
Hexametaphosphorio  Acid,  -787. 
Henry,  on  Coal  Gas,  282. 
Hepar  Sulphuris,  874. 
Homologous  Compounds,  Boiling  Points  of, 

730. 
Homologous  Series,  098. 
Horse-chestnut   Bark,   Fluorescence  of.  In- 
fusion of,  072. 
Humboldite,  270. 
Hydracids,  337. 
Hydrate  of  the  Binoxido  of  Calcium,  409. 

otash.  Preparation  of,  from  the 
Nitrate,  800. 
Hydrated  Bisulphate  of  Potash,  378. 

Sesquisulphate  of  Potash,  878. 
Tantalic  Acid,  507. 
Hydrates  of  Alumina,  420,  819. 
Copper,  478. 
Silicic  Acid,  291. 
Sulphuric  Acid,  300. 
the  Alcohol-radicals,  710. 
Aldehyde-radicals,  717. 
Metals  Proper,  710. 
Hydranlic  Mortar,  409. 
Hydride  of  Phosphorus  (Liquid),  827. 
Hydrides  of  Carbon,  278. 
Hydriodic  Acid,  855. 
Hydroboracite,  418. 
Hydrobromic  Acid,  851. 


Hydrochlorate  of  Ammonia,  809. 
Hydrochloric  Acid  and  Binoxide  of   Man- 
ganese, process  for 
preparing  Chlorine 
from,  057. 
Preparation  of,  885. 
Table    of    the    Specific 

Gravitjy>f,  880. 
Type,  0937707. 
Hydrocyanic  Acid,  877. 
Hydroferricyanic  Acid,  454. 
Hydroferrocyanic  Acid,  449. 
Hydrofluoric  Acid,  088. 

Anhydroas,  800. 
Hydrofluosilicio  Acid,  802. 
Hydrogen  and  Arsenic,  588. 

Nitrogen,  Ammonia,  264. 
Phosphoms,  820. 
Sulphur,  800. 
Antimoniuretted,  544. 
Bicarburetted,  285. 
Binoxide  of,  242. 
Bisulphide  of,  808. 
Cavendish's  Experiments  on,  287. 
Peroxide  of,  282. 
Preparation  of,  282. 
Properties  of,  284. 
Protooarburetted,  278. 
Protoxide  of,  287. 
.     Quantitative  Estimation  of,  702. 
Siliciuretted,  778. 
Teroxide  of,  700. 
Hydrogen-type,  093,  710. 
Hydrosulphate  of  Ammonia,  809. 
Hydrosulphuric  Acid,  800. 

Ethers,  700. 
Hygrometer,  91. 

Condensing  (Regnault's),  94. 
Danieirs,  93. 
Differ«iKial,  92. 
Wet  Bulb,  92. 
Hyperohloric  Acid,  342. 
Hypochloric  Acid,  348. 
Hypochlorite  of  Lime,  413. 
Hypochlorites,  340.  ' 

Volumetric  Estimation  of,  808. 
Hypochlorous  Acid.  888. 
Hypo-iodio  Acid,  790. 
Hypophosphorous  Acid,  810. 

Analysis  of,  818. 
Hyposulphate  of  Magnesia,  417. 
Hyposulphate  of  Manganese,  485. 

Silver,  597. 
Hyposulphite,  Cuprous,  479. 

of  Auric  Oxide  and  Soda,  006. 
Aureus  Oxide  and  Soda,  000. 
Baryta,  000. 
Silver,  597. 
Strontin,  407. 
Hyposulphuric  Acid,  802. 
Hyposulphurous  Acid,  803. 

Estimation  of,  784. 
Hydrotelluric  Acid,  528. 

Ilmknium,  572. 

Imides,  714. 

Inactive  Tartaric  Acid,  670. 
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Induction,  Photo-chemical,  677. 
InaolubiUty,  influence  of,  on  Chemical  De- 
composition, 182,  788. 
Insoluble  Salts,  Decomposition  of,  by  Soluble 

Salts,  736. 
lodate  of  Potash,  881. 
Iodate^  357. 
Iodic  Acid,  85(k 
Iodide,  Auric,  T91. 

Cuprous,  478. 
Platinous,  611. 
of  Cadmium,  475. 
Lead,  489. 
Nitrogen,  858,  797. 
Palladium,  620,  799. 
Potassium,  875. 
Sulphur,  858. 
Stannous,  497. 
SiWer,  596. 

Tetramerourammoninm,  586. 
Zinc,  472. 
Iodides,  679,  709. 

Atomie  Volume  of  liquid,  725. 
Ferric  and  Ferrous,  449,  454. 
of  Alcohol-radicals,  Action  of  Am- 
monia on,  710. 
Mercury,  578,  586. 
Phosphorus,  858,  798. 
Iodine,-  Bromides  of,  859. 
Chlorides  of,  358. 
Compounds  of,  855. 
Estimation  of,  799. 
Preparation  of,  852. 
Properties  of,  853. 
Separation    of,   from    Bromine    and 

Chlorine,  800. 
Sources  of,  352,  796. 
Uses  of,  855. 

Volumetrie  Estimation  of,  801. 
lodo-aurate  of  Potassium,  606. 
Ions,  Transference  of  the,  206. 
Iridic  Sulphate,  625. 

Iridium,  Ammoniacal  Compounds  of,  625. 
Carburet  of,  625. 
Chlorides  of,  025. 
Oxides  of,  624. 
Properties  of,  628. 
Sources  and  Extraction  of,  622. 
Sulphides  of,  624. 
Iron  and  Potassium,  Ferrocyanide  of,  449. 
Bisulphide  of,  453. 
Black  or  Magnetic  Oxide  of,  458. 
Carbonate  of,  450. 
Cast,  444. 

Ferrtcyanide  of,  450. 
Malleable,  445. 
Metallurgy  of,  442. 
Ores  of,  442. 

Passive  condition  of,  447. 
Properties  of,  446. 
Protoacetate  of,  451. 
Protochloride  of,  449. 
Protocompounds  of,  448. 
Protocyanide  of,  448. 
Protiodide  of,  449. 
Protonitrmte  of,  451. 
Protosulphate  of,  451. 


Iron,  Protosulpliido  of,  449. 

Protoxide  of,  44a 

Puddling  of.  445. 

Pyrites,  458. 

QuantitatiTe  Estimation  of,  457. 

Scale  Oxide  of,  453. 

Separation  of,  from  other  Metalf,  4^- 

Sesquichloride  of,  454. 

Sesquicompounds  of,  451. 

Sesquicyanide  of,  454.- 

Sesquiiodide  of,  454. 

Sesquioxide  or  Peroxide  of^  451. 

Sesquisnlphide  of,  453. 

Sources  of,  441. 

Subsulphide  of,  449. 

Volumetric  Estimatioii  of;  459,  804 
Isomerism,  152. 
Isomorphism,  139. 
Ispmorphous  relations  of  Manganese,  440. 

ExLP,  895. 

Laxtha^um,  Carbonate  of,  503. 
Chloride  of,  563. 
Estimation  of,  561. 
Metallic,  563. 
Nitrate  of,  563. 
Protoxide  of,  563 
Sources  and  Extraction  ct  iiit 
Sulphate  of,  563. 
Latent  Heat,  61,  642. 
Lead,  AceUtes  of.  492. 

Alloys  of.  493. 

Antimoniates  of,  544. 

Bichloride  of,  489. 

Bioxide  or  Peroxide  of.  487. 

Bromide,  Iodide,  and  Cyanide  of,  4^. 

Carbonate  of,  489. 

Chlorate  of,  491. 

Chloride  of,  488. 

Chlorite  of,  491. 

Chlorophosphate  of,  492. 

Chromate  of.  512. 

Estimation  and  Separation  of,  4dS. 

Minium  or  Red,  487. 

Nitrate  of,  490. 

Nitrites  of,  491. 

Oxychloride  of,  488. 

Perchlorate  of,  491. 

Phosphate  of,  491. 

Protosulphide  of.  488. 

Protoxide  of,  486. 

Salts,  Reactions  of,  491. 

Sesquibasic  acetate  of,  492L 

Sesquioxide  of,  487. 

Sources  and  Extraction  of,  i^^. 

Suboxide  of,  485. 

Sulphate  of,  490. 

Sulphide  of,  487.     * 

Tribasic  subacetate  of,  492. 
Leslie,  Radiation  of  Heat,  53. 
Leucice,  or  Ampbigen,  426. 
Liebig*s  Condensing  T|il>e,  78. 
Light,  Brewster  (Sir  D.)  on,  100.  246. 

Change  of  RefrangibiUty  of;  C7L 

Common,  99. 
I  Decomposition  of;  100. 
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Light,  DifTerenee  of  Chemical  Power  in  Morn- 
ing and  Evening,  679. 
Double  Refraction  of,  99,  659. 
Forbes  on,  24G. 
Gurney's  Bnde,  284. 
Measurement  of  the  Chemical  Action 

of,  675. 
Polarization  of,  99,  658. 
Faradaj's  Experiments  on  the  Rela- 
tions between  Magpietism  and,  216, 
671.  ^ 

Lime,  407. 

and  Alumina,  Silicates  of,  745. 

Potash,  Sulphate  9f,  816. 
Carbonate  of,  410. 
Chromate  of,  512. 
Efttimation  of,  816. 
Hydrate  of,  407. 
Hypochlorite  of,  413. 
Hyposulphite  of,  412. 
Nitrate  of,  412. 
Phosphate  of,  412,  816. 
Salts  of,  410. 

Separation  of,  from  Baryta  and  Stron- 

tia,  816. 
from  Magnesia  and  the 
AlkaUes,  816. 
Solubility  of,  815. 
Sulphate  of,  412;  816. 
Volumetric  Estimation  of  Chloride  of, 
414,  803. 
Liquation  of  Argentiferous  Copper,  828. 
Liquefaction,  59,  042. 
Liquids,  Absorption  of  Gases  by,  763. 
Atomic  Volume  of,  720. 
Circular  Polarization  in,  664 
Contraction    of,   from    the   Boiling 

point,  37,  639. 
Diffusion  of,  740. 

through  porons  Septa, 
746. 
Expansion  of,  30,  638. 
Latent  Kent  of,  643. 
Specific  Heat  of,  640. 
Tension  of  Vnponrs  of  mixed,  648. 
Vaporization  of,  66. 
Lithia,  402. 

Carbonnte  of,  403. 
Estimation  and  Separation  of»  812. 
HyUmte  of,  403. 
Nitrate  of,  812. 
Phosphate  of,  812. 
Sulphate  of,  403. 
Lithium,  402,  811. 

Chloride  of,  408. 
Luteo-Cobaltia  Salts,  464. 

Madder-stove,  95. 
Magnesia,  415. 

Alba,  416. 

Bicarbonate  of  Potash  and,  416. 

Borate  of,  418. 

Carbonate  of,  416. 

Chromate  of,  512. 

Estimation  and  Separation  of,  818. 

Hyposulpbate  of,  417. 

Nitrate  of,  418. 


Magnesia,  Phosphate  of  and  Ammonia,  418. 
Silicates  of,  418. 
Sulphate  of,  417. 
Magnesian  Class  of  Elements,  146. 
Magnesium,  415,  817. 

Chloride  of.  415. 
Magnetic  Action,  Rotatory  Power  induced 
by,  671. 
and  Chemical  Actios  of  the  Cnr^ 

rent  compared,  680. 
Oxide  of  Iron,  458. 
Magnetic  Polarity,  187. 
Malaguti's  Experiments  on  the  Reciprocal 

Action  of  Salts,  734. 
Malic  Acid,  Actire  and!  InaotiTe,  670. 
Malleability,  864. 
Malleable  Iron,  444. 

Manganese,  Bioxide  or  Peroxide  of,  436. 
Black  Oxide  of,  430. 
.  Carbonate  of,  434. 
Estimation  and  Separation  of, 

441. 
Fluoride  of,  484. 
Hyposulpbate  of,  435. 
Isomorphous  relations  of,  440. 
Molybdate  of,  524. 
Oxides  of,  432. 
Perchloride  of,  440. 
'Phosphide  of,  433. 
Protochloride  of,  433. 
Protocyanide  of,  434. 
Protosulphide  of,  488. 
Protoxide  of,  482. 
Protosulphate  of,  484. 
Reactions  of,  432.  , 

Red  Oxide  of,  436. 
Sources  and  Extraction  of,  431. 
Sesqnichloride  of,  436. 
Sesquioyanide  of.  436. 
Sesquioxide  of,  435. 
Valuation  of,*  Bioxide  of,  487. 
Manganic  Acid,  439. 
Oxide,  435. 
Sulphate,  485. 
Manganous  Oxide,  432. 

Sulphate,  484. 
Margueritte's  Experiments  on  the  Reciprocal 

Action  of  Salts,  736. 
Mariutte,    Deviation    f^om  the  Law  of,   in 
Gases.  82. 
Law  of  Compression  of  Gases,  81. 
Marsh  Gas,  717. 
Marsh's  Test  for  Arsenic,  535. 
Mass,  Influence  of,  on  Chemical  Action,  730. 
Measurement  of  the  Force  of  Electric  Cur- 
rents, 679. 
Mechanical  Equivalent  of  Heat,  652. 
Mechanical  Measure  Of  the  Electric  Current, 

684. 
Mellon  (Liebig),  287. 
Melting  Point  of  Sulphur,  292,  781. 
Mercaptans,  706. 
Mercurammonia,  581. 
Mercurammonium,  Chloride  of,  584. 
Mercuric  Amido-chloride,  583. 

Ammonio-nitrates,  589. 
Bromide,  585. 
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Mercuric  Chloride,  582.  _ 
Compounds,  579. 
Iodide,  585. 
Nitrates,  68a 
Oxide,  578. 

Seleniate  and  Selenite,  588. 
Sulphate,  588. 
Sulphide,  581. 
Sulphites.  588. 
Mercnroso-mercaric  Io<lide,  686. 
Mercurous  Acetate,  579. 

Bromide,  or  Dibromido  of  Mer- 
cury, 578. 
Carbonate,  or  Carbonate  of  Black 

Oxide  of  Mercury,  678. 
Chloride,  Bichloride  of  Mercary, 

or  Calomel,  677. 
Compounds,  578. 
Iodide,  or  Diniodide  of  Mercury, 

678. 
Nitrates,  or    Nitrates    of   Black 

Oxide  of  Mercury,  579. 
Sulphates,  or  Sulphate  of  Black 

Oxide  of  Mercury,  678. 
Seleniate,  578. 
Selenite,  679. 
Mercury,  Absolute  Expansion  of,  689. 

Action  of  Ammonia  on  Bichloride 

of,  678. 
Alloys  of,  and  Potassium,  589. 
Calorimeter,  752. 
Chloride  of,  with  Ammonia,  682. 
Cyanide  of,  586. 
Bibromide  of,  678. 
Bichloride  of,  577. 
Biniodide  of,  678. 
Bioxide  of,  570. 
Bisulphide  of,  677. 
Bouble  Salts  of  Chloride  of,  584. 
Estimation  and  Separation  of,  590. 
Nitride  of,  581. 
Nitrochloride  of,  683. 
Oxychloridc  of,  109,  684. 
Oxycyanido  of,  687. 
I^otobromide  of,  685. 
Protochloride  of,  682. 
Protoxide  of,  579. 
Protosulphide  of,  681. 
Sulphocbloride  of,  584. 
Metalloids  or  Acid  Metals,  719. 
Metals,  Alcohol,  718. 

Combinations  of,  366. 
Conduction  of  Heat  in,  649. 
Conjugate,  719. 
Biamngnetic,  217. 
Electric  Resistance  of,  682. 
Found  in  Native  Platinum,  369,  608. 
General  Observations  on,  863. 
Ueat     of     (Combination     of,     with 

Chlorine,  754. 
Heat  of  Combination  of,  with  Oxygen, 

752. 
Isomorphous  with  Phosphorus,  869, 

630. 
in  Native  Platinum,  608. 
Mixed,  719. 
Noble,  573. 


Metalt,  of  the  Alkalies.  368,  801. 

Alkaline  Earths,  868,  Sll 
Earths  Proper,  868,  821 
Oxidability  of,  3t^. 
Physical  Properties  of,  864. 
Proper,   hiiTing   Isomorphous  Rf!i- 
tions  with  the  Magnesian  F%mU, 
369,  494. 
Proper,  having  Protoxides  ifosor^l- 

ous  with  Magnesia,  868,  4S1. 
Proper,  Hydrides  of,  716. 
Proper,  of  which  the  Oxides  art  rc^ 
dnced   by   Heat  to  the   Meti!lic 
sUtf,  860,  673. 
Protoxides  of,  8C6. 
Table  of  the,  363,  364. 

Fusibility  of  dtfofst, 
S65. 
Metamerio  Bodies,  154. 
Metaphosphates,  320. 

Action  of  Water  oa  the,  7ST. 
Metaphosphoric  Acid,  824,  786. 
Metastannates,  498. 
Metaatannic  Acid,  498. 
Metbylosulphurous  Acid,  793. 
Microcosmic  Salt,  896. 
Minium,  487. 
Mitchcirs  Experiments  on  Biffunon  of  GsMf. 

90. 
Mixed  Liquids,  Tension  of  Vapours  of^  Gi& 

Metals,  719. 
Molybdatc  of  Lead,  624. 

Manganese^  624. 
Molybdates  of  Ammonia,  623. 
Barvta,  524. 
Potash,  523. 
Soda,  523. 
Molybdenum,  Chlorides  of,  525. 

Estimation  and  Sepanio&«^ 

62>. 
Sources  of.  521. 
Sulphides  of,  524. 
Molybdio  Acid,  522. 

Oxide,  522. 
Molybdous  Oxide,  521. 
Monobasic  Salts,  161. 
Monometaphospboric  Acid,  786. 
Monophosphamide,  789. 
Monosul-hyposulpbnrie  Add,  805. 
Motion,  Atomio,  738. 

NirrnAL  Bletantimbniate  of  Potash,  511 
Nichol's  Prism,  660. 
Nickel,  Ammonio-Compounds  of,  46S. 
Chloride  of,  468. 
Estimation  and  S^^armtion  ot  ^^ 
Oxides  of,  467. 

Sources  and  Extraotioo  of,  4G6. 
Sulphate  of,  468. 
Niobium,  570. 
Nitrate,  Cupric,  482. 
Ferric,  455. 
of  Alumina,  424. 
Ammonium,  810. 
Argentammonium,  696w 
Baryta,  405. 
Bimercurammoniua,  S89L 
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Nitrate  of  Cobalt.  401. 

Didymium,  56G. 
Lanthanum,  563. 
Lead,  490. 
Lime,  412. 
Lithia,  812. 
Magnesia,  418. 
Palladium,  620. 
Potash,  879. 
SiWer,  598. 
Soda,  895. 
Strontia,  407. 

Tetramercurammouinm,  589. 
Trimercurammonium,  5i39. 
Uranyl,  556. 
Zinc,  473. 
Stannous,  497. 
Uranic,  556. 
Kitrates,  Mercuric,  588. 
Mercurous,  579. 
of  Bismuth,  551. 
Table  of,  379. 
Kitre,  878. 

valuation  of,  768. 
Nitric  Acid,  Action  of,  upon  Copper,  256. 
Anhydrous,  766. 
Mode  of  preparation  by  M.  De- 
ville,  and  properties,  described, 
259. 
Battery  (Grove's),  218. 
Estimation  of,  767. 
Preparation  of,  2C0. 
Properties  of,  256. 
Uses  263. 
Nitric  Oxide,  Preparation  of,  766. 
Nitride  of  Boron,  775. 

Mercury,  581. 
Nitrides,  Intermediate,  715. 

Negative  or  Acid,  712. 
of   the   Alcohol-radicals,   primary, 
710. 
Alcohol-radicals,  secondary 
and  tertiary,  711. 
Aldehyde-radicals,  712. 
Titanium,  503. 
Positive,  710.  ^ 

Nltrile  Bases,  711. 
Nitrite  of  Silver,  508. 
Nitrides  of  Lead,  400. 
Nitrochloride  of  Mercury,  583. 
Nitrogen,  113. 

and  Hydrogen,  Ammonia,  264. 
Phosphorus,  329. 
Sulphur,  309. 
Binoxide  of,  256. 
Bromide  of,  795. 
Chloride  of,  845,  791. 
Cblorophosphide  of,  795. 
Compound<«,    Atomic    Volume    of 

Liquid,  779. 
Compounds  containing  Phosphorus 

and,  787. 
Iodide  of,  358,  797. 
Peroxide  of,  258. 
Preparation  of,  244,  765. 
Properties  of,  244. 
Protoxide  of,  253. 


Nitrogen,  Quantitative  Estimation  of,  766. 

Sulphide  of,  809,  781. 
Nitrocyanide  of  Titanium,  504.  . 

Nitroprussic  Acid,  450. 
NitroprusiSides,  457. 
Nitrosulpburio  Acid,  801. 
Nitrous  Acid,  257. 
Oxide,  766. 
Noble  Metals,  573. 
Non-metallic  Elements,  223,  759. 
Normal  Acid  Fluid,  388. 
Notation  and  Chemical  Nomenclature,  101- 

106. 
Classification,  Chemical,  685. 

OcTOHED&AL  Bohom,  774. 

Silicon,  776. 
Ohm's  Formulss,  681. 
Oil  Qas,  286. 

of  Vitriol,  297. 

Specific  Gravity  of  the  Vapour 
of,  138. 
Olefiant  Gas,  or  Ethylene,  285,  717. 
Optical  and  Chemical  Extinction  of  the  Chemi- 
cal Rays,  678. 
Organic  Compounds,  Circular  Polarization  in, 

664. 
Estimation    of    Carbon 
and  Hydrogen  in,  771. 
Estimation  of  Chlorine 

in,  799. 
Estimation  of  Nitrogen 

in,  766. 
Estimation  of  Sulphur 
in,  788. 
Osmiamic  Acid,  629. 
Osmic  Acid,  628. 

Sulphate,  627. 
Osmious  Acid,  628. 
Osmium,  Bichloride  of,  627. 

Estimation  and  Separation  of,  629. 
Oxides  and  Chlorides  of,  027. 
Sources  and  Extraction  of,  626. 
Sesquioxidc  of,  627. 
Sulphides  of,  629. 
Terchloride  of,  028. 
Osmose  through  Membrane,  748. 

Physiological  Action  of,  750. 
through  Porous  Earthenware,  748. 
Jolly's  researches  on,  747. 
Graham's  researches  on,  748. 
Oxalate,  Cerous,  500. 
Ferric,  456. 

of  Chromium  and  Potassium,  509. 
Copper  and  Potash,  480. 
Didymium,  565. 
Gluciiia  and  Potash,  822. 
Potnsh  and  Antimony,  541. 
Silver,  599. 
Oxalates,  Decomposition  of  Insoluble'  by  Al- 
kaline Carbonates,  737. 
of  Ammonium,  810.  ^ 

Oxamide,  713,  810. 
Oxalic  Acid,  276. 

Estimation  of,  772. 
Oxamic  Acid,  704,  810. 
Oxide,  Antimonic,  539. 
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Oxide,  Auric,  G02. 
AurouB,  602. 
Cerie,  5G0. 
Ceroatf,  559. 
Chromic,  600. 
Chromoso-cbromic,  506. 
Chromous,  505. 
Cobaltio,  402. 
Gobaltous,  460; 
Capric,  479. 
Cuprous,  477. 
Mercurie,  579. 
Molybdic,  522. 
Molybdous,  521. 
of  AntimoDj,  5S9. 
Cadmium,  445. 
Gold,  601. 
Iridium,  628,  624. 
Iron,    Volametric   Esdmation   of, 

804. 
Manganese,  482,  485,  486. 
Rhodium,  630. 
Silver,  594. 
Phosphorus,  815. 
Potassium,  Salts  of,  877. 
Vanadiam,  515. 
Zinc,  472. 
Palladous,  620. 
Platinic,  611. 
Platinous,  610. 
Khodic,  630. 
Ruthenic  684. 
Stannic,  497. 
Stannous,  495. 
TungsUc,  517. 
Uranic,  555. 
Uranoso-uranio,  555. 
UranoQS  554. 
Oxides  and  Chlorides  of  Osmium,  627. 

Atomic  Volume  and  Specific  QraTitj 

of,  176. 
Intermediate,  or  Oxygen  Salts,  705. 
Metallic,  Classification  of,  697. 
Negative  or  Acid,  700. 
Positire,  697. 
Oxychlorig  Acid,  841. 
Oxy bromide  of  Phosphorus,  796. 
Oxjchloride  of  Lead,  48& 

Mercury,  584. 
Oxycobaltia-salts,  468. 
Oxycyanide  of  Mercurj,  587. 
Oxygen,  113. 
Oxygen-Acids,  156. 

Active  Modification  of,  760,  762. 
Compounds  of  Chlorine  and,  838. 
Extraction  of,  from  Atmospheric  Air, 

759. 
Heat  produced  by  combination  with, 

To2. 
Preparation  of.  223. 
Properties  of,  227. 
Quantitative  Estimation  of;  762. 
Oxygenated  Water,  156. 
Oxygen-Salts  or  Intermediate  Oxides,  705. 
Ozone,  282,  759. 


Packfoso,  468. 

Palladium,  Ammoniocal  CcMpomdi  ot,  {*J» 
622. 
Cblorides  of,  620-621. 
Cyanide  of,  020. 
Estimation  and  Sepontioa  oC  GSl 
Nitrate  of,  620. 
Properties  of.  619. 
Protoxide  of,  619. 
Reactions  of,  620. 
Sources  and  Extraetioo  of.  019. 
Sulphide  of,  620. 
Passive  condition  of  Iron,  447. 
Pearl-Ash,  877. 

Pentachloride  of  Antimony,  544. 

Phosphorus,  840. 

Action  >■■{  Aak 
on,  7W. 
Pentaiodic  Acid,  857. 
Pentasulphide  of  Antimooj,  544. 
Pentathionie  Acid,  805. 
Perohlorate  of  Lead,  491. 

Potash,  881. 
Perchloric  Acid,  841. 
Perchloride  of  Carbon,  847. 

Sulphite  of.  816. 
Manganese,  #40. 
Periodates,  858. 
Periodic  Acid,  357. 
Permanganic  Acid,  439. 
Permeabilit  J  to  Liquids,  Axes  of,  ia  Wood 

651. 
Persulphide  of  Arsenio,  588, 
Peroxide  of  Chlorine,  848. 
Didjmiom,  564. 
Iron,  451. 
Lead,  487. 
^langanese,  436. 
Nitrogen,  258. 
Potassium,  874. 
Silver,  599. 
Peroxides,  Volumetric  Estimation  cf,  SOi 
Phospham,  789. 
Phosphamic  Acid  789. 
Phosphate,  Cerous,  561. 

.  of  Alumina,  424. 
Cobalt,  462. 
Didymium,  567. 
Lead,  491. 
Lime,  412.  816. 
Lithia,  812. 
Magnesia,  418. 

and  Ammonia,  4 
Phosphates,  821. 

Analysis  of,  325,  791. 
Bibasic,  822. 

of  .Ammonium,  SlO. 
of  Uranyl,  5oG. 

Zinc,  473. 
Tribaaic,  321. 
Uranic,  5't6. 
Phosphide  of  Cobalt,  46.3. 

Manganese.  433. 
Nitrogen,  328.  790. 
Tungsten,  520. 
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Phrt«pliiJes,  716. 
Phoiiphites,  317. 
Phosphoeerite,  501. 
Phosphoric  AciJ^  Analysis  of,  325. 

Action  of,  on  Pentachloride 

of  Phosphorus,  795. 
Amides  of,  787. 
considered  Tribasic,  170. 
Peuto-hydrate  of,  Acid  or 
Bibasic    Phosphate    of 
Water,  820. 
Estimation  of,  700. 
Separation  of,  from  Bases, 

701. 
Preparation  of,  818. 
Protohydrate  of,  820. 
Terhydrate  of,  or  Tribasic 
Phosphate  of  Water,  820. 
Phosphorous  Acid,  Analysis  of,  818. 
Estimation  of,  791. 
Preparation  of,  817. 
Properties  of,  817. 
Phosphorus,  818. 

Atomic  Weight  of,  780. 
and  Hydrogen,  826. 
Nitrogen,  828,  788. 
Sulphur,  828. 
Bromide  of,  351. 
Chloride  of,  849. 
Chlorosulphide  of,  849. 
Chloroxide  of,  849. 
Class  of  Elements,  147. 
Estimation  of,  791. 
Iodides  of,  838,  798. 
Liquid  Hydride  of,  827. 
Oxide  of,  815. 
Oxybromide  of,  795. 
Pentachloride  of,  849. 
Properties  of,  818. 
Bed,  314. 

or  Amorphous,  785. 
Solid  Hydride  of,  826. 
Sulphides  of,  328,  787. 
Sulphobromide  of,  796. 
Terchloride  of.  849. 
.Phosphoryl,  Chloride  of,  709. 
Phosphuretted  Hydrogen  Gas.  826. 
Photo-Chemical  Induction,  677. 
Platiuic  Chloride,  Gil. 

Oxide,  611. 
Platinized  Charcoal,  770. 
Plfttinocyanides,  610. 
Platiuous  Chloride,  610. 
Cyanide,  611. 
Iodide,  611. 
Oxide,  610. 
Platammonium,  Bisalts  of,  615-616. 

Proto-salts  of,  618-614. 
Platinum  Black,  609. 

Bichloride  of,  611. 
Bioxide  of,  611. 
Bisulphide  of,  611. 
Class  of  Elements,  515. 
Estimation  and  Separation  of,  618. 
Extraction  of,  608. 
Inflammation  of  Mixed  Oxygen  and 
Hydrogen  by,  209. 


Platinum,  Metals  in  Native,  608. 

Process  of  rendering  malleable,  600. 
Protochloride  of,  610. 
Protosulphide  of,  610. 
Protoxide  of,  610. 
nesidues,  New  Method  of  treating, 

685. 
Salts,  Ammoniacal,  612-618. 
Sources  of,  608. 
Spongy,  609. 
Sulphocyanides  of,  612. 
Platosamine  and  Flatinamine,  618. 
Polar  Chains,  42. 

Formulte,  168. 
Liquids,  Separation  of,  205. 
Polarity,  Chemical,  187. 

Illustrations  from  Magnetical,  187. 
of  Arrangement,  192. 
Polarization,  Circular,  662. 

of  Light,  99,  216,  658. 
by  Reflection,  658. 
Refraction,  Single  and  Double^ 

658. 
Tourmalines,  660. 
Polarized  Light,  Nature  of,  660. 
Polybasite,  695. 
Polythionio  Series,  804. 
Porcelain  and  Earthenware,  418. 
Potash,  872. 

Acid  Antimoniate  of,  548. 

Metantimoniate  of,  548. 
Action  of  Chlorine  upon,  841. 
Antimoniates  of,  542. 
and  Antimony,  Oxalate  of,  541. 
Tartrate  of,  541. 
Glnoina,  Oxalate  of,  822. 
Lime,  Sulphate  of,  816. 
Soda,  Carbonate  of,  801. 
Sulphate  of,  808. 
Anrate  of,  608. 
Aurosulphite  of,  608. 
Bicarbonate  of,  878. 
Bichromate  of,  511. 
Bihydrosulphate  of,  874. 
Chlorate  of,  880. 
Chromate  of,  511. 
Estimation  of,  806, 
Felspar,  425. 
Hydrate  of,  872,  806. 
Hydrated  Bisulphate  of,  878. 

S.esquisulphate  of,  878. 
Hydriodate  of,  875. 
lodate  of,  881. 
Ley,  878. 

Molybdates  of,  523. 
Neutral  Metantimoniate  of,  548. 
Nitrate  of,  378. 
Valuation  of,  768. 
Perchlorate  of,  881. 
Preparation  of  Hydrate  of,  firom  tho 

Nitrate,  806. 
Red  Prassiate  of,  876. 
Sulphate  of,  878. 
Tellnrate  of,  528. 
Terchromate  of,  511. 
Yellow  Prussiate  of,  875. 
Potashes,  877. 
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PoUtsA,  872. 

Potassio-ferrous  Tartrate,  451. 
Potasaium,  Chloride  of,  375. 

and  Gold,  Chloride  of,  605. 
Iron,  Ferrocjanide  of,  449. 
Mercury,  Cyanide  of,  587. 
Rhodinm,  Chloride  of,  682. 
Chloroplatinate  of,  612. 
Chloroplatinite  of,  611. 
Class  of  Elements,  145. 
Compounds  of,  872. ' 
Cyanide  of,  876. 
Estimation  of,  806. 
Ferricyanide  of,  370. 
Ferroeyanide  of,  375. 
Improyemcnts  in  the  Preparation 
of,  by  Maresca  and  Donny,  805. 
Iodide  of,  375. 
lodo-aurate  of,  606. 
Pentasulptitde  of,  874. 
Peroxide  of,  874. 
Preparation  of,  869. 

by   Electrolysis, 
805. 
Properties  of,  872. 
Protosulpbide  of,  874. 
Salts  of  Oxide  of,  877. 
Separation  of,  from  Sodium,  808. 
Sulphides  of,  874. 
Sulphocyanide  of,  877. 
Telluride  of,  528. 
Trisulphide  of,  874. 
Priestley  on  Diffusion  of  Okses,  87. 
Prism,  Niofaors,  660. 
Proto-acetate  of  Iron,  451. 
Protobromide  of  Mercury,  585. 
Protocarburetted  Hydrogen :  —  Experiments 
on,  282. 
Preparation  and,  279. 
Properties  of,  279. 
Protoohloride  of  Carbon,  846. 

Sulphite  of,  792. 
Cerium,  560. 
Chromium,  506. 
Copper,  480. 
Iridium,  624. 
Iron,  449. 
Mercury,  582. 
Platinum,  610. 
Rhodium,  681 
Kutbenium,  684. 
Sulphur,  849. 
Tin,  496. 

Tin  and  Potassium,  497. 
Uranium,  555. 
Protocyanide  of  Iron,  449. 
Protofluoride  of  Cerium,  560. 
Proto-hydrate  of  Phosphoric  Acid,  820. 
Protiodide  of  Mercury,  585. 
Protosulpburets,  128. 
Protoxide  of  Cerium,  559. 

Chromium,  505. 
Cobalt,  460. 
Copper,  479. 
Didymium,  564. 
Iridium,  624. 
Iron,  448. 


Protoxide  of  Lanthanum,  563. 
Lead,  486. 
Mercnry,  579. 
Kiekel,  467. 
Nitrogen,  253. 
Palladium,  619. 
Platinum,  610. 
Rotheninm,  033. 
Tin,  495. 
Titanium,  502. 
SiWer,  594. 
Uranium,  554. 
Vanadium.  515. 
Protoxides  of  MeUla,  866,  688,  697. 
Protosalts    of  -  Ammo-platammoaium,  Q^ 

615. 
Platamaonium,  618,  614. 
Protosulphate  of  Iron,  451. 
Protosulpbide  of  Carbon,  782. 

Cerium,  560. 
Iron,  449. 
Meremy,  581. 
Platinum,  6ia 
Tin,  496. 
Prussian  Blue,  454. 
Prussine,  165. 
Psychrometer,  93. 
Purple  of  Cassins,  604. 
Pyrites,  Iron,  453. 

Pyrometer,  Daniell's  and  Wedgwood'a,  4S. 
Pyrophosphamie  Aoid,  790. 
Pyrophosphate  of  Soda,  822. 
Pyrophosphoric  Acid,  821. 

QuADRoxiDB  of  Binnuth.*550. 
Quartation  of  Gold  and  Stiver,  601. 
Quartx,  Lcfl  and  Right-handed,  661 
Quinine,  Fluorescence  of  Salts  of,  671.     , 


Racxmic  Acid,  Composition  of,  670. 
Radiant  Heat,  55. 
Radicals  and  Types,  692. 
Conjugate,  694. 
Equiralent  Values  of;  693. 
Rain,  Mean  Fall  of,  in  London.  248. 

in  Northern  Europe,  Central  Eorifil 

and  in  South  Europe,  248. 
in  York,  248. 
Rational  Formula  and  Atomio  Volomt,  M 
tion  between,  727. 

FormulsB,  692. 
Rays,  Chemical,  101. 

Deoxidising,  101. 
Reanmur,  Thermometer  of,  44. 
Reciprocal  Action  of  Salts,  705. 
Red  Lead,  487. 

Oxide  of  Copper,  477. 
Phosphorus,  785. 
Sulphur,  781. 
Reduction  of  the  Force  of  the  Electric  Ci 
rent  to  absolute  llechaaic 
Measure,  690. 
Test  for  Areenic,  535. 
ReilecUon,  Polarisation  by,  658. 
Refraction,  Polarisation  by,  659. 
Refrangibility  of  Light,  Change  oC  671. 
I  Regnault,  Condtnser-Hygromtter,  9L 
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Regnaalt,  Experiments  on  Gases,  82. 

Oxygen,  227. 
on  Atomic  Heat,  128. 

Eyaporation  of  Water,  91. 
the  Weight  of  Air,  245. 
Table  of  Specific  Heat,  49. 

the  Specific  Heat  of  Com- 
pounds, 124,  125. 
Gases,  642. 
Tension  of  Vapoar  of  Water  in 
Vacuo.  74,  646. 
Resistance  of  Metals,  Electric,  682. 
Respirators,  Charcoal,  769. 
Rheometers,  679. 
Rheostat,  688. 
Rhodio  Acid,  680. 

Rhodium  and  Potassium,  Chloride  of,  632. 
Estimation  and  Separation  of,  682. 
Oxides  of,  630. 
Protochlorideof,681. 
Sesquichloride  of,  681. 
Sources  and  Extraction  of,  680. 
Sulphate  of,  682. 
Sulphide  of,  631. 
Rose's  Fusible  Metal,  89. 
Roseocobaltia  Salts,  464. 
Rotatory  Power  and  Crystalline  Form,  Rela- 
tions between,  668. 
Power  induced  by  Magnetic  Action, 
.     216,  671. 
Power,  Specific,  664. 
Rathenic  Acid,  684. 
Oxide,  684. 
Sulphate,  684. 
Ruthenium,  Bioxide  of,  634. 

Bichloride  of,  634. 
.  Estimation  and  Separation  of, 
635. 
Protochloride  of,  634. 
Protoxide  of,  688. 
Sesquichloride  of,  684. 
Sources  and  Extraction  of,  688. 
Sesquioxide  of,  684. 
Sulphides  of,  685. 
Rutherford's  Thermometer,  21. 

• 

Saccharimetrt,  664. 

Saccharine  Solutions,  Table  for  the  Analysis 

of,  668. 
Safety  Lamp,  Davy's,  280. 
Sal-alembroth,  585. 

Saline    Solutions,   Tension  of  Vapours  of. 
647. 
Waters.  241. 
Sal  prunelle,  700. 
Salt,  Microcosmic,  896. 
Saltpetre,  878. 

Valuation  of,  168. 
Salt-radical  theory,  156. 

objections  to,  159.  ■ 
Salts  of  Cobalt,  Ammoniacal,  468. 

Tin,  496- 
Salts,  117. 

Acid,  Neutral,  and  Basic,  705. 
Amidogen,  or  Intermediate  Nitrides, 

715. 
Analysis  of  (Wenzel),  118. 


Salts,  Atomic  Volume  and  Specific  Gravity 
of.  Table  II.,  173. 
Bi  basic,  161. 
Calorific    Effect    of    Solution    of,    in 

Water,  766. 
Constitution  o%156,  166. 
Decomposition  of  Ammoniacal,  168. 

Insoluble,  by  Soluble, 

736. 
by  Diffusion,  745. 
Derivations  of  Double  by  Substitution, 

164. 
Diffusion  of,  740. 
Double,  168. 

Double  Decomposition  of,  188,  186. 
Formation  of,  by  Substitution,  166. 
Glauber's,  391. 
Heat  produced  in  the  Formation  of, 

755. 
Monobasic,  160. 

the  Type  of  Red  Chromato 
of  Potash,  168. 
Oxygen,  or  Intermediate  Oxides,  705. 
Reciprocal  Action  of,  733,  740. 
Solubility  of,  in  100  parts  of  Water, 

na 

Solution  of,  177. 
Sulphur,  708. 
Table  of,  124. 
Tribasic,  161. 

usually  denominated  Snbsalts,  162. 
Scale-oxide  of  Iron,  458. 
Scales  of  Chemical  Equivalents,  117,  118. 
Schweitzer,  Analysis  of  Sea-water,  241,  242 
Sea-salt,  162. 

Sea-wateir,  Analysis  of,  242. 
Secondary  Decomposition,  205. 
Seleniate  and  Selenite,  Mercuric,  591. 
Mercurous,  570. 

of  Baryta,    Decomposition  of,   bj 
Alkaline  Carbonates,  787. 
Selenio  A«id,  312. 
Selenide  of  Bismuth,  550. 
Selenides,  706. 
SeleniouR  Acid,  812. 

Selenium,  Allotropic  Modifications  of,  784. 
Estimation  of,  786. 
Preparation  of,  784. 
Properties  of,  811. 
Sesquicarbonate  of  Soda,  590. 
Sesquichloride  of  Carbon,  545. 

Cerium,  560. 
Chromium,  508. 
Gold,  605. 
Iridium,  624. 
Iron,  454. 
Ruthenium,  684. 
Sesqnioompounds  of  Iron,  451. 
Sesquicyanide  of  Cobalt,  468. 

Iron,  454. 
Sesquioxide  of  Cerium,  559. 

Chrominm,  606. 
Cobalt,  462. 
Gold,  608. 
Iron,  451. 
Lead,  487. 
Manganese,  456. 
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Sebquioxide  of  Nickel.  467. 
Osmium,  627. 
Katheoiam,  684. 
Titanium,  602. 
Tin.  497. 
Urauluo^  555. 
Sesquisulphide  of  Chromium,  50& 

Iron,  453. 
Gold,  G05. 
Silica  or  Silicic  Acid :  — 

DissoWed  by  Aclda,  290. 
Hydrates  of,  291,  777. 
Preparation  and  Properties  of^  290. 
Silicate  of  Soda  and  Lime,  400. 

Zinc,  473. 
Silicates,  291. 

Analysis  of,  779. 

of  Alumina,  401,  424. 

Lime  and  of  Alumina,  426. 
Magnesia,  418. 
Potash  and  Lead,  401. 
Soda,  379. 
Silicic  Acid  dissoWcd  by  Acids,  290.   . 
Estimation  of,  778. 
Formula  of,  777. 
Hydrates  of,  777. 
Siliciuretted  Hydrogen.  778. 
Silicon  or  Silicium,  Allotroplc  Modifications 
of,  776. 
Atomic  Weight  of,  777. 
Estimation  of,  778. 
Silicon  and  Hydrogen,   Chloride,   Bromide, 

and  Iodide  of,  777. 
Silicon,  Hydrated  Oxide  of,  778. 

Chloride  of,  848. 
.  Bromide  of,  852. 
Preparation  of,  280,  776. 
Properties  of,  289. 
SiWer,  Alloys  of,  509. 

Ammonio-nitrato  of,  584. 
Assay  of,  600. 

Bromide  of,  596.  # 

Carbonate  of,  597. 
Chromate  of,  513. 
Cupellation  of,  600. 
Cyanide  of,  597. 

Estimation  and  Separation  of,  599. 
Fluoride  of,  597. 
Hyposulpbate  of,  597. 
Hyposulphite  of,  597. 
Iodide  of,  596. 
Metallurgy  of,  592. 
Nitrate  of,  598. 
Nitrite  of,  598. 
Oxalate  of,  599. 
Peroxide  of,  590. 
Properties  of,  593. 
Protoxide  of.  594. 
Sources  of,  592. 
Suboxide  of,  593. 
Sulphate  of,  597. 
Sulphide  of,  595. 
SiWering,  607. 

Silrer-ores,  Treatment  of,  502. 
Silver- salts,  Reactions  of,  595. 
Simmler  and  \Vilde*s  Besearches  on  Liquid 
Diffusion,  745. 


Six's  Thermometer,  4C,  47. 
Soda,  878,  882. 

and  A  uric  Oxide,  11  jposnlphite  ol[  6Kl 
Aurous   Oxide,  llypovnlfkitt  o^ 

606. 
Potash,  Carbonate  of.  Sl*l. 
Sulphate  of,  80K 
Ash,  886. 
Alum,  423. 

Biborate  of  (Borax).  397. 
Bicarbonate  of,  889. 
Biphosphate,  896. 
Bipyrophosphate  of,  897. 
Bisulphate  of,  395. 
Carbonate  of,  384. 
Chlorate  of,  300. 
Chromate  of.  511. 
Fomaee,  893. 

Hydrates  of  Carbonate  of,  807. 
Hyposolphitc  of,  891. 
Metaphosphate  of.  822,  397. 
Molybdates  of,  623. 
Nitrate  of,  896. 
Phosphates  of,  396. 
Preparation  of  Carbonate  of.  froB  tk 

Sulphate,  892. 
Preparation  of  Sulphate  of.  3^3. 
Pyrophosphate  of,  322,  39t;. 
Salt,  886. 

Sesquicarbonate  of,  390. 
Silicates  of,  31»9. 
Solubility  of  CarbooaU  of,  807. 
Sulphate  of,  808. 
Solution  of  Caostic  382. 
Subphosphate  of,  896. 
Sulphate  of,  891. 
Sulphite  of,  891. 
Sodium,  382. 

Chloride  of,  388. 
Cliloroplatinate  of.  612. 
Compounds  of,  382. 
Estimation  and  Separation  of.  606. 
Preparation  of,  382.  806. 
Salts  of  Oxide  of,  384. 
Sulphides,  883. 
TelluriUe  of.  520. 
Solid  Bodies,  Atomic  Volume  of,  171,  728L 
Expansion  of,  33,  539. 
Specific  Heat  of,  C40. 
Soluble  Glass,  399. 
Solution,  Density  of  Salts,  737. 

of  Salu  in  Water.  Calorific  Effect 
756. 
Soils,  Estimation  of  Nitrates  in,  7GS. 
Spectra  exhibited  by  Coloured  Media,  C73. 
Specific  Heat,  48,  640. 

and  Heat  of  Combustion,  B^ 

lations  between,  704. 
of  Gases,  50. 
Atoms,  120. 
Carbon,  123. 
Grarity  of  Goses  and  Table  of;  l2Xy 

186. 
Rotatory  Power,  604. 
Stannic  Acid,  497. 

Chloride,  499. 

Salts,  Reactions  of,  498. 
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Stannic  Oxide,  407. 

Oxide,  Sulphate  and  Nitrate  of,  500. 
Sulphide,  499. 
Stannous  Iodide,  497. 
Oxide,  495. 

Salts,  Reactions  of,  495. 
Sulphate  and  Nitrate,  497. 
Steam  as  a  AIoTing  Power,  70. 
Latent  Heat  of,  69,  644. 
Steel,  446. 
Stoneware,  427 
Strontia,  726. 

Estimation  of,  814. 

Separation  of,  from  Baryta,  814. 

Lime,  817. 
Sulphate,  Hyposulphite,  and  Nitrate 
of.  Carbonate  of,  406,  407. 
Strontium,  Binoxide  and  Chloride  of,  406. 

Preparation    and  Properties    of, 
406,  502. 
Subchloride  of  Carbon,  847. 
Subnitrates  of  Bismuth,  661. 

Copper,  482. 
Suboxide  or  Bioxide  of  Bismuth,  549. 
Lead,  486. 
Silver,  594. 
Subsalts,  162. 

Substances,  Table  of  Elementary,  102-105. 
Substitution,  Formation  of  Compounds  by, 

182. 
Subsulphide  of  Iron,  449. 
Succinate,  Ferric,  456. 
Sugars,  Optical  Rotatory  Power  of,  664-669. 
Snlphamide,  811. 
Sulphantimonic  Acid,  544. 
Sulphate  and  Nitrate  of  Stannio  Oxide,  600. 
Ceroso-ceric,  660. 
Cerous,  560. 
Chromic,  508. 
Chromons,  506. 
Cupric,  481. 
Ferric,  455. 
Ferroso- Ferric,  455. 
Ferrous,  451. 
Iridic,  625. 
Manganic,  435. 
Manganous,  484. 
Mercuric,  588, 
Mercurous,  579. 
of  Alumina,  421. 
Ammonium,  810. 
Antimony,  541. 
Bismuth,  551. 
Cadmium,  475. 
Didymium,  565. 
Didymium,  Solubility  o(  666. 
Lanthanum,  568. 
Lead,  490. 
Lime,  412. 

and  Potash,  816. 
Magnesia,  417. 
Nickel,  468. 
Potash,  878. 

and  Soda,  808. 
Rhodium,  632. 
Silver,  597. 
Soda,  Solubility  of,  808. 

54 


Sulphate  of  Strontia,  406. 

Titanic  Acid,  603. 
Uranyl,  556. 
Zinc,  472. 
Osmic,  627. 
Potassio-Fefric,  466. 
Stannous,  497. 
Ruthenio,  634. 
Uranic,  556. 
Uranous,  556. 
Sulphates,  800. 

Earthy,  deoomposition  of^  by  Al- 
kaline Carbonates,  786. 
Formulas  of  Neutral,  158. 
Atomic   Volume    of    First    and 
Second  Class,  174. 
Sulphide,  Aurio,  606. 
Aureus,  602. 
Cuprous,  478. 
Ferric  453. 
Ferrous,  449. 
Mercuric,  581. 
Mercurous,  577. 
SUnnic,  499. 
Stannous,  496. 
of  Aluminium,  421. 
Carbon,  solid,  811. 
Didymium,  565. 
Lead,  488. 
Manganese,  438. 
Nitrogen,  309,  781. 
Rhodium,  631. 
Silver,  595. 
TanUlum,  669. 
Zinc,  472. 
Sulphides,  Alcoholic,  706. 

Classification  of,  706. 
of  Ammonium,  809. 
Arsenic,  533. 
Carbon,  309,  782. 
Cobalt,  468. 
Iridium,  624. 
Molybdenum,  524. 
Osmium,  629. 
Phosphorus,  328,  787. 
Potassium,  874. 
Ruthenium,  635. 
Tellurium,  528. 
Tungsten,  519. 
Sulphite,  Chromous,  506. 
Cuprous,  479. 
of  Cadmium,  475. 
Didymium,  666. 
Perchloride  of  Carbon,  791. 
Protochloride  of  Carbon,  791. 
Soda,  391. 
Sulphites,  Mercuric,  588. 
their  uses,  295. 
Sulphobromide  of  Phosphorus,  796. 
Sulphocarbonic  Acid,  309. 
Sulphochloride  of  Mercury,  684. 
Sulphocyanide  of  Aluminium,  421. 

Platinum,  612. 
Potassium,  877. 
Sulphur,  Allotropio  modifications  of,  292, 
780. 
ftnd  Carbon,  309,  782. 
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Sulphur,  and  Chlorine,  848,  798. 
Hydrogen,  806. 
Nitrogen,  809,  781. 
Phosphorus,  328,  787. 
Bromide  of,  351. 
Chlorides  of,  848,  798. 
ClasH  of  Elements,  144. 
'  Estimation  of,  788. 
Heat  of.  Combustion  of,  in  Tarious 

states,  754. 
Iodide  of.  358. 
Melting  Point  of.  292,  781. 
Properties  of,  292. 
Protochloride  of,  849. 
Uses  of.  298. 
Sulphur-Acids,  706. 
Sulphur-Compounds,    Atomio    Volume    of 

Liquids,  725. 
Sulphur-Ethers,  Compound,  704. 
Sulphur-Salts,  707. 

Sulphuric  Acid  Action  of,  on  Pentochloride 

of  Phosphorus,  794. 
Density  of,  299. 
Estimation  of,  788. 
Formation    of.    Anhydrous, 

781. 
Heat  evolved  in  the  Hydra- 
tion of,  755. 
Hydrates  of,  300. 
Manufacture  of,  207. 
Preparation  of,  296. 
Properties  of;  298. 
Uses.  800. 
Sulphurous  Acid,  Action  of,  on  Pentachloride 

of  Phosphorus,  704. 
Estimation  of;  788. 
its  Preparation.  294. 
Properties  of,  295. 
Series,  295. 

Volumetric  Estimation  of, 
801. 
Water,  800. 
Sulphuryl,  Chloride  of,  708,  795. 
Supersaturated  Solutiona  of  Carbonate  of 
Soda,  807. 

Sulphate  of,  891. 
Symbols,  110. 

TANOEKT-Compass,  679. 
Tantolio  Acid,  567. 

Hydrated,  567. 
Reactions  of;  571. 
Tantalous  Acid,  564. 
Tantalum,  5C6. 

Bromide  of,  669. 
Chloride  of,  569. 
Estimation    and    Separatioii   of, 

560. 
Fluoride  of,  569. 
Sulphate  of,  569. 
Tartar-emetic,  541. 

Tartaric  Acid,  Circular  PolariiatioQ  of,  669. 
Inactive,  670. 
Pyro-electricity  of,  670. 
Tartrate  of  Potash  and  Antimony,  541. 

Potassio-ferrous,  451. 
Tattxate  of  Tin  and  Potassium,  497. 
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Telluretted  Hydrogen,  528. 
Tellurio  Acid,  527. 

Anhydroufl,  527. 
Telluridee,  528,  706. 
Tellurium,  525. 

Chloritles  of,  52t$. 
Estimation    and    Si 

529. 
Sulphides  of,  528. 
Telluroua  Acid,  526. 

Anhydrous,  520. 
Temperature,  Capt^  Parry  and  Back  ea,  59l 
Equilibrium  of.  57. 
of  the  .\tmo!phere.  2M. 
Table    of  intereftticg  Cirna- 
stances  in  tlw  Ranre  oU  i*, 
4& 
Tension  of  Vaponrs,  645. 
Terbia,  420. 
Terbium,  429. 

Tcrchloride  of  Antimony,  541. 
Bismuth,  651. 
Bismuth     and     AiamoiuiB, 

551. 
Iridium,  625. 
Osmium,  628. 
Phosphorus,  849. 
Terchromate  of  Potash.  611. 
Terflnoride  of  Antimouy,  541. 
Chromium.  518. 
Teriodide  of  Bismuth,  551. 
Tcroxide  of  Bismuth,  549. 
Hydrogen.  7tjO. 
Iridium,  624. 
Tersulphide  of  Antimony.  540. 

Bismuth,  550. 
Test- Acid,  880. 

Tetramercurammonium,  Chloride  o£  581 

Iodide  cf,  &!?!. 
Nitrate  of,  5&dL 
Tetrametaphosphorio  Acid,  787. 
Tetrathionic  Acid,  805. 
Tetartohedry,  668. 
Thcnardite,  392. 
Thionamic  .Acid,  801. 
Thionamide,  794,  801. 
Theory  of  Heat,  Dynamical,  654. 
Thermometer,  Celsius,  43. 

Crichton's,  43. 
Description  of  the.  41. 
Kegnault^a  and  Pierre'i  Bt- 

marks  on  the,  43. 
Reaumur'a,  44. 
Ratherford's,  46. 
Sanctorio*8     and    Sir    Joki 

Leslie's,  41. 
Six's,  46. 
Thermo-multiplier,  55. 
Thionyl,  Chloride  of,  794. 
Thorina,  429. 
Thorium,  428,  429. 
Tin,  494. 

Alloys  of,  500. 
Ammonio-Cbloride  of,  499. 
and  Antimony,  Separation  of.  '>47. 
Potassium,  Bichloride  of,  500. 

Protochloride  of,  49i 
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Tin,  and  Potassium,  Tartrate  of,  497. 
Sulphur,  Bichloride  of,  409. 
Bichloride  of,  with  Oxychloride  of  Phos- 
•     phorus,  600. 
Bichloride    of,  with    Pentachloride    of 

Phosphorus,  409. 
Bioxide  of,  497. 
Bisulphide  of,  499. 
Chlorosulphide  of,  499. 
Class,  148. 

Estimation  and  Separation  of,  501. 
Protochloride  of,  49G. 
Protiodide  of,  496. 
Protoxide  of,  495. 
Protosulphate  of,  497. 
Protosulphide  of,  496. 
Separation    of,    from    Antimony    and 

Arsenic,  546. 
Sesquioxide  of,  497. 
Volumetric  Estimation  of,  501. 
Tinkal,  397. 

Titanic  Acid,  Sulphate  of,  503. 
Titanic  Oxide,  502. 
Titanium,  501. 

Bichloride  of,  503. 
Bifluoride  of,  503. 
Bisulphide  of,  503. 
Bromide  of,  503. 
,  Estimation    and    Separation    of, 
504. 
Nitrides  of,  503. 
Nitro-cjanide  of,  504. 
Protoxide  of,  502. 
Sesquioxide  of,  502. 
Touchstone,  G08. 

Tourmalines,  Polarization  bj,  6C0. 
Transpiration  of  Gases,  85. 
Triamides,  Primary,  714. 
Tribasic  Phosphate  of  Water,  320. 

Salts,  161. 
Trimetaphosphoric  Acid,  787. 
Trirocrcurammonium,  Nitrate  of,  589. 
Triphosphamide,  787. 
Trisul-hyposulphuric  Acid,  305. 
Trithionic  Acid,  305. 
Tuugstates,  518. 

and  Chromates,  Atomio  Volume 
of,  174. 
Tungsten,  517. 

Class  of  Elements,  148. 
Chlorides  of,  520. 
Estimation  and  Separation  of,  520. 
Phosphides  of,  520. 
Sulphides  of,  519. 
Tongstic  Acid,  517. 

Action  of,  on  Pentachloride  of  Phos- 
phorus, 795. 
Oxide,  577. 
TambuU's  Blue,  450. 
Type-Metal,  545. 
Types  and  Radicals,  692. 

Ultbamarine,  402. 

Unitary  System.  Qerhardf  s,  687. 

Uranic  Nitrate,  556. 

Oxide,  555. 

Oxide,  Compounds  of,  with  Bases,  557. 


Uranic  Phosphates,  656. 

Salts,  Fluorescence  of,  556,  672. 
Sulphate,  656. 
Uranium,  Estimation  and  Separation  of,  557. 
Sources  and  Extraction  of,  553. 
Protochloride  of,  555. 
Protoxide  of,  664. 
Sesquioxide  of,  555. 
Uranoso-uronic  Oxide,  655. 
Uranous  Chloride,  555. 
Oxide,  554. 
Sulphate,  555. 
Uranyl  and  Potassium.  Chloride  of,  556. 
Arseniate  of,  557. 
Chloride  of,  556. 
Nitrate  of,  556. 
Phosphates  of,  556. 
Sulphate  of,  556. 
Utricular  Sulphur,  781. 

Vanadic  Acid,  515. 
Vanadium,  516. 

Bioxide  of,  515. 

Estimation  and  Separation  of,  616. 
Protoxide  of,  515. 
Vaporization,  62-76. 

Brix*6  Experiments  on,  69. 
Despretz's  Experiments  on,  69. 
Table    of   Elastic   Force    of 
Steam,  68. 
Vapour,  24a 

of  Water,  238. 
Vapours  and  Gases,  Specific  Heat  of,  642. 

Table   of  the   Specific  Gravity  of 

Gases  and,  130-136. 
Latent  Heat  of,  642.  « 

Tension  of,  645. 

of  Saline  Solutions,  Tension  of,  647. 
Vapour-Tolume,  Uniformity  of,  689. 
Varvicito,  437. 
Ventilators,  Charcoal,  679. 
Voltaic  Circle,  Application  of  the,  to  Chemi- 
cal Synthesis.  206. 
(Compound),  107. 
Liquid  Elements  of  the,  202. 
(Simple),  191. 
Solid  Elements  of  the,  200. 
without  a  Positive  Metal,  208. 
with  the  Connecting  Wire  un- 
broken, 193. 
with     the    Connecting    Wire 

broken,  196. 
Theoretical  Considerations  on, 
211. 
Bnttery,  198. 

Current,  Heating  Power  of,  684. 
Endosmose,  207. 
Instruments,  218 
Protection  of  Metals,  201. 
Secondary  Decomposition,  205. 
Transference  of  Ions,  206. 
Volta-meter,  221. 
Volume,  Atomic,  of  Liquids,  720. 
Volume,  Atomic,  of  Solids,  173,  728. 
Volumetric     Analysis,     Bunsen*8     General 

Method  of,  801. 
Volatility  of  Carbon,  679. 
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Wateb,  Absobptios  or  Gases  by,  81,  239, 
763. 
BontigD7*8  Experiments  on  the  Ebul- 
lition of,  64. 
Calorific  Effect  of  Solution  of  Salts 

in,  756. 
Calorimeter,  752. 
Capacity  of;  for  Heat,  48. 
Chalybeate,  241. 
Circulation  of,  39. 
Constitutional,  162. 
Contraction  of,  38. 
Ebullition  of,  63. 
Estimation  of,  762. 
Expansion  of,  89,  639. 
Estimation  of  Nitrogen  in,  768. 
ETsporation  of  (Dalton),  91. 
Filter,  240. 
Heat  eYoWed  in  the  combination  of 

Sulphuric  Acid  with,  756. 
Latent  Heat  of,  61,  642. 

Vapour  of,  61,  644. 
Leslie's  Process  for  Freezing  of,  75. 
Oxygenated,  155. 
Properties  of,  238. 
Saline,  241. 
Schweitzer's  Analyns  of  Sea-Water, 

241. 
Specific  Heat  of,  641. 
Sulphurous,  241. 
Table  of  Boiling  Point  of,  66. 
Tension  of  Vapour  of,  74,  646. 


Water,   Tribasie  Phosphate  of,  CiO. 

Type,  693,  007. 

Uses  of,  240. 

Vapour  of,  2:>«. 
Wedgwood's  Pyrometer,  45. 
White  Lead,  489. 
Williamson's   Theory   of   Chemical   \cLot, 

738. 
Winds,  246. 
Wood,  Heat-conducting  Power  of,  €31 

Yellow  Prusslitb  of  Potasu,  375. 
Yttria,  420. 
Yttrium,  428,  429. 

Zisc,  116,  200,  470. 

Alloys  of,  473. 

Carbonate  of,  472. 

Chloride  of,  472. 

Estimation  and  Separation  of,  473. 

Iodide  of,  472. 

Nitrate  of,  473. 

Oxide  of,  472. 

Phosphate  of,  473. 

Plates,  Amalgamation  of  the,  Ki 

Silicate  of,  473. 

Sources  and  Extraction  of,  470. 

Sulphate  of,  472. 

Sulphide  of,  472. 
Zincoid,  200. 
Zirconia,  480. 
Zirconium,  428,  430. 
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QUARTERLT  8UMMART, 

being  a  very  fall  and  complete  abstract,  methodically  arranfed,  of  the 

nPKOTBIBRTS  MB  D1SC0TEU8I  IH  TD  HBICiL  WBRCB. 

This  department  of  the  Journal,  so  important  to  the  practitinc  phpiciaB,  ia  the  oCned  d  ■lyiHs 
eare  on  the  part  of  the  editor.  It  is  classified  and  arranged  under  difefent  heads,  thus  laetliistag 
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THE  PRACTICAL  ANATOMIST;  or,  The  Student's  Guide  iu  the  Dissecting. 

ROOM.     With  266  illustrations.    In  one  handsome  royal  12mo.  yoliime,  of  over  600  pages,  lea- 
ther.   $2  25. 

In  the  arrangement  of  this  work,  the  author  has  endeavored  to  present  a  complete  and  thorough 
courijie  of  di^bections  in  a  clearer  and  more  available  form  for  practical  use,  than  has  as  yet  been 
accompliirhed.  The  chapters  follow  each  other  in  the  order  in  which  disnectioos  are  uoually  con- 
ducted in  this  country,  and  as  each  r^ion  is  taken  up,  every  detail  regarding  it  is  fully  described 
and  illustrated,  so  that  the  student  is  not  interrupted  in  his  kbors,  by  the  necessity  of  reterring  from 
one  portion  of  the  volume  to  another. 


However  valuable  may  be  the  '*  Dissector's 
Gaidea'*  which  we,  of  late,  have  had  occasion  to 
notice,  we  feel  confident  that  the  work  of  Dr.  Allen 
ia  saperior  to  anjr  of  them.  We  believe  with  the 
author,  that  none  is  so  folly  illastrated  as  thii,  and 
the  arrangement  of  the  work  ia  sueh  as  to  facilitate 
the  labniB  of  the  student  in  acquiring  a  thoroogh 
practical  knowledge  of  Anatomy.  We  most  eordi- 
aJly  recommend  it  to  their  WitUution,^W*4t€m  Lai^ 
cetj  Dec.  16^. 

We  believe  it  to  be  one  of  the  most  useful  works 
upon  the  subject  ever  written.  It  ia  handsomely 
illustrated,  well  printed,  and  will  be  found  of  con- 
venient size  for  uae  in  the  dissecting-room. — Med. 
Examiiur^  Dee.  1856. 


From  Prof.  J.  8.  Davis f  Uniitersity  of  Va. 

I  am  not  acquainted  with  any  work  that  attains  so 
fully  the  object  which  it  proposes. 

From  C.  P.  Fanner ^  M.  D.,  Demonstrator ^  Uni- 
venity  of  Michigan. 

I  have  examined  the  work  briefly,  but  even  this 
examination  has  convinced  me  that  it  is  an  excellent 
guide  for  the  Dissector,  lu  illustrations  are  beau- 
tiful, and  more  than  I  have  seen  in  a  work  of  this 
kind,  i  shall  take  great  pleasure  in  recommending 
it  to  my  classes  as  the  ttxt'book  ^  the  dtsMcitng- 
room. 


ANALYTICAL    COMPENDIUM 
OF  MEDICAL  SCIENCE,  containing  Anatomy,  Phvsiology,  Surgery,  Midwifery, 

Chemistry,  Materia  Medica,  Therapeutics,  and  Practice  of  Medicine.  By  John  Nsill,  M.  D., 
and  F.  G.  Smith,  M.  D.  New  and  enlarged  edition,  one  thick  volume  royal  12mo.  of  over 
1000  pages,  with  374  Ulustrations.    $3  00.    QT  See  Null,  p.  24. 


ABEL  (F.  A.),   F.  C.8.   AND   C.    L.    BLOXAM. 
HANDBOOK  OF  CHEMISTRY,  Theoretical,  Practical,  and  Technical ;  with  a 

Recommendatory  Preface  by  Dr.  Hofmamn.    In  one  large  octavo  volume,  extra  cloth,  of  66S 
pages,  with  illustrations.    $3  25. 

A8HWELL  (SAMUEL),  M.  D., 

Obstetrie  Physician  and  Lectorer  to  Guy's  Hospital,  Loadoa. 

A  PRACTICAL  TREATISE  ON  THE  DISEASES  PECULIAR  TO  WOMEN. 

Illustrated  by  Cases  derived  from  Hospital  and  Private  Practice.  Third  American,  from  the  Third 
and  revised  London  edition.    In  one  octavo  volume,  extra  cloth,  of  528  pages.    $3  00. 

The  most  nseful  practical  work  on  the  subject  in 
the  Knelish  language.  — .Bsstim  Med.  aetd  Surg. 
Journal. 


The  most  able,  and  certainly  the  most  standard 
and  practical,  work  on  female  diseases  that  we  have 
yet  UMia.—MedicO'Chirurgieal  Review. 


ARNOTT  (NEILL),  M.D. 
ELEMENTS    OF    PHYSICS;    or  Natural  Philosophy,  General  and  Medical. 

Written  for  universal  use,  in  plain  or  non-technical  language.  A  new  edition,  by  Isaac  Hays, 
M.  D.  Complete  in  one  octavo  volume,  leather,  of  484  pages,  with  about  twe  hundred  illustra- 
tions.   92  50.  

BUDD  (QEORQE),  M.  D.,  F.  R.  8., 

Professor  of  Medicine  in  King's  College,  London. 

ON  DISEASES  OP  THE  LIVER.      Third  American,  from  the  third  and 

enlarged  London  edition.  In  one  very  handsome  octavo  volume,  extra  cloth,  with  four  beauti- 
fully colored  plates,  and  numerous  wood-cuts.    pp.  500.    %Z  00.    {Just  Issued.) 

IIhs  fairly  eitnblished  for  itself  a  place  among[  the 
elasaiciil  medical  literature  of  England.— A rttuA 
eind  Foreign  Medico-Chir.  Review ^  July,  1857. 

Dr.  Budd's  Treutise  on  Diseases  of  the  Liver  is 
now  a  atundard  work  in  Medical  literature,  and  dur- 
ing the  intervals  which  have  elapsed  between  the 
successive  editions,  Ihe  author  has  incorporated  into 
the  text  the  most  giriking  novelties  which  have  cha- 
racterized the  recent  progress  of  hepatic  physiology 
and  pathology ;  so  that  although  the  sice  of  the  book 


is  not  perceptibly  changed,  the  history  of  liver  dis- 
eases is  made  more  complete,  and  is  kept  upon  a  level 
with  the  progress  of  modem  science,  it  is  the  best 
work  on  Diseoses  of  the  Liver  in  any  language. — 
London  Med.  ISmes  and  Gazette,  June  37,  U57. 

This  work,  now  the  standard  book  of  reference  on 
the  difeases  of  which  it  treats,  has  been  carefully 
revised,  and  many  new  illustrations  of  the  views  uf 
the  learned  author  added  in  the  present  edition. — 
Dublin  Quarterly  Journal,  Aug.  1697. 


BT  THX  SAXX  A17THOR. 


ON  THE  ORGANIC  DISEASES  AND  FUNCTIONAL  DISORDERS  OF 

THE  STOMACH.    In  one  neat  octavo  volume,  extra  doth.    %\  50. 


From  the  high  position  occupied  by  Dr.  Badd  as 
a  teacher,  a  writer,  and  a  practitioner,  it  is  almost 
Bsedless  to  state  that  the  present  book  may  be  eoo- 
■ulted  with  great  advantage.  It  is  written  man  easy 


style,  the  subjects  are  well  arranged,  and  the  practi- 
cal precepts,  both  of  diagnoais  and  treatment,  denote 
the  character  o(  a  thuushtful  and  eaperieacad  phy- 
sician.—Lsfulon  Msd.  Tiwus  mmd  Oamette. 


BLANCHARD  de  LEA'S  MEDICAL 


BUCKNILL  (J.  C),  M.  D.. 

Medical  Saperintemleiit  of  the  Deron  Coaaty  Laaatie  Aajlaai ;  aad 

DANIEL  H.  TUKE,  M.  D., 

Vieiting  Medical  Ofieer  to  the  York  Retreat. 

A  MANUAL  OF  PSYCHOLOGICAL  MEDICINE;  contMning  the  Eiiuwj, 

NoK>logyf  Description,  StatiMic»,  Diainioeit,  Patholofnr,  and  Treatmenl  of  INsANlTT.  Wilh 
a  Plate.    In  one  handsome  octavo  Tolame,  of  536  pegva.    S3  00.    (N^m  Rtrndf,  Joly,  l$f« ) 

The  increase  of  mental  du*ea»e  in  its  varioos  forms,  and  the  diflloalt  questions  to  whKh  i  .« 
«on9tantiy  K>v^"S  *^^f  render  the  subject  one  of  daily  enhanced  interest,  requiring  oo  the  per;  ^ 
the  physician  a  constantly  greater  familiarity  with  this,  the  most  perplexing  branch  of  his  pmw 
sion.  At  the  bame  time  there  has  been  for  some  years  no  work  accaessible  in  this  cvontrr,  prei^i* 
ing  the  results  of  recent  investigations  in  the  Diagnosis  and  Prognosis  of  Iniianity,  and  t*be  wif\.x 
improved  methods  of  treatment  which  have  done  so  moch  in  alJeriatiog  the  ooQ<iitioo  or  rvMnr-ax 
the  health  of  the  insane.  To  fill  this  vacancy  the  publishers  present  this  volome,  assved  tU: 
the  dtstinglli^hed  reputation  and  experience  of  the  authors  will  entitle  it  at  oooe  to  the  cua&kbct 
of  both  student  and  practitioner,  its  scope  may  be  gathered  from  the  declaration  of  the  soiber^ 
that  *' their  aim  has  oeen  to  supply  a  text  book  whicn  may  serve  as  a  gr^ide  in  the  aoqai^ttkc  ■^. 
such  knowledge,  sufficiently  elementary  to  be  adapted  to  the  wants  <^  the  student,  and  »uftcirs:.i 
modern  in  iu»  views  and  explicit  in  its  teaching  to  sufioe  for  the  demands  of  the  praciitioaer.'* 


BENNETT  (J.    HUQHE8),   M.  D.,    F.  R.  8.  E., 

Professor  of  Clinical  Medicine  in  the  University  of  Ediabargh,  Ac. 

THE  PATHOLOGY  AND  TREATMENT  OF  PULMONARY  TUBERCU- 
LOSIS, and  on  the  Local  Medication  of  Pharyngeal  and  Laryngeal  Diseases  frequently  Bt«4ikn 
for  or  associated  with,  Phthisis.    One  vol.  9vo.,extra  cloth,  with  wood-cuts.    pp.  130.    $1  iH*. 


BENNETT  (HENRY),  M.  D. 

A  PRACTICAL  TREATISE   ON  INFLAMMATION  OF  THE  UTERUS, 

ITS  CERVIX  AND  APPENDAGES,  and  on  its  connection  with  Uterine  Di«ea«e.  Ft«ri 
American,  from  the  third  and  revised  London  edition.  To  which  is  added  (JW/y,  IS-*^).  a  Rcrtiv 
OF  THB  PaxsENT  Statk  OP  Utkrink  PATHoix>aT.  In  one  neat  octavo  Tolume.  extra  ru^h..  oi 
500  pages,  with  wood-cuts.    92  00.    Also,  the  <* Review,"  for  aale  separate.     Price  00  oent>. 

This  edition  has  been  carefally  revieed  and  eltered,  i  Wbea,  a  few  yearn  back,  the  tret  editma  of  tiit 
and  various  additions  have  been  made,  which  reader  preeeat  work  waa  pabliahed,  the  sabjeet  was  •••€■.• 
it  more  complete,  and,  if  possiblej,  more  worthy  of  most  entirely  nakaowa  to  the  obatetneal  crie^rMt 
the  hiffh  appreciation  in  which  it  is  held  by  the  of  the  day :  aad  evca  aow  we  have  reasoa  w  ka  « 
medical  prolessioa  throo^hoat  the  world.  A  copy  that  the  bulk  of  the  profesaioa  are  aot  fullf  tlirt » 
should  be  in  the  possession  of  every  physiciaa.— '  theimportanceandfrMueacy  of  the  disease  «rfvt»rk 
Journal  and  JUvUw.  \  it  takes  cojrnizaaea.    The  nreeeat  editKia  is  »•  nstt 

0- 


CharUston  Med.  foumtU  and  lUvuw. 


it  takes  cognizaaea.    The  pi 
We  are  firmly  o(  opinion  that  in  proportion  aa  a  '  •"'•''^■Jj* 'fj'  •"**  iaiproved,  that  it  cae  sran 
kaowledge  of  uterine  diseases  becomes  more  appre>   **•  eoosidered  the  aame  work.— l^r.  Kmmkmi't 
etated,  this  work  will  be  proportionably  established  ,  ^'*'** 
as  a  text-book  in  the  profession.— Ti^s  Lanctt.  ^ 


BIRD  (QOLDINQ),  A.  M.,  M.  D.,  &c. 

URINARY     DEPOSITS:     THEIR    DIAGNOSIS,    PATHOLOGY,   AND 

THERAPEUTICAL  INDICATIONS.  A  new  and  enlamd  American,  from  a  Uie  lapni^W 
London  edition.  With  over  sixty  illustrations.  In  one  royal  r2mo.  voA,  eztrm  cioth.  pp.  372.  $:  JB 
It  can  scarcely  be  necessary  for  as  to  say  anything    exteosiua  and  satiefaetory  employaMat  of  o«r  tkcrt- 


of  the  ineraia  of  this  well-known  Treatise,  which  so 
admirably  brtags  into  practical  applieatioa  the  re- 
salts  of  those  microscopical  and  chemical  researches 
regarding  the  physiology  and  pathology  of  the  ori- 
nary  aecretion,  which  nave  eoatributed  so  much  to 
the  increaae  of  oar  diagnostic  powers,  and  to  the 


peatie  resonrees.  la  the  preparatiea  o^  tlitt  an 
editioB  oi  his  work,  it  la  obvioas  that  Dr.  G^Muif 
Bird  has  spared  no  paiaa  to  render  it  a  faithfal  trftr- 
aentatioB  of  the  preseat  state  of  ecieatiie  k»fv)«->n 
on  theanhjeet  itemhraces.~T]he  BriiMAaatf  ft^ctO 
M^dicO'Ckirmrgitml  SUvUw, 


BOWMAN  (JOHN  E.)«  M.D. 

PRACTICAL  HANDBOOK   OF   MEDICAL   CHEMISTRY.    Second  Am^ 

ricao,  from  the  third  and  revised  English  Eldition.    In  one  neat  voliune,  royal  12nH>.,  extra  ciot^ 
with  Buoieroua  illustrations,    pp.  288.    %i  25. 

BT  THK  SAMK  AtTTHOE. 

INTRODUCTION   TO    PRACTICAL   CHEiMISTRY,    INCLUDING  ANA- 

LVHIS.    Second  American,  from  the  second  and  revised  London  ^itioQ.     With aaneronf  ilior- 
trations.    In  one  neat  vol.,  royal  12mo.,  extra  cloth,    pp.  3d0.    SI  25. 


BKALR  ON  THE  LAWS  OF  HEALTH  IN  RE- 
LATION TO  MIND  AND  BODY.  A  Series  of 
I^ttrri  from  aa  old  Practitioner  to  a  Patient.  In 
ooe  viiluiue,  niyul  ISino.,  extra  cloth,     pp.  S96. 

lit'SMNAN'S  PHYSIOLOGY  OF  ANIMAL  AND 

VK(iKTA.BLK  LIFE;  a  Popular  Treatise  on  the 

Faaeiions  and  Phenomena  of  Organic  Life.    In 

one  handsome  royal  Vimo.  volume,  extra  cloth, 

With  over  4lW  illastrations.    pp.  SM.    80  cents. 


BUCKLER  ON  THE  KTIOLOGT.  PATHOMK.Y. 
AND  TREATMENT  OF  FIBRO-BRONCHt- 
TIS  AND  RHEUMATIC  PNEUMONIA  li 
one  8vo.  volume,  extra  cloth,    pp.  ISO.    ft  US 

BLOOD  AND  URINB JMANUALS  0>)  BV 
JOHN  WILLIAM  ORIFPITU,  G.  OWEN 
REESE,  AND  ALFRED  MARKWICK.  l>r« 
thick  volame,  royal  Item.,  extra  cloth,  viu 
pUtea.    pp.  400.    fl  «S. 

BRODIB>8  CLINICAL  LSCTUEES  ON  iVt- 
OERY.    IvoI.Ovo.  eloU.    SMpp.    tl  tf 


AND   BOIBHTIPIC   PUBLICATIONS. 


A  MANUAL  OF  MEDICAL  DIAGNOSIS;    beiog  m  ADklytris  of  the  Signs 

UocMTOToluiile,»lr*ciolh,or434pagei.   |3  00.    (<lfuw 


id  Symplom*  orDiieue. 
or  woikt  ciclDtlrclr  daToUd 

tinlr.'bDl  few,  aBil,  IherrTon,  la 
lh<  pHWiit  work.  tt—m.  Bl|-- 
c<iDfcrr«l  ■  f  real  ttroi  npiiD  m 


to  this  InpurUBl     ddslcnsr,  ii  Iht  nbJMt  nT  Dr. 
niHMBd,  comnrm-     Tbn  Uik  of  cnrnpoaiu  ineb  ■  1 

thepnbllutlDBnf    mrncuB  liKblor. , .     . 

hirii  *  Ijb  kB>a    It  ill  m  mUBsr  wUali  bimu  oar  rnoai 
ipprobailo.    Ha  ii  no  men 


Jr.  Barclir,  i 
1,  Iha  jMtdic 


haviBf  oecBplad,  Tur  ■  ting  period,  Iha  poaitlan  of  work  IhoroocblT,  aad  In  ■Itemptloc  to  parTami 
Mgdicai  Ruiurar  at  8t.  Oeorca'a  HoipiUI,  poa-  '  haa  aol  eioaedadUi  powara — Britiik  Mt*.  Jturm 
•rtwd  adTaoMfca  ror  enrteol  i&amUaa  aad  rail-     Da«.  t,  iaS7. 


whieh  bar 
ayatematln 


o  IkB  lot  (rf  bat  Imw,  «U«  ii 


uwa  or  aav  othat  ooutrr.    H«  haa  auafBlly  .  p^uea.nB  iBdiipsaBbIa  KsMaaUr  to  the  pi 
Itmatind  I&a  r«olta  of  hu  obaer«Uon  of  o.«    m<h»(.-W.  -1.  Mbd.  Jtunul,  AprU,  IMS. 
ilx  IhuDBBBd  patiCBti,  aad  br  hla  dl]i«Bea  aad  I  .,      >,  ,_,,,... 

laioaa  alauiBnlion,  iba  profewlon^aa  b««"  !  „  *V!?"""^' ;?7'\°'S'?."^,'?' 'SV  ,*  ' 


DTanlaot  aid  raliabia  i  C""*'""" 

t  of  OlHUMa  tbat  it  baa  bsad  I  "*T<  »Se. 

er  W  aiaaiae ;  we  wu,  tlura-  ,     V/a  bopa  tha  votania  will  bava 

clay'i  work,  that,  from  biar—    '—•-■' ' ..j—..  _»  . 

M  tba  daily  «mar-    ^reia^joMlii 


frneieaof  Iba  practitlmiar,  wltb  ^iob  wo  araaa-  i  TkU  Mitm^  */ ttidlcmi  DiuwiiVi  Ii  onaoftha 
qnaiBisdi  O"'! "  "•J^*,,"'";' t^^''^^*^  '  mott  wlaDiifls,  naaftil,  tndlBM«iBiiTB  worka  of  iia 
mead  por  rimileri,  e^Miallj  tb«  TOUf*' ,<nwa,  to  Hinj  Uial  wa  bars  irar  reul,  aad  Dt.  Barelay  baa 
nnt  tboroaKtalTaiid itadr dil»ain>lTlhewtalMrork,     j„„    ^ „„;„ ^ n«iie.|  '«.iMB,  m  eolleetiag, 


. viit  not 

Smi-n  tttd.  ud  Smrg.  Jtmm.,  Hatch,  ISS. 
To  gl*a  tU*  iBrsrmatiaa,  to  HipplT  thli  ads 


—1  la  eoliectiag, 

lalyiiBf  the  aliiaa  aad  armptoma 
HI.  — ff.  J.  tUd.  tmd  a%rt.  Rt- 


BARLOW  (OEORQE  H,l,  M.  D. 

PhyrieUB  to  Sar'i  Hoapltai,  LoBdoe,  Jca. 

A  MANUAL  OF  THE  PRACTICE  OF  MEDIOINB.    With  Additions  by  D. 
p.  CoNDii,  M.  D.,  Bulhor  of"  A  Fr^clical  Tnaluw  an  DUeuca  oTChildren,"  &o. 
Tolumv,  IcBlber,  of  orer  flOO  pogei.     (3  73. 


byD. 


War* 


sodDi.  Barlow's  Haa 


have  bad  frmiaeat  0( 


ul,  aad  MHud.    It  la 


•wUestlr  t  praotieal  work,  sontaiaiv  ail  tbat  la 
eutntlal,  and  aTotdiaa  Btalaaa  tbaoraJkaJ  dlaeaa- 
aioB.    Tba  work  lappTlaa  what  ha*  baaa  ' 


palholoar  rud  ralloul  rlawa  of 
H.    It  Ii  eipeelallr  lateadad  for 
lor  jmatltioaoti,  bnt  It 


,    Tba  Am 


UMlOMtAto-^MllIaBiHlUa.  TbMtaddi- 
Jw  two  Irat  or  wblBh  ata  udiipauabi*  to  a 
B  pnMte  daatlaad  for  Ik*  ptofitBaloB  io  thia 


. ,  _..  axaeated  with  frwl .. _ 

datltji  bTDr.  Coadia,  who  baa  bIbd  aaaceadad 
pllT  la  ImitatlBf  tbe  oonalaeiieaa  and  ettaror 
ityia  which  ira  lash  agmable  cban 
tba  oriflBal  book,— Sailm  Ktil.  aad  Si 


I  ebaraelarlatiiM  cf 


BARTLETT  (ELISHA),  M.  D. 

THE  HTSTORT,  DIAGNOSIS,  AND  TREATMENT  OF  THE  FEVERS 

OF  THE  UNITED  STATES.    A  new  tnd  (erued  «diUon.    Bjr  Alo^izo  Cuki,  M.D.,  Prof. 

of  Pathology  and  Practical  Medicine  in  Itae  N.  T.  College  of  Phyiioiani  and  Suigeoiu,  dec.    la 


le  octavo  Ttdnme,  of  iix  liiaulred  pafMi  ei 
ii  Itae  batt  work  oa  fanr*  wblob  baa  anaaaled 


IC-JiS 


11  iafornialioB  •ilil- 
iai  apOD  tbe  aaDleei  la  taa  uid  and  New  World,  as 
that  thadoelriaaiBdnBcadBiabrnagbtdoWBto  tba 
lateat  dale  In  the  proaraai  of  tbl*  depaitment  of 
McdieiiSciEBBe.— laiidMjrfd.riiHiaadaaulM, 
May  1, 1807. 

Tbia  eicrilent  noaograph  on  febrile  diaeaaa,  boa 
stiHiddeiervedlyhlghafBoelUtralBablleatioa,  It 
will  be  leen  Ibat  illiaa  now  mebad  ita  foartb  odi- 
tioB  under  the  npaiTitioa  of  Prof.  A.  Clark,  a  faa- 
tleioui  who,  from  the  aatara  of  bla  atndlea  aad  par- 
(□it),  ii  well  ctlOBlated  10  appiaelata  aad  diacDii 


Si 


«ololh.    PriMt; 
logy.    HlianBoMUi 
IhS  work,  aad  h«*a 
Hob  of  the  aeiaaee  aa  ii  axiiiiai  lae 
in  regard  to  tbia  elaaa  of  dlaaaaaa,— Sa 
oiad  Sutf,  Jtmrmmt,  Mar.  iat7. 

'  It  la  a  work  of  araat  piaatieal  Tain*  and  iateml, 
•antalalaa  aaoh  laat  ia  aew  nlatlTa  to  tbe  oerual 
dtaoaaaa  of  which  It  Ireaia,  and,  witbtbe  addilloai 
orthaadllOT,lafall*ap  totba  tiniaa.  Thadiaiinct. 
iTeflaiirea  of  tbadiUbrent  forrai  of  fever  are  plaiBl* 
aad  foreibly  poTtiaTed.aad  the  lUeeof  damaraatioB 
oarefallyaad  aaeBralely  diawa,  aad  to  tba  Ameri- 
can praalilloaat  la  a  nora  Talaable  aad  aafa  rtalde 
-"aa  Bay  work  oa  ferer  extul.-OjIi'i  Had.  ««( 
itt.Jar — '  "—  "'• 


Lf,  Ubj,  ISIT. 


BROWN  (ISAAC  BAKER), 

Batgeon-AccoBebeai  to  Bt.  Mary 'a  Huapllal,  k«. 

ON  SOME  DISEASES  OF  WOMEN  ADMPrriNG  OF  SURGICAL  TREAT- 
MENT.   With  handaome  illiulratioaa.    OiM  vol.  Svo,  extra  cloth,  pp.  37S.    tl  flO. 
Hr.  Brown  baa  earned  for  blnualt  a  higb  rapaEa-   and  mant  tba  earefol  altonllea  of  every  n 

Hon  in  tbe  operatire  treatBMit  of  aoadrv  diaaooea  •-•~.-i.— -  _j...-.-.t.-—  i r 

aad  iaJDriaa  to  which  feiBalaa  arepeoaltailj  nbjeel. 

Wa  con  traly  aay  of  bia  work  that  M  la  anUaportaat 

addition  to  obatatrieal  Ulenlara.    The  operatlya 

Boneatioaa  aad  eoalrtvanccB  wUeh  Mr.  Biowa  de- 

■erilwa,  eihibU  Bach  prBWical  oagadty  aad  lUII, 


temala  adiaplaJata  a  pattoftbelr  indy  aadpiaeHM. 


aaraplalnta  a  p«i 
iaQHrtarivJ^ 


BLANCUARD  fc  LEA'S   MEDICAL 


CARPENTER  (WILLIAM   B.),  M.  D.,  F.  R.  S.,  Ate, 

Examiner  in  Phyiiology  uid  ComparatiTe  Anntomy  in  the  UniTersitjr  of  L««d>«. 

PRINCIPLES  OF  HUMAN  PHYSIOLOGY;  with  their  chief  applicinDt*  to 

p!&ychulogyi  Pathology,  Therapeutics,  Hygiene,  and  Forea^ie  Medicine.  A  new  Amrr-A;.  ir>a 
the  last  aiid  revised  London  edition.  Witii  nearly  three  hundred  illuHtmliotis.  Ed:ird.  v  --.  hi,*i  - 
tion^,  by  Francis  Gl'RNiy  Smith,  M.D.,  ProfeMor  ofthe  luMitutes  of  Medicine  m  the  i'^s>r  ■ 
vania  Medical  College,  fire.  In  one  very  large  and  beautiful  octavo  volume,  of  ab<.»ut  0:3''  t^^  rc 
large  pugei»,  hand»omely  printed  and  ■trongly  bound  in  leather,  with  raii«d  lMuid».    %4  \Si. 

In  the  preparation  of  thi«  new  edition,  the  author  has  spared  no  labor  to  render  it.  a«  berti  ■•. 
a  complete  and  lucid  expoi^ition  of  the  most  advanced  condition  of  itit  inipi>rtiunt  ^ub'rt  Tx 
amount  of  the  additions  required  to  effect  this  object  thoroughly,  joined  to  the  former  larsv  -.»-  * 
the  volume,  p^e^enting  objections  ari>iug  from  the  unwieldy  bulk  of  tbe  wi»rk,  he  ha.«  om  *W  ■. 
thoM^  poriiouH  not  bearing  directly  upon  Human  Physioloot,  det(ignin|r  tu  iiic(»r^ir«:r  ib<-i  : 
bi.H  forihcoming  Treatise  on  General  Phtsiologt.  As  a  full  and  accurate  texi-b(>«ik  m  tbr  Pi  - 
biology  of  Man,  the  work  in  its  pre»enl  condition  therefore  preHpnls  even  greater  c.A:(r.«  i^^ 
the  ^l1ldent  and  physician  than  those  which  have  heretofore  won  for  it  the  very  wide  aodL'.-r- 
gui>hcd  favor  wnich  it  has  so  long  enjoyed.  The  additions  of  Prof.  Smith  wilt  be  K>urd  if  >Li.>r 
whatever  may  have  been  wanting  to  the  American  student,  while  the  introduction  ul  inkr\  -.kt 
ill u-^i rut  ions,  and  the  most  careful  mecham'cal  execution,  render  the  volume  one  ot  the  ia>^«:  1  ■ 
truriive  as  yet  is>ued. 

For  upwards  of  thirteen  years  Dr.  Carpenter's'  To  en  lorize  this  great  work  tron  Id  b«8cr^-.':f 
work  hfi«  been  coniidrred  by  the  profession  gene-  ;  We  ahoald  observe,  hnweTer.  chat  in  i!<  ■  n  .1 
rally,  both  iu  this  country  and  England,  as  the  moat  the  author  has  reimitlelled  a  larfe  pi-ti.'B  :  i  • 
valuable  compendium  un  the  sabject  of  physioIcigT'  1.  furmer,  and  the  editor  has  added  norh  nati«r  •  1  -.- 
in  our  language.  Thia  distinction  it  owes  to  the  high  '  tercst,  especially  in  the  ftirm  nf  illuatnU'>Bk  Up 
attiiiunienis  and  unwearied  industry  of  its  aceoin-  '■  may  eonndratly  reenminrad  it  as  the  bu*\  <•  es'  • 

fiUtliMliiuthor.  The  present  edition  (which,  like  the  work  on  Haman  Physif»li«y  in  our  ^rt'.it* - 
iiBt  American  one,  wus  prepared  by  the  author  him- j  ifoMtlum  Mtd.  amd  Surg.  Jomrmal,  ItrtrLiifT,  >«. 
self),  is  the  reault  <»f  auc-h  extensive  revision,  that  it  The  most  complete  work  on  the  seieter  11  ■ .: 
niny  aliiiitst  be  considered  a  new  work.  We  need 
harilly  say,  in  concluding  this  brief  notice,  that  while 
the  work  ia  iudiHpcnaable  to  every  student  of  medi- 
cine in  this  country,  it  will  amply  repav  the  practi- 
tionir  for  its  perusal  bv  the  interest  and  value  of  its 
contents.— ^oslsa  Mtd.  oad  Surg.  JoMrtuU, 

Thia  is  a  standard  work — the  text-book  asad  by  all 
medu'ttl  studenta  who  read  the  Knglish  language. 
It  haa  piiasrd  through  several  editions  in  order  to  The  profesaioa  of  this  ensmtry,  aad  perfcaTi  t.M 
keep  puce  with  ihe  rapidly  growing  science  of  Phy-  of  Europe,  have  aaxioasly  and  for  stiniet  1  air  «v<iT-^: 
siojogy.    Nothing  need  be  said  in  its  praise,  for  its  '  the  announeemeat  of  thia  new  editi'tn  *tf  Carpriu-  ■ 


language.— ^in.  Mtd.  Jmmmal. 

The  BKMt  complete  w^irk  Bt>w  exunt  ia  oar  Uz 
gaage.-— iV.  O.  Mtd.  Regitur. 

The  best  text-book  la  the  laB|Enagc  oa  tk:ia- 
tensive  subject. — Lomd«m  Mfd.  Tnmt*. 

A  complete  cychtpsedia  of  this  branch  of  wc-nt 
— JV.  r.  Med.  Tim€M. 


ysiology. 
say  of  its  defect  a,  for  they  only  sp;>ear  where  the  <  many  years  been  aln 
seience  of  which  it  treats  is  incomplete.— fKff««ni 
Lance  I. 


meriiBHre  universally  known;  we  have  nothing  to|  Human  Physiology.    His  f^nrnfr  e«ijtii>aa  btr^ 

many  }'ears  been  alDiiiat  the  «iaJy  rrxc-Nmk  •«  P- 


The  most  complete  exposition  of  physiolngy  which 
ny  UiiiKUiige  can  at  pr 
Mtd.-C'HiTurg.  lUriew. 


any  UiiiKUiige  can  at  present  give.— Brit,  and  Fbr. 

i'ki 


siobigy  in  all  oor  medical  srh<*tis,  and  ita  rim  ■• 
tion  among  the  profesaion  has  t>eea  ur«ur{vt»af^;  :r 
any  work  in  any  departateat  of  mr«lical  arrra-* 


It  is  quite  anaeeesaary  for  as  t«>  apeak  >^  tsi 


work  as  its  merits  would   justify.    Tbe  merr  r: 
nouneement  of  itsappearaBce  will  atTwd  ihr  t  f.  m: 
Thf  grciiieat,  the  moat  reliable,  and  the  best  book  1  piruaure  to  every  student  *>{  PhraM>i'.«y.  u*.   ■     a 
on  the  Bulijrrt  which  we  know  of  in  the  English  '  perusal  will  be  of   infinite    srrvire  in'  a^«  i-.<-    / 
language.— 5i«tAo«eops.  |  physiological  science. — Okip  Mtd-mtdSmrg  jnrm 

BT  TMI  8AMK  AI7THOE.     {Lotfiy  IsSUed.) 

PRINCIPLES  OF  COMPARATIVE  PHYSIOLOGY.     New  Americao,  f r  = 

the  Fourth  and  Revised  London  edition.    In  one  large  and  hand>^me  octavo  volume,  w.ia  •  ■  '* 
three  hundred  beautiful  illustrations,    pp.  752.    Extra  clolh,  $4  80 ;  leather,  rai-<d  band».  S* . 

The  delay  which  has  existed  in  the  appearance  of  this  work  has  been  caused  by  the  ver%  th».-  -rti 
reviMt'ii  and  rcnuHlellin^  which  it  has  undergone  at  the  hand*  of  the  author,  an^  the  larjre  Rurt**- 
of  new  ill  list  rations  which  have  been  prepared  for  it.  It  will,  tbereforv,  he  found  aimifoi  in?' 
work-,  niul  liilly  up  to  the  day  in  every  department  of  the  subject,  rendering  it  a  re!:aNe  in: '»» » 
for  hi  I  student'^  engaged  in  thii»  branch  of  science.  Every  efibrt  has  lieen  made  lo  render  ;*-  ! .  •- 
grupliioul  liiii>h  and  mechanical  execution  worthy  of  ita  exalted  reputaliou,  and  eredi;^c  !•■  :.e 
me<-haiii('al  arts  of  thi^  coimtry. 

TMv  txMik  ahould  nf>t  only  be  read  but  thoronrhly )  no  mnn,  we  believe,  conld  have  brr^ctit  ?•«  s<  r*- 
stuih'-:'  hy  cwry  iiirmtMT  of  the  profession.    None  '  cessfnl  an  issue  as  Dr.  Carpenter,     ft  re^n  'w    ■ 
arr  ttMiwiiic  (tr  old,  to  lie  benefited  thereby.    But'  its  pr«iducli<m  a  phyaiofogiat  at  once  rfer^  i-.  '-r' 
eaperi.'illy  to  the  younger  class  would  we  cordiallv  i  the  labors  of  others    capable  r*f  likiLg  a  f^'f* 
ConiMiciMi  It  iinlteHi  dutti  of  anv  work  in  the  Knglian    eritieal,and  unprejudired  view  of  ih><ar  til-  -■  i*' 


of  eomhinmg  the  varied,  heter>igrnei>aa  lU'i'^r-k 
his  diapoaal,  so  as  tt>  furin  an' tiarir.i<n.   ■:•  w 
We  feel  that  this  abstract  can  girr  ttr  rra,.r'  •  v- 
imperfect  idea  of  the  fulaeaa  of  ihu  w-irk.  asu  i 


lnnKHiisr'"  to  qualify  thrm  for  the  reception  sad  com 
prflinisiDQ  Ml  ihnHf  truiha  which  are  dailv  being  de- 
velop*'d  in  i>liyi«ii»'iigy. — Medicml  C9ftn*etUr. 

Without  prficiuiing  to  it,  it  is  an  eneyclop«Hlia  of ;  ,.        ,.  ^     >.  ...       *    ■     ^. 

the  nutij^Ti,  ii.MiirHip  imd  complete  in  all  reapecla—    *****  ^f  "•  ■O'fyi  m  the  admirable  maaa^r  11  w  -t 
a  truiliiul  rr»fli«iiiiii  of  the  advanced  state  at  which  I  "»aleriaJ  has  been  bnHight,  from  the  «•  *•  ri'   .1 

the   winue   han   now   arrived.- IlaMta  <i|Mirl«r/v  I  ■""'^";  ^  ^'""^^^"••••^•"'P'*''^"'"  '  '  * '"   •"  ' 
Journnl  uf  M^diral  Snt^nc:  ")'/*»  "«  reasoning  it  e(*nCains,  or  -t  the  c  r.-.-ii 

...  c       .  .     1,         •»    .^         ^    *    1.     '  of  language  ia  which  the  wh<»le  is  ch-ihed     >     •:§ 

A  truly  miiuYiificrnt  work-in  Itself  a  perfect  phy-    profesaioa  only,  but  Che  scientific  wonC  at    ..-rr 
ainlogical  atiidy  —  fianirfa|r'«  il6iiff«rf.  '^         ...       f»... 

Thia  work  aumda  without  its  fellow.    It  la  one 
few  nii*.n  vu  V:.\itv>v«<^v>u\4  Ua.>i««»ii«t\akfta;  it  ia  one 


must  feel  deeply  indebted  Ut  l>r  Car^iesipr  r 

Ereat  work.    It  mast,  indeed,  add  laigeiy  r«ea  U 
is  high  repatatioB. — Maditmi  IVaus. 


AND   SCIENTIFIC   PUBLICATIONS. 


CARPENTER  (WILLIAM  B.),  M.  D.|  F.  R.  S., 

Examiner  is  Phyaiology  and  ComptratiTe  Anatomy  in  the  Univenf  ty  of  London. 

THE  MICROSCOPE  AND  ITS  REVELATIONS.  With  an  AppeDdix  con- 
taining the  Applications  of  the  MicroMope  to  Clinical  Medicine,  &c.  By  F.  G.  Smith,  M.  D. 
Illustrated  by  four  hundred  and  thirty-four  beautiful  engravings  on  wood.  In  one  large  and  veijr 
handtionie  octavo  volume,  of  724  pages,  extra  cloth,  $4  00 ;  leatlier,  #4  90. 

Dr.  Carpenter's  position  as  a  microscopist  and  physiologist,  and  his  great  experience  as  a  teacher 
eminently  quaJily  him  to  produce  what  has  long  been  wanted — a  good  text-book  on  the  practical 
use  of  the  microi^cope.  In  the  present  volume  his  object  has  been,  as  stated  in  his  Preface,  « to 
combine,  within  a  moderate  compass,  that  information  with  regard  to  the  use  of  his  *  tools,'  which 
is  most  essential  to  tiie  working  microscopist,  with  such  an  account  of  the  objects  best  fitted  for 
his  study,  as  might  qualify  him  to  comprehend  what  he  observes,  and  mi^ht  thus  prepare  him  to 
benefit  science,  whilst  expanding  and  refreshing;  his  own  mind  *'  That  he  has  succeeded  in  accom- 
plishing thi((,  no  one  acquainted  with  his  previous  labors  can  doubt. 

The  great  importance  of  the  microscope  as  a  means  of  diagnosis,  and  the  number  of  microsoo- 
pii^ts  who  are  also  phy}>icians,  have  induced  the  American  publishers,  with  the  author's  approval,  to 
add  an  Appendix,  carefully  prepared  by  Professor  Smith,  on  the  applications  of  the  instrument  to 
clinical  medicine,  together  with  an  account  of  American  Microscopes,  their  modifications  and 
acce!*sories.  This  portion  of  the  work  is  illustrated  with  nearly  one  hundred  wood-cuts,  and,  it  is 
hoped,  will  adapt  the  volume  more  particularly  to  the  use  of  the  American  student. 

Every  care  has  been  taken  in  the  mechanical  execution  of  the  work,  which  ia  confidently  pr«- 
aenied  as  in  no  respect  inferior  to  the  choicest  productions  of  the  London  press. 

The  mode  in  which  the  author  has  executed  his  intentions  may  be  gathered  from  the  following 
condensed  synopsis  of  the 

CONTENTS. 

IiTTRODUCTioN — History  of  the  Microscope.  Chap.  I.  Optical  Pridciples  of  the  Microaoope. 
Chap.  IL  Construction  of  the  Microscope.  Chap.  III.  Accessory  Apparatus.  Chap.  iV. 
Management  of  the  Microscope  Chap.  V.  Preparation,  Mounting,  and  Collection  of  Objecta. 
Chap.  VL  Microscopic  Forms  of  ^^egetable  Life — Protophytes.  Chap.  VII.  Higher  Cryptoga- 
mia.  Chap.  VIII.  Phanerogamic  Plants.  Chap.  IX.  Microscopic  Forms  of  Animal  Life — Pro« 
tozoa — Animalcules.  Chap.  X.  Poraminifera,  Polycystina.  and  Sponges.  Chap.  XI.  Zoophytes. 
Chap.  XII.  £chinodermata.  Chap.  XIII.  Polysoa  and  Compound  Tunicata.  Chap.  XIV. 
Molluscous  Animals  Generally.  Chap.  XV.  Annulosa.  Chap.  XVI.  Crustacea.  Chap.  XVII. 
Insects  and  Arachnida.  Chap.  XVIII.  Vertebrated  Animals.  Chap.  XIX.  Applications  of  the 
Microscope  to  Geology.  Chap.  XX.  Inorganic  or  Mineral  Kingdom — ^Polarisation.  Appxhdix. 
Microscope  as  a  means  of  Diagnosis — Injections — ^Microscopes  of  American  Manufacture. 


Those  who  are  acqosinted  with  Dr.  Carpenter's 
previous  writings  on  Animal  and  Vegetable  Physio- 
logy,  will  fullv  understand  how  vast  a  store  of  know- 
ledge he  is  able  to  bring  to  bear  apon  so  eomprehea- 
sive  a  subject  as  the  revelations  of  the  mieroseope ; 
and  even  those  who  have  no  previous  acquaintance 
'writh  the  eonstraetion  or  uses  of  this  instrument, 
will  find  abundance  of  information  conveyed  in  clear 
and  simple  language. — Med.  Tima  m$id  &»M*tU, 

Although  originally  not  intended  as  a  strictly 


medical  work,  the  additions  bv  Prof.  Smith  rive  it 
a  p<*sitive  claim  npon  the  professicm,  for  which  we 
donbt  not  be  will  receive  tneir  sincere  thanks.  In- 
deed, we  know  not  where  the  student  of  medicine 
will  find  such  a  complete  and  satisfactory  collection 
of  micmseopie  facts  bearing  npon  physiology  aad 
practical  medicine  as  is  contained  in  Prof.  Smitn^s 
appendix;  and  this  of  itself,  it  seems  to  us,  is  fully 
worth  the  coat  of  the  volume. — LouinrilU  MtdietU 
IU9Uw,  Nov.  1866. 


BT  THS  SAME  AUTHOE. 


ELEMENTS  (OR  MANUAL)  OF  PHYSIOLOGY,  INCLUDING  PHYSIO- 
LOGICAL ANATOMY.  Second  American,  from  a  new  and  revised  London  edition.  With 
one  hundred  and  ninety  illnstratioiis.  In  one  very  handsome  oetavo  volume,  leather,  pp.  566. 
%3  00. 

In  publishing  the  first  edition  of  this  work,  its  title  was  altered  from  that  of  the  London  volume, 
by  the  substitution  of  the  word  <*  Elements'*  for  that  of  "  Manual,"  and  with  the  author's  sanction 
the  title  of  **  Elements"  is  still  retained  as  being  more  expressive  of  the  scope  of  tiie  treatise. 


To  say  that  it  is  the  best  manual  of  Physiolojgy 
now  before  the  public,  would  not  do  suficient  justice 
to  the  aathor.— £i^a<e  MtdictU  Jwrnfrwal, 

la  his  former  works  it  would  seem  that  he  had 
exhaasted  the  subject  of  Physiologv.  In  the  preaoit, 
he  gives  the  essence,  as  it  were,  oftae  whole.— Jlf.  7. 
j9Mmal  o/  Mtdicin€ . 


Those  who  have  occasion  for  an  elementary  trea- 
tise on  Physiology,  cannot  do  better  than  to  possess 
themselves  of  the  nanaa!  of  Dr.  Carpenter.— Asd^eal 


The  best  and  most  eomplete  expose  of  modern 
Physiology,  in  one  volume,  extant  ia  the  KiigHf^ 
language.— 01.  Levis  JCfdieai  Jonmol. 


BT  THS  SAMS  AUTHOK.    (Preparing,) 

PRINCIPLES  OF  GENERAL  PHYSIOLOGY,  INCLUDING  ORGANIC 

CHEMISTKY  AND  HISTOLOGY.    With  a  General  Sketch  oi  the  Vegetable  and  Animal 
Kingdom.    In  one  large  and  very  handsome  oetavo  volume,  with  several  hundred  illustrations. 

The  subject  of  general  physiology  having  been  omitted  in  the  last  editions  ol  the  author's  "  Com- 
parative Physiology"  and  "Human  Physiology,"  he  has  undertaken  to  prepare  a  volume  which 
shall  present  it  more  thoroughly  and  fully  than  has  yet  been  attempted,  and  which  may  be  regarded 
as  an  introduction  to  his  other  works. 

BT  THB  8AMB  AITTHOB. 

A  PRIZE  ESSAY  ON  THE  USE  OP  ALCOHOLIC  LIQUORS  IN  HEALTH 

AND  DISEASE.    New  edition,  with  a  Preftoe  by  D.  F.  CoRDtK^  K.  H.^  ^sA  tsG^snaf&sQna  ^ 
seientiilo  words.    In  one  ne«t  iJtaio.  voliime,  cum  dolk.  v^.  Yl^.   ^  tmMk. 
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BLANCUARD  &  LEA'S  MKDIGAIi 


CONDIE  (O.  F.),  M.  D.,  Ike. 
A  PRACTICAL  TREATISE  ON  THE  DISEASES  OF  CHILDREN.  Wih 

editiou,  revised  and  augmented.    In  one  large  volume,  8vo.,  leather,  of  oearly  7S0  page*.  lA  A, 

From  thk  Autroe's  Fmmwacm, 

The  demand  for  another  edition  ha#  afforded  the  author  an  opportuBity  of  again  nhjeetnt  ibe 
entire  treatise  to  a  careful  revision,  and  of  incorporating  in  it  every  important  obf«rvaiiuo  rnvwlN 
since  the  appearance  of  the  last  edition,  in  reference  to  the  pathology  and  tberapeuiio*  ul  the  wexxni 
ditteaffes  ot  which  it  treats. 

In  the  preparation  of  the  present  edition,  as  in  those  which  have  preceded,  while  the  aathor  hu 
appropriated  to  his  uf^  every  important  fact  that  he  has  found  recorded  in  the  work*  ut  u:hrf>. 
having  a  direct  bearing  upon  either  ot  the  subjects  of  which  he  treats,  and  the  numer^MU'  va.ual>;e 
obitervatTonft — pathological  as  well  as  predict— dispertmd  throughout  tlie  page*  ut  the  okiLc*: 
journals  of  Europe  and  America,  he  ha»,  nevertheless,  relied  chiefly  upon  hia  own  observAiKw^  u.c 
experience,  acauired  during  a  long  and  somewhat  extensive  priictioe,  and  ander  circamsunce*  fc- 
culiarly  well  adapted  for  the  clinical  study  of  the  dit)ea»es  of  early  life. 

Every  species  of  hypothetical  reasoning  has,  as  much  as  possible,  been  avoided.  The  author  hu 
endeavored  throughout  the  work  to  confine  himself  to  a  siinple  statement  of  well-ascertaiord  p«..'a» 
logical  facts,  and  plain  therapeutical  directions — his  chief^desire  being  to  render  it  what  kU  tiiic 
imports  it  to  be,  a  practical  trxatise  on  the  disxasrs  or  cuii«derm. 

taaJ  expcfleacc  t^Mt  lo 
aoplcle  m'lthuvt  a  ev^ 
9/  Mtdieim*. 


Dr. 


We  feel 


red  fro« 


M^M.  Condie's  aeholarahip,  aoamea^  iadustry,  and|  twictc^i  >mwiou  wnnm  aviaa 
practical  sense  are  manifested  in  this,  as  in  all  his  i  phyaieian^a  library  ean  be  euan 
numrroua  contribatioDs  to  acience. — Dr.  Holmu^s  \  of  thiawork. — N.  Y.  Jttmmi  m. 
Report  to  tht  American  Medical  Assoeiatio: 

Taken  aaa  whole,  in  onr  jadgment.  Dr.  Condie's 
Treatise  ia  the  one  from  the  perusal  of  which  the 
practitioner  in  this  country  will  riaewith  the  great- 
est aatisfaction.— IFejMni  JoanuU  ^f  Mtdicitu  and 
Surfrp. 

One  of  the  beat  works  apon  the  Diseases  of  Chil- 
dren in  the  Engliah  language. — Wuum  Lanett. 

Perhaps  the  most  foil  and  eomplete  work  now  be- 
fore the  profession  of  the  United  Statea ;  indeed,  we 
may  aay  in  the  English  language.  It  ia  vastier  aupe- 
rior  to  most  of  its  predecessors. — Transylvanta  Mtd, 
Journal, 


A  veritable  papdiatrie  encyelnpvdia.  and  aa  b<ai<  r 
to  American  medical  litemtare. — OMe  Mfditmt  Mi 
Surgical  Journal. 

We  feel  pertnaded  that  the  Ameriean  aedieai  pro- 
fession win  soon  regard  it  sol  only  aa  a  vrrr  r.«4. 
but  aa  the  vsmv  bsst  **  Praelieal  Treaitar'oa  tie 
Diseaaes  of  Children.**— jiapurwas  Mtdieai  Joa*n»l 


We  proBoaneed  the  firat  ediiion  to  be  Ue  ya 
work  on  the  diaeaaes  of  children  ia  tfte  Raffiia 
lanauage.  and,  notwithatanding  all  that  has  bevt 
ppbliahed,  we  still  regard  it  ia  lllat  lighi.~Jfr4Ma* 
Ji2a«ita«r. 


CHRI8TISON  (ROBERT),  M.  D.,  V.  P.  R.  8.  E.,  &c. 
A  DISPENSATORY;  or.  Commentary  on  the  PhannacopGeias  of  Great  Briuia 

and  thu  United  States;  comprising  the  Natural  History,  Description,  Chemistry,  Phannac>.  Ac- 
tions, Uses,  and  Doses  of  the  Articles  of  the  Materia  Medica.  Second  editioa,  reviaed  and  .a- 
proved,  with  a  Supplement  containing  the  most  important  New  Remedtea.  With  copiow  Addh 
tions,  and  two  hwidred  and  thirteen  large  wood-engravings.  By  K.  Imijcsfbld  Gkiffitb,  M  D. 
In  one  very  laiige  and  handsome  octavo  volume,  leather,  raised  band»,  of^ver  1000  pages.  $3  '^ 


COOPER  (BRAN8BY  B.),  F.  R.  8. 

LECTURES  ON  THE  PRINCIPLES  AND   PRACTICE    OP  SURGERY. 

in  one  very  large  octavo  volume,  extra  cloth,  of  750  pagea.    $3  00. 


COOPER  ON  DISLOCATIONS  AND  FRAC- 
TURKS  OP  THE  JOINTS— Edited  by  BaAifasT 
B.  Coopsn,  F.  R.  S.,  fte.  With  additional  Ob> 
aervationa  by  Prof.  J.  C.  WABasa.  A  new  Ame- 
rican edition.  In  one  handaome  octavo  volume, 
extra  cloth,  of  about  500  pagea,  with  nameroua 
illuatrationa  on  wood.    93  i5. 

COOPER  ON  THE  ANATOMY  AND  DI9RASES 
OF  THE  BREAST,  with  twanty-five  Miaceilane- 
oui  and  Surgical  Papera.  One  larce  volume,  im- 
perial 8vo.,  extra  cloth,  with  Sfii  figurea,  on  98 
plates.    9*2  50. 

COOPER  ON  THE  STRUCTURE  AND  DIS- 
EASES OF  THE  TESTIS,  AND  ON  TUB 
THY.MUS  GLAND.  One  vol.  imperuU  Bvo.,  ex- 
tra cluih,  with  177  figurea  on  t9  platea.    ^  00. 


COPLAND  ON  THE  CAUSESl,  NATURE.  .\XD 
TREATMENT  OK  PAI^8V  AND  APOPLEXY 
in  one  voiame,  royal  Itoio.,  extra  rteU 

80cenU. 


n- 


CLYMER  ON  FEVRRS:  THEIR  DIAG.NOSI^. 
PATHOLOGY,  AND  TREATMENT  la  .-et 
octavo  volume,  leather,  of  Mo  p^ea.    •!  » 

COLOMBAT  DB  LMBER8  ON  THE  DISCA:«r^ 
OF  FEMALES,  awl  oa  Che  apteiai  Brcieat  4 
their  Sex.  Tranalated,  with  atony  NmCcs  ue  Jhc- 
dittoaa,  by  C.  D.  Mataa,  hi.  D.  Sceuail  cU.ti-c. 
reviaed  and  improved.  In  one  large  vtHaac,  «- 
Uvo,  leather,  with  aaaMro«a  wood-eata.  ••■  7» 
83  50. 


CARSON  (JOSEPH),  M.  D., 

Profeaaor  of  Materia  Mediea  and  Pharmacy  in  the  Uaiveraity  of  Penney  h 

SYNOPSIS  OF  THE  COURSE  OF  LECTURES  ON  MATERIA  MEDICA 

AND  PHAB.MACY,  delivered  in  the  Univeraity  ol  Penniylvania.    Secuod  and  ivviacd  tit- 
tion.    In  one  very  neat  oouvo  volume,  extra  cloth,  of  208  pagea.    $1  Su. 


GURLINQ   (T.    B.),   F.  R.S., 
Surgeon  to  the  London  Hoapital,  Preaideat  of  the  Hanteriaa  Soeiety,  Ae 

A  YBAQTIGAL  TREATISE  ON  DISEASES  OF  THE  TESTIS,  SPERMA- 

Tie  C0131I),  K^V)  ^^^xyY\31&.  ^ii«MKA  KxiMst\«uk^fran  the  •eoood  and  eolarfcd  £c«l»ft  cd<- 


AND   SCIENTIFIC   PUBLICATIONS. 
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CHURCHILL  (FLEETWOOD),  M.  D.,  M.  R.  I.  A. 

ON  THE  THEORT  AND  PRACTICE  OF  HIDWIFBRY.     Edited,  with 

Notes  and  Additions,  bv  D.  Franoib  Cqmdis,  BC  D.y  author  of  a  "Praoticel  Treatise  on  the 
Diseases  of  Children,"  &c.  With  139  illnatratioBS.  In  one  werf  handsome  octavo  Toiume, 
leather,    pp.610.    $3  00. 


No  work  holda  a  higher  pontioaf  or  i§  more  de- 
senring  of  being  plaeed  in  the  hands  of  the  tyro, 
the  adraaoed  stadsat,  or  the  praetitioner.~M«atcal 


Prerions  edItioBS,  aader  the  editorial  saperyisioa 
of  Prof  R.  M.  HuetoB,  hare  been  reeeived  with 
narked  favor,  and  they  deaerred  it.;  bat  thii.  re- 
printed from  a  very  late  Dublin  editioa,  eareftally 
revieed  aad  brought  up  by  the  author  to  the  present 
time,  does  preaeat  an  anuaaally  aecnrate  and  able 
exposition  of  OTsry  imoortant  particular  embraced 
in  the  department  of  Budwifery.  •  •  The  clearneaa, 
directaess,  and  precisioo  of  its  teaehinga,  together 
with  tha  great  amoaat  o(  statistical  researeh  whieh 
its  text  exhibita,  have  aerved  to  place  it  already  in 
the  foremost  rank  of  worka  in  thia  department  or  re- 
BMdial  aeieBoa.^J^.  O.  MUd.  mmd  Surg.  Jommal, 

In  oar  opinion,  it  forms  one  of  the  best  if  not  the 
verr  beat  text-book  and  epitome  of  obstetric  acienae 
which  we  at  preaent  possess  in  the  English  lan- 
gnage.— IfofMJUy  JsariMi/  t/Mtdieal  SMtnet. 

Tha  clearness  and  preeialon  of  atyle  in  which  it  ia 
written,  and  the  great  amount  of  atatiatical  reacarch 
which  it  contains,  have  served  to  place  it  in  the  first 
raak  of  works  ia  thia  departmentof  medical  science. 
-^N.  Y.  J9wmal  ^M§dUm§, 

Few  treatiaea  will  be  foand  better  adapted  aa  a 
text-book  for  the  atudeat.  or  aa  a  manual  for  the 
frequent  coaanltaUcw  of  the  yoang  praetitioaar.«>- 
Aim»rU4m  Mtdicml  J9umml, 


To  beatow  praiae  on  a  book  that  haa  received  anch 
■narked  appr<HMitlon  would  be  auperfluons.  We  need 
only  any,  therefore,  that  if  the  firat  edition  was 
thought  worthy  of  a  favorable  reception  by  the 
medical  public,  we  can  confidently  amrm  that  this 
will  be  fonnd  much  more  so.  The  lecturer,  the 
praetitioaer,  uid  the  student,  maj-all  have  recourse 
to  ita  pagea,  and  derive  from  their  peruaal  much  in- 
tcreat  and  inatruction  in  every  thing  relating  to  theo- 
retical and  practical  midwifery.— I>«f6<«i»  ^umrUrlf 
j9unuU  0fM9dieal  8citne4. 

A  work  of  very  great  merit,  aad  snoh  as  wa  can 
aonfidently  recommend  to  the  study  of  every  obste- 
tric praetitioaer.— Leaden  Midieal  QamtU: 

This  is  certainly  the  most  perfect  system  extant. 
ft  is  the  best  adapted  for  the  purposes  of  a  text- 
book, and  that  which  he  whose  necessities  confine 
him  to  one  book,  shonld  aelect  in  preference  to  all 
others. — SomiJUm  BUdietU  mmd  Stirgiemi  Jomrmml, 

The  BMMt  popnlar  work  on  midwifery  ever  iaaotod 
flrom  the  American  press.->-C4arl«sf«is  Mtd .  Jmnmrnl . 

Were  we  redaced  to  tha  neeessitir  o(  haviim  bnt 
MM  work  on  midwiferv,  aad  ptrmitud  to  cAeoM, 
we  woald  nnheaitatingly  take  Charehill^— IFMMni 
Jtfcd .  mmd  Surg.  Jounuu. 

It  is  impossible  to  conceive  a  more  nsefal  and 
elegant  maanal  than  Dr.  ChnrchilPs  Praetiee  of 
Blidwifery.— ProotaciaJ  Madtcoi  Jourmml, 

Certainly,  in  onr  opinion,  the  very  bMt  work  on 
the  sabjeet  which  exists.--jr.  Y.  AnmalUt. 

BT  TBI  SAMS  AUTHOE.     (Jutt  IfMUed.) 

ON  THE  DISEASES  OF  INFANTS  AND  CHILDREN.    Second  American 

Edition,  revised  and  enlarged  by  the  author.    Edited,  with  Notes,  bv  W.  V.  Kxatino,  M.  D.   In 
one  large  and  handsooie  volume,  extra  cloth,  of  over  700  pagiea.    $3  00,  or  in  leather,  $3  25. 

In  preparing  this  work  a  second  time  for  the  American  profession,  the  author  has  spared  no 
labor  in  giving  it  a  very  thorough  revision,  introducing  several  new  chapters,  and  rewriting  others, 
while  every  portion  of  the  volume  has  been  subjected  to  a  severe  scrutiny.  The  eflbrts  of  the 
American  editor  have  been  directed  to  supplying  such  iaformation  relative  to  matters  peculiar 
to  this  country  as  might  have  escaped  the  attention  of  the  author,  and  the  whole  may,  there- 
fore, be  safely  pronounced  one  of  the  most  complete  works  on  the  subject  accessible  to  toe  Ame- 
rican Profession.  By  an  alteration  in  the  sixe  of  the  page,  these  very  extensive  additions  have 
been  accommodated  without  unduly  increasing  the  sixe  of  the  work. 

This  work  contains  a  vast  amount  of  interesting  contribntioa  for  the  illustration  of  its  topics.    The 

matter,  which  is  so  well  anaaged  and  ao  curtly  material  thnsderivedhasbeen  used  with  consammate 

worded  that  the  book  may  be  regarded  aa  an  eney-  akill,  and  the  reanlt  haa  been  a  work  creditable  hI  ike 

elopaedia  of  inrormation  apoa  the  subject  of  waich  to  the  author  aad  his  ooantryw->iir.  A.  iUdic§»Ckir. 

It  treats.    It  is  certainly  also  a  monument  of  Dr.  JK^vmw,  tfay,  1866. 

Churchiirs  untiriag  industry,  iaasmueh  as  there  ia  xfler  this  meagre,  and  we  know,  very  imperfect 

not  a  aioglc  work  upon  the  diaeaaea  «/ J>»'«<I'J«  with  notice  of  Dr.  Churcliill'a  work,  we  shafl  conclude 

M  ruoSi^ifoTSIlrl^Si,  "^^^^^^^  "^  -^'*'  '"^^  *^  *■  ^'  that  ciot  fail  from  ita  co- 

tribution  of  the  leaat  im| 

Foreign  Medical  Joaraal, 

ia  aot  daly  noticed.— Leaaeit  itfonccs,  r  eo.  iiv,  isuo.  igrly  pleased 

Availing  himaelf  of  every  frerii  soaree  of  Informs-  jasnce  throughonl  hia  work  to  the  ▼ariona  A  meriean 

tioo,  Dr.  Churchill  endeavored,  with  hiaaeenaUMaed  aathora  on  Uiia  aubiect.    The  names  of  Devrees, 

iadustry  and  peraeveraaee,  to  briog  his  work  up  to  Bberle,  Condie,  and  Stewart,  occur  oa  aearly  every 

the  preaeat  state  of  medical  kaowledge  ia  all  the  page,aadtheaeaathorsarecoBstantly  referred  toby 

aabjects  of  which  ic  treata;  aad  la  this  eadeavor  he  the  aathor  hi  lerma  of  the  highest  praise,  and  with 

has,  we  fed  bound  to  say,  beea  eauaeatly  aueeess-  the  SMstlibaffal  eoartesyw^I%<  M§di€ml  Bztmdmtr. 

fnl.    Bendea  the  additioB  of  more  than  one  haadred  __                     .^.           .«,«.<«       .^... 

aad  thirty  pages  of  matter,  we  observe  that  aome  ^9  ,»conim«nd  the  work  of  Dr.  Churchill  most 

entirely  ntwaad  important  chapters  are  iatrodaeed,  eon»i»»y»  *!2?*„'*l,"'"**f?*»  *^  practitioners,  as  a 

viz:  on  paralysis,  syphUis,  phthisis,  selsrema,  Ac!  valnaWeand^eliableguideinthetrwtraentofthedis. 

*c.    As  the  work  now  stands,  it  ia,  we  believe,  the  sasesofchUdren.— -dm.Je«m.e/iAs  Jliid.ScMaes*. 

most  comprehensive  in  the  English  laurusge  npon  We  know  of  ao  w<wk  on  this  department  of  Prac- 

ihe  diseases  ineideat  to  early  lii«.-*DtiMMi  (fimrUriy  tieal  Medieias  whieh  preaeata  ao  eandid  aad  uaprs- 

Journalf  Feb.  1896.  Jadioed  a  stateroeat  or  poatiag  up  of  our  aetaal 

It  brings  before  the  reader  aa  amoaat  of  htforam-  anowledgeaa  this.— JT.  F.  Jmumml  ^Utdicim^. 

tion  not  comprised  in  any  similar  prodactioa  ia  the  Its  claims  to  msrit  both  as  a  seisntilc  and  practl- 

language.    The  amoaat  «>f  labor  coasunuKl  npoa  its  cal  work,  are  of  tha  higheat  order.    Whilst  we 

produetioB  eaa  only  be  conceived  by  those  who  have  would  not  elevate  it  above  every  other  treatise  on 

been  similarly  occapied,  every  work  of  note  pab-  theaameaubiect,  we  cartaialy  believe  that  very  few 

lithed  wittkin  the  laat  twenty>iive  ycara  ia  the  dif-  are  cqaal  to  It,  and  none  sapariorv^^eatAsra  Jfod. 

Hsreat  languages  q(  Europe  aaviag  been  laid  aader  mmd  Surgitml  jikmml, 

BT  TBM  tAMI  AUTHOE. 

SSSAT8  ON  THE  PUERPERAL  FEVER,  AND  OTHER  DISEASES  PS- 

CULIAR  TO  WOMEN.    Selected  from  the  larritingsof  British  Authors  previous  to  the  clo«e  oC 
Che  Eighteenth  Geatiiry.    In  oMoeat  octavo  volimie,  extra  cUAk^ollaMra^.^»Ava]|2ua.  ^^i^. 


]0  BLAItCHAKD   ft   LEA'S   HBDICAL 

CHURCHILL  (FLEETWOOD),   M.  D.,  M.  H.  I.  A.,  fce, 
ON  THB  DI8EABESB  0?  WOMEN;  inohidbff  thon  of  Pnmatj  tai  OM- 

bed    A  new  Amertvn  edttioD,  ttmnai  bj  the  Author    Wfth  IfcUB*  ud  ABditioaa,  bv  D  Pui- 

euCoiniii,H.D.,a«h(Kot  "A  P>mciiealTi«Ulnon  the  DiaeuoorCbiUreo."    VMm*. 

ToiiK illii*lrmlioa>.  iBonetoigt  »nd  h»nd»maaoCl>TO>olniDC,l— Ihcr,  of1<6  pigCT.   iJmKlimii, 

1857.)    WOO. 

This  edilioa  of  Dr-  ChDrchill'i  very  popnlar  tioitin  maf  alnual  be  leftJ  a  aew  «irt.  w 
IboroiKhly  hai  he  MTiaad  it  in  e*«nr  ponuia.  It  *iU  be  Ibiuid  pwlr  aalarsed,  and  Ihm^ 
brooaUuptothenKHt  rac«nioondiiionol  lhe*iibi*M,  vhile  Ibevwr  t-~i-—  .— i—  -r  .n- .- 
lioao  inlMdooed,  wnwaealif  tnoh  pMhotoRkal  oaDdiiiMi>  aa  oan  be  •emaieljr  noctrared.  prm 
a  Borel  featara,  mod  aSxd  niDabte  aHiMaore  10  the  7000^  practKioaar.  8uc&  addilioat  •>  f- 
nsred  detirabte  Ibr  (he  Anerieaa  Mndeal  have  beet)  mule  bjr  the  edilar,  Ik,  CmAc.  vMt  > 
mufced  improvement  fa  the  meehanical  esecntioa  ke«*  pace  with  the  adraoea 
which  the  rtdDma  baa  imdeifoae,  while  Ibe  prioc  hu  beeo  kepi  at  the  former  1 


li,  Hrkipii  tha  inoaL  pijpalarof  kii  vurki  wilk  tW  ,  ^  ^  „_  ^^  work«  «  the  laiCMa  im^i    ■ 

rally  i««li»d  both  ..  . jut-bcok  .^  "■•■I  "f '  pm-».  «Hrtoe7i«l«t^^«Sl  mW^M^uM. 
practice.  The  prMccE  •dllioa  hai  awlprinna  Iki.  ,  Tniiilnii  It  itilt  Mn  iitillad  In  thii  wMii  <iiu 
■i«lelabM*tera*Lilna,udaMltifa<eruinpait.  -nrf^^io,.  n,  TKiaaUe  aeMs  tf  fwr  HMi 
ut  eharuUT  han  b«nt  idhh,  ib  reader  II  ■  smb.  |  L^.,  h^  retaUaa4  aad  enalribat*  ka  ■•  ibiL  M. 
p1eIiicip<Hinit<irthBpnHiinalacrfoarlcarjwlBlM  to  •ahaaee  ^  nlea  (if  tk*  wuk     liai 

WcnawrecnirBllTUtelMnof  Dr.ChirakUl'i  pennillod  the  aalkOT  to  be,  ia  tku  iaaaHt.  M 
bnok.  Had  oir  tTpncnp^l™]  limit*  permitted,  wr  ova  editor,  thai  aeearias  all  the  miii<«  >k^ 
■haald  gludljr  k>Te  borrowed  amra  from  iti  riehli'  aa  aetbor  alima  la  napalileiif  mallai — fbrKiei* 
■lored  pagM.    Ia  eoaelaiica,  w*  baartllj  nooia.    iM-tl. 

mend  ii  to  the  pcoTaeaiae,  and  wooM  at  lh«  laia;  ai  ■  ■iimiiiitMdn  ■wtanl  fer  atadi^  k  t 
Urn. ..or.-«.r  arm ""iitio. ll.ti. will .et oal,  ^i gf^SKSSTftTp^TSS^ wTSfw^ 
add  to  the  repatatlaaarluaatbar,  bnlwillnroreii  ^^  r~—^  luetlra  1.^—  wa  »T  Ibat  If  miM" 
wort  *f  gn-t  uid  «tjMl«  nliUtr  la  obiUtric  „y  other  that  hu  a*ar  taaed  a>  tb*  mmS^ 
ptaobtlaaare— DatHa  JbMcal  rnu.  ]„,  »«■  tha  Britiah  piM      Tbi  DmUit  QMat 

Wakaowof  aoialhor  wbodeaerree  that  ■hto-  Lftaraal. 
baUoa,  on  "  the  Ubmm  of  fenalaa,"  to  lie  wBe  I 


Mi*£aUare,  PhileMfUa. 

ELEMENTS  OF  MEDICINE;  k  Compendiona  Vmr  of  Pfttfaologj  ud  1 


peutics,  or  (he  Hitlory  ai 

ol  IX  pagea,  tealber.    S3  79. 

At  aa  Anteriean  texl-booli  on  the  Praotiea  nf  Medicine  Tor  tbe  KadaBl,  aod  ■•  a  eoadcsfed  nrt 
of  laferenee  fortbe  pnMStltioDar,  ihii  volume  will  ban  MnMa  olainuoa  the  atteatioa  of  the  prafeHO*. 
Few  phnioiaaB  have  had  wider  oppDrtmKfe*  thaa  ihe  aulbor  lor  obeervatioe  aad  enatiiaet.  mJ 
ttw  perhapa  hava  need  Ihem  better.  Aa  Ihe  rewtl  of  a  life  of  mudy  nad  piactiaa,ih>iWi»a.  ibi 
preneol  volane  will  daubtleaa  be  reeelved  with  the  wdooae  il  deaarvaa. 

Tbiebonbliamiaeatlr  wbatll  preAiaeatnbci  a    iieTiia,  aad  wa  hava  ao  bcallatlim  la  praAciM*' 
dletlualriwd  merit  in  tbaa*  da*i.     Dtained  tor    It  a  teviirabto  rwepttaa  by  bmb  ■tadmeM^fcaitm 
•<TaacheniBdSladMMerMedMBa,»Barf\dmlia-       ----- 

Mrnitedtothdiwaaa.wdblnkltwIUbaraHlTad, 


Hit.  aW  Sarr-  /aoiiHl. 

Indtted  br  oaa  of  tbe  mnat  aeaoapllibad  wrlten 
•t  oar  eoHBtrr,  is  well  aa  by  <•*  who  baa  Inag  beW 
a  biKh  pneitiiia  amoag  laaehera  aad  praellUnaen  of 
taedieise,  ttila  wnrk  la  eililled  U  patroaem  aad 
earefel  itnitr.  Tbe  learaed  aathor  Ilm  •adeanxtd 
to  eandnnu  la  ihii  nlame  auai  of  the  ^naileel 

adapt  it  to  tta  aie  of  itaoaa  who  fcava  aot  time  In 
devotammDreeateaai— — ^-      •—.*!- 
Satg-  Jtvaal. 
PmT,  Dlrkwn'i  work  lopplir 


irk  aaeordlia  to  the  paTpoea  for 
d,  wa  martUak  b^biyir  Ila 


•nladaTth 

■  by  eaueilaan.  TV  Ttrwt 
_  lUa.tb«lae<«ri»«'T 
■ppatcat,  aad  all  the  raaaal  imyiaiimmw  aad  dw- 
eovrriaaia  tbeiapeatiea  aad  palbalgfrafi  rfeimi. 
eled  ia  Ila  pagaa.  ■rtartnaaw  Mid  Iwmrmt. 

Ia  Ibe  Iral  part  at  Iba  wovb  tka  aabjeci  ef  fw 
tbI  natkolagy  Is  araaaalad  ia  oaUne,  atri^  a  biei. 
tifbl  plclata  a/  Ila  dlahagaubma  ^nna.  mt 
throafboat  Iba  aBCCaWlac  rbaptaia  wa  tM  that  W 
baa  kept  aeraaaloaalv  wlihia  tha  be^rfiaf  ami 
naanalaf   aaJ   latriUmaia   dideiil».      Dp*  a- 

wbala,WBdoaotbaaitalatDpr<~— — " 

work  ia  lu_elaaa,  ud  IbuO 
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DRUITT  (noaEHT),  M.ft.O.8.,  *o. 
THE  PRIN0TPLB8  AND  PRACTIOK  OP  MODERN  8UBGBRT.    Edited 

by  P.  W.  SABeKNT,  H.  D.,  author  ol  '■  iSiaoi  Surgeiy,"  ^.     lUiutmal  wilh  ooe  hundred  and 


Dr.  DiBill't  nKsiihei  IbW  tha  lilsntatB  of  kia 
■■bject  baT8  been  ant  onlr  BIl<iaii*B,  but  well  dl- 
Metad:  tbe  ainat  dlteontani  aDlhon  ire  (kicly  ud 
lapBTttallr  noted,  aBd,  while  doe  eradit  !■  rlTOi 
to  each,  it^r  rtmpeMn  nartu  are  welgbadwllk 
»  aaDnJodiMd  baad.  Th*  gnig  nf  wheal  la  pn- 
■arved,  aid  the  ebaff  la  apaiareUBIlT  itrippad  off. 
The  arraiwenieat  la  aimpta  aad  pbLloflupbLeilT  and 
tkc  atrl*.  ibmiih  elvrasd  intgraitlu,  ii  aapreeiae, 
that  theboakToBlal .-.ilTrT.l j J 


few  wnrdi  Iban  UT  ot! 
we  ai«  aeqnalaled.— J 


Si 


■Lmfu  Mutual  Timti 


a*  mseh  niaabia  aanttaal  mat 
— pao.    at.  LtmU  t/U.  tmt  A 

Dnln'*  8at)Mr  la  too  wall  kaowB  to  the  Ai 
«aa  mHlleal  proreaalan  to  rwiain  Ita  BBoamec 
aayw^ere.  Fnihiiblr  no  work  of  the  kind  baa  era 
baaa  laore  oordlallir  r*e«lt«d  aad  •stcoalTOlT  aliea- 
lalad  than  tbfa.  "Aa  faol  Umt  II  eoaiprobcDda  In  ■ 
iMBparalinl7HBBUeoaipa«,all  tbtttNeatlal  els- 
■enlinC  thwrelical  and  praatleal  Sarjarf — tbal  ll 
i«  ftMind  to  BDBiajii  teliablo  and  anlhentia  iBrorma- 
latmeal  ofRearlT  all  annl- 
_  __  .  .'ieat  ream  Ibr  tballbaraJ 
•  obtainad.    Tin  bdltor.  Dr.  F .  W. 


of  thawnrll,! 


1»T  MOh  Anariean  iBpnl 


JtiMd  aiore  parreellr ,.  .. 

Tiew*  aid  pmrtiee  in  tbia  soDatrr.    II  kboandi 
■verTwhere  wilb  apifUad  and  life-like  iUaalratiani, 


wbieb  to  tba  TOanf  aarfana,  eapaeiallr,  are  of  ao 
ailnoieoBilderatlnn.  Ever*  nicdiiSBl  nwa  rnHBentlT 
bMda  Jaat  neb  a  work  aa  &la,  for  InoMdials  refor- 
•DMUaMMMataofBaddeBeaieticiaej,  wban  he  bai 
■at  ttaH  iDMaalt  nora  alabonta  traatlaea.— Ha 


Braltt'i  work,  aaadaaaad,  aratemalia,  Ineld,  asd 
piutieal  aa  It  la,  Iwroad  moat  woika  on  SnrnerT 
aoaeaalbla  to  the  AoMiieaa  itadM,  baa  bad  aineh 
earreaej  la  tbIa  auoBlry,  and  aadet  ita  prMeni  aa- 
■pleea  prnmlaea  In  riie  to  ret  hiaher  laror^n* 
Wuunt  Aaraal  tfltHHtiKt  mUBurffTi. 

A  hatlar  book  oa  the  prlDelplea  aad  praellec  of 
Bnrffory  aa  aow  aaderattfod  la  Isuland  aad  Amerlea, 
haaaotlMaatlTaBtothaprafeBBioa^'AMiM  iftdi- 
■aJ  aii<  nrficBl  Awaaf^ 

It  nar  b«  laldwlth  tratb  Ihal  thewnkof  Mr. 
DmitI  ■rordi  a  eomplele,  Ihnai;))  brlcT  and  eon- 
deaaed  view,  of  the  mlirsBeldor  modara  lar^rr. 
W«  know  oTno  wee  k  oa  lb*  auta  aablaet  haring  tha 

. 1  oa  tb*  pan  of  tha  anlhor, 

re  aa  lanale  jmwer  nf  aearehlu 
Iba  leadlBg  lietl  ud  fslBrei^ 
uiuniB  prodBBliiina  of  the  pan.     II  la  a 
Ibook  for  Ub  pimotltioan,  and  we  abonld 
a  taaeher  of  aarfery  napardDaablearhudLd  not 


ler  la  whteb  each  kiu 
lanabia  qaalllT    ' 


DALTON,  JR.  IJ.  C),  M.  D. 

Prnreuor  of  Phyiiolofr  In  tha  Colled  of  Fhraisiaaa,  New  York. 

HUMAN  PHYSIOLOGY  DESIGNED  FOR  MEDICAL  STUDENTS.  In 
one  Terv  haadaome  octaro  vohuM,  wUti  abom  two  tuwdrad  aod  Utj  origioal  illualnliiMu.  (Prih 
paring.) 


DUNQLISON,  FOnaeS,  TWEEDIE,  AND  CONOLLY. 

THE  CYCLOP.SDIA  OF  FRACTIOAL  MEDICINE:  oompniingTre&tiaefl  on 
tha  Hatur«  and  TreauneDl  oTDiKearM,  Halerfa  Hedioa,  and  Therapemioa,  Dueaaei  of  Women 
MDd'  Children,  Medical  Jurirprndence,  dni.  to.     Id  four  large  rapei^royal  oetavo  Tolumoa,  of 
3251  doubla^colimuwd  page*,  ■troail]'  and  haiidiomeir  bound,  witb  ralwd  beads.    |1S  OO. 
•^*  This  WOTk  oontaina  DO  leaalhaa  fombnadred  aodeighuwa  dialinot  treatiaea.  oootribuled  by 

•lzty.eighl  diuingiluhod  pfayaiolani,  renderlag  h  a  oompleta  libtaiy  of  referenoe  fin'  liw  oouatry 

preclilloaer. 
Tbe  moat  eomplele  work  oa  Praetleal  Uedleleo  tltioBer.    TbU  MHaiata  of  It  baa  aot  beaa  foiBsd 

astastj    or,  at  leiit,  ia   out  laagaafS'— ili(/W«  i (om  a  haily  elammalifs.  but  aAot  aa  latlmate  « 

MiMcal  mul  aitrfiail  Jtummt.  onaiiitiinee  dorlvwl  froti  fteqne  ' 


rtnlaable  medleal  pabllea 


■had  t«patatloB,aB< 

..»  owsr  of  tha  noat 

leaebera  gfliOBdoB,  Edbbnigfa,  Si 


actitlnaen  of  eilabll*had  tapatatloB.aBdthe  lUt 

...flUDtributorieiabncti  owsToflhan^ '-  — 

. . , _f  prc>rF*-"'-->"'i**>'-^*'>-~'''-.»'J'.-  wji«i, 

tke  day—aa  a  work  of  refarcnee  It  la  ianluabla. —   )in,  aj 
WdUrn  JenmaJ  >/ Hidiciu  aa4  5w((Fy. 

work  Cot  reed;i  and  freqeent  referaBM,  one  In  wb 

Modem  Bagltah  medieiae  ji  exhibited  la  tbe  nu.«*        i — ^- 

adraataceonalicht.— Mtdieal  Simmliur.  Cnr  ueiieniive  "^^^^Ijj^^ 

eompetoMr  jaat 


r  and  taaeher.B    ntmhrd  by  pracIilioBert  wb< 
fo,  one  In  wbleb    eipeeialatteBtioa  to  tbedlwi 


«! 


:e  that  tfala 


oedwItbiB    ■ 


oablyo 


lulry,  it  belag    othni,  wblle  It  Vtampa  ifeir'oi. „ 

of  Terr  (leat  TBlae  to  the  prae-   Uf  h  aad  Jaat  aBlboTltT^.«BHncaB  KMeal  Jtum. 


aaraaee  of  their 
the  inlBloaa     ~ 


■BT  eaitraTlBca.    TwoirUodlUiia,  with  the 

Ba>,i<»'i  laal  Inpruvementa  ead  enrreetima     la 

aBeoeUvoTnluDie,eitraelotb,ofM«pa(ea.  •SflO. 

DEWEBft'S  TRKATIBB  ON  TBE  PBYBIOAL 

AND  MEDICAL  TREATMENT  OF  CUILD- 


OBWEBH'fl  TREATISE  ON   THE  DIBEABBfl 


SANAONZOOPHYTEBANSCORAU.    Ii 
Tolame,  imparlal  qaaitOjaairaaloth,  wit' 
aaU.  tU  W.    Alao,AlirATLAB,lBiwe 
ioparlal  (iillo,  with  iiitr-ou  m^BtBeaBi 


tdia  I 


DB  LA  BBGHE'B  SBOtXWICAL  OOSBRVBR. 

laDBaTerrlaraaaadbandBOineoettvOT  ' 
Ira  eloth,  of  700  pagM,  with  X»  woDd-B 

FRICK  ON  RENAL APPECTION^i  I _- 

anala  aad  FWhidc«r.     With  UlaalntloBi.     On* 
Talaa«,nTalUBa.,uliaelolh.   TSoanla. 


imd 
•loo' 
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BLANCHARD  de  LEA'S  MEDICAL 


DUNQLISON    (AOBLEY),    M.  D.. 
Profesaor  of  Inttitatet  of  Medicine  ia  the  Jefenoa  Medical  Cottegev  PhiUdelpliia. 

NEW  AND  ENLARGED  EDITION,  Now  Ready,  185a 

MEDICAL  LEXICON;  a  Dictionary  of  Medical  ScieDoe,  coDtaining  a  cmnae 

Explanation  of  the  various  Subiects  and  Terms  of  Anatomy,  Phyviolocy,  Pafhohi^.  Httvw. 
Therapeutics.  Pharmacology,  Pharmacv,  Surgery,  Ob»tetric»,  Medical  Juriitpnidtfner,  LVnt>:n , 
Arc.  Notices  of  Climate  and  of  Mineral  Waters;  Formula  for  Officinal,  Empirical,  and  L>ir:«tx 
Prepsrationt*,  drc.  With  Freneh  and  other  Synooymes.  Fiitbknth  bditiom,  revised  snd  x*ri 
greatly  enlarged.  In  one  very  large  and  hand^Mne  octayo  volume,  of  9Di  doable-columned  psfr^ 
m  small  type ;  strongly  bound  in  leather,  with  raised  bands.    Price  %A  00. 

Especial  care  has  been  devoted  in  the  preparation  of  this  edition  to  render  it  in  everr  re^prrt 
worthy  a  continuance  of  the  very  remarltable  favor  which  it  ha*  hitherto  enjoyed.  Th^  r^p-d 
c^nle  of  Fifteen  large  editions,  and  the  constantly  increa>in|^  demand,  show  thai  it  i»  res^rdnJ  'y%- 
the  profession  as  the  standard  authority.    Stimulated  by  this  tact,  the  author  has  endc»avon*d  b  lit 

Ere»ent  revivion  to  introduce  whatever  might  be  necessary  "  to  make  it  a  satisfactory  and  dr<ir%- 
je — if  rot  iudi>pensal)le — lexicon,  in  which  the  student  may  search  without  diiappouitmeot  :.< 
every  term  that  has  lieen  legitimated  in  the  nomenclature  or  the  science."  Toacc«imp<t^i)  io'n 
large  additions  have  been  found  requisite,  and  the  extent  of  the  author*8  labors  may  be  ci*:iidi*«-J 
from  the  fact  that  about  Six  Thousand  subjects  and  terms  have  been  introduced  tbrougbou!.  rro* 
dering  the  whole  number  of  definitions  alxHit  Sixty  TaonsAND,  to  ■ccommodate  which,  the  bbd- 
ber  of  pages  has  been  increased  by  nearly  a  hundred,  notwithstanding  an  enlargement  in  the  •^ise 
o(  the  paite.  The  medical  press,  both  in  this  country  and  in  England,  nas  pronounced  the  vnrk  c- 
di!>pen^able  to  all  medical  students  and  practitioners,  and  the  present  improved  edititm  will  not  '.o< 
that  enviable  reputation. 

The  publishers  have  endeavored  to  render  the  mechanical  execution  worthy  of  a  volume  of  mrh 
universal  use  in  daily  reference.  The  greatest  care  has  been  exercised  to  obtain  the  t\-p«crapk.«-t. 
accuracy  so  neoesfary  in  a  work  of  the  kind.  By  the  smalt  but  exceedingly  clear  type  ^rmpiowJ. 
an  immense  amount  of  matter  is  condensed  in  its  thousand  ample  pages,  while  the  binding  w. .  Kr 
found  strong  and  durable.  With  all  these  improvements  and  enlari^meata,  tbe  price  ha>  bvrn  krpt 
at  the  former  very  moderate  rate,  placmg  it  within  the  rea^b  of  all. 

This  work,  the  sppesrsnce  of  the  fifteenth  edition  I  tells  as  la  his  preface  that  be  has  add«>d  aN^t  ri 
of  which,  it  baa  beeome  our  daty  and  pleasare  to  ,  thoaaand  terroa  and  aubjecia  to  thiaeditir^i.  w>::r' 
announce,  is  perhaps  the  luntt  stupendona  mnaameat .  l>efore,  was  cooaidered  nniveraallv  ■■  tbe  iirpt  w-ri 
of  labor  and  erodilion  in  medical  literatare.    One  ,  of  the  kiod  in  aay  langaage. — StlUmmm'$  J^m'm.. 
would  hardly  aappote  after  enastaat  nae  of  the  pre-  '  March,  IbSB. 


■ou  corrccuun  oi  MIC  enure  wur«.     ii,  i.  uniy  nccr.-     raitum,  aarelling    the  graad   afrarrrate   t.>  br^ed 
aary  to  announca  the  adTcnl  of  this  edition  to  make  ^  ^xty  thoaaand  !     Thus  ia  plac^  before  il.e  ?rV^ 


it  «>ccupy  the  place  of  the  preceding  <me  on  the  table  !  ^.^  .  complete  and  thorough  exp..BeBt  -.i  mr.':rz. 
of  every  medical  man,  aait  is  wilhoutdoubt^thcheat    urminol.i^y,  with«wi  rival  ht  p<iaaibi1iiv  .f  rtr.i'r. 

«       ^    .-  .-       -.         -.     .    .        _  JiU   I>Sr. 

brJiere.  t^tl 
this  work  ia  ineoinparably  the^beit  snd  o-m  c>«- 
nlete  Medical   Leziena    la  the   Rac'iah  Unevf* 


and  moat  comprehensive  work  of  the  kind  which  haa  ! ytukvilii  Joum  if  Mt4  mmJ  Surr 

everappeared.— .B«#a;o  Med.  Jaam.,  Jan.  ISM.  i,  j.  „«:,^,^iiJ.lw        \^  ^ 

*^*  "^  ]  It  IS  nniveraally  aekanwled^ed,  we 


The  work  is  a  monaroent  of  patient  research, 
akilful  judfrment,  and  vast  physical  labor,  that  will 


perpetuate  tbe  name  of  the  author  more  effeetnally  |  The  amouot  uf  lab«*r  which  Ihediauoiaiiiked  •■-.ti-r 
than  any  possible  device  of  stone  or  metal.  Dr.  .  haa  beatowed  Bp<m  it  ia  truly  wootlcriaL  aai  iKe 
i)on((liBon  deaervestbe  thnnkanot  odIv  of  the  Ame- I  leamiBK  and  reaearch  diaplayed  ia  ilaprrpa:*L  :. 
ricnii  profeasiun,  but  of  the  whole  medical  world. —  .  are  equally  remarkable.  Comment  aad  d^mwiJa- 
Kortk  Am.  Mtdieo-Ckir.  Review ^  Jau.  1896.  tion  are  unoeeeaamry,  oa  ao  one  at  tfar  pr««nit  ixit 


A  Medical  Dictionary  better  adapted  for  the  wanta  iSi"''!.*!  P"JJ»»;«»»f  »«[J  «iher  Medical  D»..u.ia-T 
of  the  profession  than  any  other  with  which  we  are  '  {^  thia.-5f.  LmutM  iUd,  mmd  Smrg.  Jtmm  .  Jit 
acquainted,  and  of  a  character  which  piaeea  it  far  '  '°*^- 

above  compariaon  and  competition.— Jm.  /earn.  I      It  la  the  foaadation  atone  of  a  eond  ssedieal  ^^t• 
Med.  Seunrsf,  Jan.  1858.  I  ry,  and  aboold  alwaya  be  included  ia  ibr  f  ra:  Itf:  <f 


We  need  only  any,  that  the  addition  of  «,000  new  '  ^'\\?"'*,*';**7L]&  "^  niedieal  atadeat  -.4«.  M^4 
terma,  with  their  aeeoropanying  definitions,  may  be  1  ^*^'^'9j  Jan.  18W. 
said  U)  conatitute  a  new  work,  by  itself.    We  have  I      A  very  nerfeet  work  of  tbe  kind.  aadi^b*ed:T  '^« 
examined  the  Dictionary  attentively,  and  are  moat,  moat  perfect  ia  the  Eaffliah  laagaage  —  Jb4  mi 
happy  to  pronounce  it  unrivalled  of  its  kind.    The  |  Smrg.  HejfTfty  Jan.  1(556. 

eruilition  displayed,  and  the  extraordinary  industry  ,  it  {,  now  empbatically  ik*  Medical  Dicti  atrr  4 
which  must  have  been  demanded,  in  its  preparation  :  the  English  language,  and  for  it  there  i«  a^>  su*.*:.- 
and  perfection,  redound  to  the  laaUng  credit  of  its    tote— iV.  H.  Med.  Je«n».,  Jan.  I«e. 

author,  and  have  furniahed  ua  with  a  volume  ladis-        -.  . ,  '  ^    ^ 

iHnaabU  at  the  preaent  day,  to  all  who  would  find  >      ?\?"  seareely  aeeeaaary  to  remark  that  atf  «.^.v 
theinrelvcs  au  ntveau  with  the  highest  aUndards  of    *^"'  ''?'*P  wanting  •  copy  of  Oaite)iai«  •  i^irc  s 
medical  information— <Bo«lim  Medical  amd  Surgitml    ""•*  ^  imperfect— rt«.  Lamr^t.  J*n.  Wfc 
/•Mraaf,  Dec.31,  Ie37.  I      We  haveevareoaaidered  it  thebca*aata<«nrr;a^ 

Good  l.«xicon8  and  ennelopedle  works  generally,  >  *»•'»•**'  "**  *^«  preaeat  ediiwrn  we  may  mini  a»*  -« 
are  the  rotwl  labor-aavin^  contrivances  which  lite  i  "'*  ^"{^  *»  "*«  ***'***  ^FemimauUw  Med  Jtm^., 
rary  men  enjoy ;  and  the  labor  which  is  required  to    ^*"'  ***** 

produce  them  in  the  perfect  manner  of  this  example  '  The  moat  eotaplete  aatharity  o*  the  aabj^ei  m  kt 
IS  something  appalling  to  conteniplata.   The  author  j  fonod  la  aay  language. —  Ta.  Aftd.  Jaamo* ,  FcS .  > 

BT  Tn  SAMK  AUTBOE. 

THE  PRACTICE  OF  MEDICINE.    A  Treatise  on  Spedal  P^thologr  and  n» 

TayevUVci.    Third  Edition.    In  two  large  octavo  volomes,  leatberi  of  1,S0O  pi^ea.    $4  S& 
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DUNQLISON   (ROBLEY),    M.  D.,   « 

Profeaior  of  iDfltitates  of  Medicine  u  the  Jetferion  Medical  College,  Philadelphia. 

HUMAN    PHYSIOLOGY.     Eighth  edition.     Thoroughly  revised  and  exten- 

Bively  modified  and  enlarged,  with  five  hundred  and  thirty-two  illufitrationB.    In  two  large  and 
handsomely  printed  octavo  volumes,  leather,  of  about  1500  pages.    $7  00. 

In  revi!*ing  this  work  for  its  eighth  appearance,  the  author  has  spared  no  labor  to  render  it  worthy 
a  continuance  of  the  very  great  favor  which  has  been  extended  to  it  by  the  profession.  The  whole 
contents  have  been  rearranged,  and  to  a  great  extent  remodelled ;  the  investigations  which  of  late 
years  have  been  so  numerous  and  so  important,  have  been  carefully  examined  and  incorporated, 
and  the  work  in  every  respect  has  been  brot]^ht  up  to  a  level  with  the  present  state  of  the  subject. 
The  obiect  of  the  author  has  been  to  render  it  a  concise  but  comprehensive  treatise,  containing  the 
whole  body  of  physiological  science,  to  which  the  student  and  man  of  science  can  at  all  times  refer 
with  the  certamty  of  finding  whatever  they  are  in  search  of,  fully  presented  in  all  its  aspects ;  aad 
on  no  former  edition  has  the  author  bestowed  more  labor  to  secure  this  result. 

WebHievethatitcan  truly  be  said,  no  more  com-  i  The  beat  yrork  of  the  kind  in  the  English  Ian- 
plete  repertory  of  facts  npoo  the  snbject  treated, '  gumgt. '■'•Silliman^M  Journal. 

c*n  any  where  be  found.  The  author  has,  moreover,  •  T^^e  present  edition  the  author  has  made  a  perfect 
that  enviable  Uct  at  description  and  that  facility  |  mirror  of  the  science  as  it  is  at  the  present  hour, 
and  ease  of  expression  which  render  him  peculiarly  ^s  a  work  upon  physiology  proper,  the  science  of 
acceptable  to  the  casual,  or  the  studious  reader,    ihefunctioneperformedby  the  body,  the  s 


This  faculty^  so  requisite  in  setting  forth  many 
graver  and  less  attractive  sabjects,  lends  additional 
charms  to  one  always  fascinating.— .5 ssfon  Mtd. 
mmd  SMTg.  Journal f  Sept.  1866. 

The  most  complete  and  satisfactory  system  of 
Physiology  in  the  English  Iangnage.^-ilffMr.  MUd 
Journal. 


^,  ,, tudentwill 

find  it  all  he  wiahm.— If askvillt  Joum.  of  Med. 
Sept.  1858. 

That  he  has  sneceeded,  most  admirably  succeeded 
in  his  purpose,  is  apparent  from  the  ap,>earanoe  of 
an  eighth  edition.  It  is  now  the  ereatencyclopiedia 
on  the  subject,  and  worthy  of  a  place  in  every  phy- 
sician's library.— H^<««ni  Lanc4t^  Sept.  1650. 


BT  THI  SAMX  AUTBOK.     (iVbw  Roody.) 

GENERAL   THERAPEUTICS    AND    MATERIA  MEDIC  A;  adapted  for  a 

Medical  Text-book.  With  Indexes  of  Remedies  and  of  Diseases  and  their  Remedies.  Sixth 
Edition,  revisned  and  improved.  With  one  hundred  and  ninety-three  illustrations.  In  two  large 
and  handsomely  printed  octavo  vols.,  leather,  of  about  1100  pages.    96  00. 

From  the  Author^g  Pre/acB. 

**  Another  edition  of  this  work  being  called  for,  the  author  has  subjected  it  tea  thorough  and  careful 
revi>ion.  It  has  been  gratifying  to  him  that  it  has  been  found  so  extensively  useful  by  those  for  whom 
it  wan  especially  intended,  as  to  require  that  aM>/A  edition  should  be  issued  in  so  short  a  time  after 
the  publication  of  a  fiflh.  Grateful  for  the  favorable  reception  of  the  work  by  the  profession,  he  has 
bestowed  on  the  preparation  of  the  present  edition  all  those  cares  which  were  demanded  by  the 
former  editions,  and  has  spared  no  pains  to  render  it  a  faithful  epitome  of  Genera]  Therapeutica 
and  Materia  Medica.  The  copious  Indexes  of  Remedies  and  of  Diseases  and  ti^ir  Remedies  can- 
not fail,  the  author  conceives,  to  add  materially  to  the  value  of  the  work." 

This  work  is  too  widely  and  too  favorably  known  to  require  more  than  the  assurance  that  the 
author  has  revi!<ed  it  with  his  customary  industry,  introducing  whatever  has  been  fuuiid  necessary 
to  bring  it  on  a  level  with  the  mo^t  advanced  condition  of  the  subject.  The  number  orilluslrHfions 
has  been  somewhat  enlarged,  and  the  aiechanical  executioa  of  the  voliuuea  will  be  found  to  have 
undergone  a  decided  improvement. 


The  work  will,  we  have  little  doabt.  be  bought 
and  read  by  the  majority  of  medical  students^  its 
size,  arrangement,  and  reliability  recommend  it  to 
all;  no  one,  we  venture  to  predict,  will  study  it 
withont  profit,  and  there  are  few  to  whom  it  will 
not  be  in  some  measure  useful  as  a  work  of  refrr- 
ence.  The  young  practitioner,  more  espfcially.  will 
find  the  copious  Indexes  appendtd  to  this  edition  of 
great  assistance  in  the  selection  nnd  pieparation  of 
suitable  formaUa. — CkarUiton  Med.  Joum.  and  Rt' 
vUWy  Jan.  18W. 


In  announcing  a  new  edition  of  Dr.  Dnngltaon^s 
General  Tnerspeutics  and  Materia  Medica,  we  have 
DO  words  of  commendation  to  bestow  upon  a  work 
whose  merits  have  been  heretofore  so  often  and  so 
justly  extolled.  It  must  not  be  supposed,  however, 
that  the  present  is  a  mere  reprint  of  the  previous 
edition :  the  character  of  the  author  for  laborious 
researcn,  judicious  analysis,  and  clearness  of  ex- 
pression, is  fully  sustained  by  the  numerous  addi- 
tions he  has  made  to  the  work,  and  the  careful  re- 
vision to  which  he  has  subjeeted  the  whole.— >r.  A. 
MUdico-Ckir.  Rwuvfy  Jan.  1856. 

BT  TBX  SAmc  AUTHoa.    {A  n«v  Edition.) 

NEW  REMEDIES,  WITH  FORMULiE  FOR  THEIR  PREPARATION  AND 

ADMINISTRATION.    Seventh  edition,  with  extensive  Additions.    In  one  very  large  octavo 
volume,  leather,  of  770  pages.    $3  75. 

Another  edition  of  the  *'  New  Remedies''  having  been  called  for,  the  author  has  endeavored  to 
add  everything  of  moment  that  has  appeared  since  the  publication  of  the  last  edition. 

The  articles  treated  of  in  the  former  editions  will  be  found  to  have  undergo!  e  considerable  ex- 
pansion in  this,  in  order  that  the  author  might  be  enabled  to  introduce,  as  far  as  practicable,  the 
i«Milts  of  the  subsequent  experience  of  others,  as  well  as  of  his  own  observation  and  reflection ; 
and  to  make  the  work  still  more  deserving  of  the  extended  circulation  with  which  the  preceding 
editions  have  been  favored  by  the  profession.  By  an  enlargement  of  the  page,  the  numerous  addi- 
tion.H  have  been  incorporated  without  greatly  increasing  the  bulk  of  the  volume.— Prs/oes. 

One  of  the  most  useful  of  the  author's  works*— 
Southern  Medical  and  Surgical  Journal. 

This  elaborate  and  useful  volnme  should  be 
found  in  every  medical  library,  for  aa  a  book  oi  re- 
ference, for  physicians,  it  is  unsurpassed  by  any 
other  work  in  existence,  and  the  double  index  for 


The  great  learning  of  the  author,  and  his  reaoark- 
able  industry  in  pnsning  hia  researches  into  every 
Sf  »nrce  whence  iniomiatioa  la  dertvable,have  enabled 
him  to  throw  togethw  aa  extensive  maaa  of  faeta 
and  statemeata,  aeeompanied  by  full  referenee  to 
authorities}  which  last  feature  renders  the  work 
practically  valaable  to  Investigators  who  desire  to 


diseases  and  for  remedies,  will  be  found  greatly  to   pracwcaiiv  vawaoie  to  mvesijytors  wno  ueaim  «» 
enhance  its  rmlut^Now  iork  Mod,  GosslM.  |  ^  p^Jj™^'''*"*  paperi.-ft«  AmorieamJowmai 
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t  ERICH8EN  (JOHN>| 

FrofeMor  of  Bufg eiy  ia  UuTerutf  College,  Lottdoa,  9t: 

THE  SCIENCE  AND  ART  OF  SUBOEBY;  bxino  A  TBXATin  on  Sumicu 

Irjttrrs,  DisiASSS,  AMD  OpsEATioRB.  Edited  bv  Joan  U.  Bvhtoh,  M.  D.  Dlivtreted  with 
three  hundred  and  eleven  engravings  on  wood.  In  one  large  and  handaoaie  ooiavo  TdaM,a( 
over  nine  hundred  doeely  printed  pages,  leather,  fsised  baada.    $4  25. 


It  is,  in  osr  hoable  ji^nn^ntY  decidedly  the  beit  ranly  eneoanter 

book  of  the  kind  in  the  fioglieh  luigsage.   Siraiin  mmL—firnkmi^a, 

that  juei  wch  bookt  ate  notoAener  prodoeed  by  pnV  BabraeiBg,  as  will  be  pofeeived.  the  whole  nari* 

lie  leacherf  of  iorffcry  m  this  eoantry  and  Great  «ai  domain,  aod  oaeh  divieieo  of  itself  alwoM  c«» 

Britain    Indeed,  U  is  a  matter  of  great  »lpnlehment.  pieta  sad  perfeet,  each  ehapter  fall  and  explicit  fwk 

hot  no  lose  tree  than  Mjonishmg,  Aat  of  the  many  .abject  Ihftlifally  exhibited,  wo  can  only  rxpirMsw 

works  on  sorgery  reirabbshed  m  thiseonstry  whhls  estimate  of  it  In  the  aggrofrate.    We  eoosider  iia 

tho  last  fifteea  or  iwentv  yesrs  as  i^booke  for  exeelleat  eontribstion  io  eargery,  as  prebaUy  tkt 

medical  students,  ihis  IS  the  oi»ly  one  that  even  ap-  bostsingis  voIsbm  bow  extant  on  ihe  sohjeet  sal 

proximaies  to  the  fulfilment  of  the  peenkar  wants  of  with  great  pisasnre  we  add  it  to  oar  text-basks— 

yoongmen  JnstenteringnpMlhe  study  of  thlsbraneh  |iUMBcJb«rMl^Jfadscmaend  SMrgwy. 

ofthe  profession.— iresismJbiif.^Jfad.aiitfAivg«nr.  ^ 

...           .,        ..         ^  .  Fw>r.  Erlehsen*!  work,  for  hs  sSse,  has  not  bsfs 

Its  value  IS  greaUy  enhanced  by  a  very  so|4e«s  tsrpsssed;  his  nine  hnndred  and  eigbi  psf^  p» 

wellarranfedlndex.    We  regard  thu  as  one  of  the  j^sdy  lltniirated,  are  rich  in  physiohigical.  paAsl*. 

most  Taluable  oontnbufionstp  modern  anrgery.   To  „eal'  and  operaUve  soggesttons,  doctnaes.  demitv 

one  entering  WsnoTiiiaie  of  praelice,  we  regard  it  l^  pToeeases;  and  will  prove  a  reKsble  rtMSies 

the  mppiserriceable  guide  which  he  canconsnii    He  for  iiiibrmailoe,  both  to  physician  aad  sar*e«B,  is  the 

will  find  a  fulnessof  detail  leadinghim  through  every  |hwt of  poffL-lT.  O.  ITsd.  mnd  Surg.  Jm^mml. 
siep  of  the  operation,  snd  not  deaertiDg  bim  nndl  the 

final  issue  of  the  ease  is  decided.    Pbr  the  same  rea-  We  are  acquainted  with  no  other  w«>rk  wkerva 


son  we  recommend  it  Io  those  whose  routine  of  prsc-   so  mueh  good  aense,  snead  prinelple,  and  prBrtMsI 
tioe  lies  in  soch  parts  of  the  country  that  they  must   ialbrenees,  stsnip  every  page.— 'ili '—  * * 


ELLIS  (BENJAMIN).  M.  D. 
THE  MEDICAL  FORMULART :  being  a  GoUeetioii  of  Prasoripdons,  dami 

from  the  vrritings  and  practice  of  many  of  the  most  eminent  pbysieiaBS  of  Ameriea  aad  Earoie. 
Together  with  tne  wunl  Dietetic  Preoarations  and  Antidotes  for  Poisons.  To  which  is  added 
an  Appendix,  on  the  Endermic  ate  of  Medicines,  and  on  the  nae  of  Ether  and  ChJoroft>nB.  The 
whole  accompanied  with  a  few  brief  Pharmaoeutie  and  hfedical  Observations.  Tenth  editkis, 
revised  and  much  extended  by  Robkat  P.  Thomaji,  M.  D.,  Proleesor  of  Materia  Mediea  is  tke 
Philadelphia  College  of  Pharmacy.    In  one  neat  octavo  volume,  estra  doth,  of  390  pages.   $1  Ti. 

After  sn  examination  of  the  new  SMitter  and  the  It  will  prove  partfiealarly  asefal  to  atndsata  sal 
alterations,  we  believe  Ue  reputation  of  the  work 
built  up  by  the  author,  and  the  late  distingnished 
editor,  will  continue  to  flourish  under  the  auspices 
of  the  present  editor,  who  hss  the  Industry  and  aeca* 
mey.  aad,  we  would  say,  oonscientiousneas  requi- 
site for  the  responsible  task*— ^dsi.  J»Uf,  tfPkmrm, 


yoaag  practitioaara,  as  the  aaoet  ianportant 
tioas  employed  la  usodera  pmetiee,  arhieh  lie 
tared  through  oar  medieal  litsffatare,  ere  hem  ssl- 
leeted  and  conveniently  arraB|red  lor 
CkmU^mi  Mbd,  Jsiasl  msd  Aodsv. 


F0WNE8  (QEOAQE).  PH.  D..  Ae. 
BLEMENTART   GHEMISTRT;   Theoretiad  md  PhietiotL    WiA 

illustrations.    Edited,  with  Additions,  by  Robkkt  Bkidois,  M.  D.    In  one  lane  rmral  12Be. 
volume,  of  over  090  pages,  with  181  wood-outs.    In  leather,  fl  50;  estm  clock,  fl  3l 

We  know  of  no  better  text-book,  especially  In  <he       The  work  of  Dr.  Fowaaa  kaa  loag  bcsa 
difBeult  department  of  organic  cheraliAry,  upon    the  pnblle.  aad  lis  merits  have  heoanilly  s| 
Which  it  is  particularly  fhliaad  satisfa^ry.    We   ated  as  the  best  text-book 
would  reeommend  it  to  preceptors  ss  a  capital 
"  office  book"  for  their  students  who  sre  beginners 
in  Chemistry.    It  is  copiously  illustrsted  with  ex- 
eelleat wood-cuts,  snd  altogether  admirably  "got 
up.*'— if.  /.  JTmNcs/  MUporSr. 

A  standard  manual,  which  has  long  enjoyed  Um 
reputation  of  embodying  much  knowledge  in  a  small 
apace.  The  author  lias  achieved  the  dilfienlt  task  of 
condensation  with  masterly  tsct.  Ris  book  Is  eoa- 
oise  without  being  dry,  and  brief  without  being  loo 
dogmatical  or  general.— Fifrginia  Jfed.  snd  Surgicmi 


existence.    We  do  not,  of  eonrse,  plnee  it  ia  a  raak 
Miperior  to  Ihe  works  of  Brande,  6tnhsm,  Tsi 


Oregorv,  or  Omdia,  bat  we  any  that,  as  a  week 
for  studeats,  it  is  prefetabla  to  any  of  thnm     \n 


A  work  well  adapted  to  Ike  vpania  of  the  i 
It  Is  an  excellent  ewmition  of  the  ahM 
andfiictaofaKMlerachemiatry.  Tim  sine  of  the  wnrk, 
aad  still  more  Ike  eondeaaed  yet  pcrapieaees  stric 
in  which  it  is  arritten,  absolve  it  from  the  ebarfes 


very  properly  urged  agaiasi  aaoet  amaash  tcmMd 
popalar.    jrdftanfyk^snmaf  ^  Jfcdfraf  Scwecs. 


FI8ICE  FUND  PRIZE  E89AY8. 

THE  EFFECTS  OP  CLIMATE  ON  TUBERCULOUS  DISEASE.    By  Edww 

Lkb,  M.  R.  C.  S.,  London,  and  THE  INFLUENCE  OF  PREGNANCT  ON  THE  DETELGP- 
MENT  OF  TUBERCLEa  By  Edward  WAnmxii,  M.  D.,  of  EdMlon*  N.  Q.  Te«eiker  ■ 
one  neat  octavo  volume,  extra  oiotk.    %i  00.    (Jnsi  Bsadp.) 

FEAQU880N  (WILLIAM),  F.  A.  8.| 
Frolbasor  of  fisigery  ia  King's  College,  London,  Jke. 

A  STSTEM  OF  PRACTICAL  SUBOERT.    Fourth  AmerioMi,  fitim  Oie  ikM 

and  enlarged  London  edition.  In  one  large  and  beantifldljr  printed  oeinvo  Tiiinnia,  el  nbona  IM 
pages,  with  383  handsome  illtistrations,  leather.    83  00. 

No  work  was  ever  writtea  which  ssore  aearly  I     The  addition  of  naay  aew  pagea  Stokas  dus 
fcMi^irf^eaAed  the  ««i>M«iUes  of  tbe  stadeat  and  |  nmre  than  ever  indispensable  tolhestadMUsadi 

IhaX  iing\e  v^'^poas  iJhaa  \h\a.— M .  x .  Msa.  a  %«im«X .  \ 


rtola 


ANU  1SC1ENTIP10   PUBLtOATIO  NB. 

FLINT  (AUSTIN),  M.  D., 

(jU  /awrtant  Nn»  Wtti.i 


(jU  /auMrtant  Hem  Vtri.i 

PHYSICAL  EXPLORATION  AND  DIAGNOSIS  OF  DISEASES  AFFECT- 
ING THK  RESPIRATORY  ORGANS.     U  ooa  l>rn  ud  hudwne  ooUro  Tdume,  <i(m 
clolh,  S36  page*,     H  00. 
^e  nn  opLy  itBlfl  Mr  f  fncrsl  liflprniiloii  of  Ihg    Imirii  with  which  ws  an  mtijatlattt  ■■  tha  Gnjliati 

blub  value  ur  thii  wiirk,  sDd  cnttlinUj  neiymurui    tuifjimge^—BHItm  M4j,imd  Bitrt  JtumU. 

■.ndurihem«rk«l»biliH'(rfiiit™iaieDlnfSoiub-    Wer*eoiiiM«dUioir«iii«ioi>«mrnMi  whownKti' 
t"iel>M     Bofaraimitioformliti^  '"  '»™'"'»""*"  Hii«iiLl.lor.    BmtiI  u  ■  ni* 

TliLa  ia  tha  noal  alatMritc  work  drvotad  aielD-    Uliia,  ■  raadaUa  book.— jlM.  lait.  Mi'.  5<(Mua, 
WTaiy  to  tha  phyaieal  axplanuon  oC  diaeaaea  uf  the 


KOW  COMPLETE 

QHAHAM  (THOMAS),  F.  n.  8., 

THE  ELEMENTS  OF  INOROANIC  CHEMISTKY,  ioelDdiiiK  the  Applioa- 

liona  of  tbe  Scieni^Ein  the  Aria.  New  uid  mnch  enlarged  edition,  by  HxtiKr  WxTTsand  Robeit 
Bridsfs,  M.  D.  Complete  in  one  large  and  handtome  octavo  voluoiB,  of  over  800  vnj  large 
pegex,  with  two  hundred  and  Ihitnptvu  wood-cnlf,  eilra  clolh.     ^  00. 

^•a  Part  II.,  completing  the  work  from  p.  431  to  end,  with  Index,  Title  Matter,  Ice.,  mav  be 
hail  wparale.  clolh  backa  and  paper  pidea.     Price  C9  90. 

The  long  delay  which  ban  inlervsned  fines  Ihe  appearanoe  of  the  firsl  portion  of  Ihia  work,  has 

crwerieaof  the  la»I  few  years  in  the  aiibjecl*  contained  in  Part  I.  Thia  occupies  B  large  portion 
of  Pan  II.,  and  will  be  found  to  preaeni  a  eomplele  abairacl  of  the  moal  rewni  reaearcnea  in  (he 
general  principlea  of  ibe  wience,  aa  welta^  all  deiaila  neoearary  lo  bring  the  whola  work  Ibofoughly 
up  Id  the  prCMint  lime  in  alldeparimenta  of  Inorganic  Chemiatry. 

Geotlemen  desiroua  of  completing  their  oopiea  of  Ihe  work  are  requealed  to  apply  for  Farl  it. 
— **'— II  delay.     It  will  be  lent  by  mail,  prepaid,  an  receipt  of  the  amount,  $2  SO. 

"    From  Prsf.  J.  L.  rymiiinr,  rtetf  OiUlmi  Bikttl 

tfnuuimi.nityo.iea. 

It  ia  beyned  all  qneatira  [he  b«>  iraleiDatic  work 
m  CheiDiatrr  in  tha  En*1Jah  laDKuare,  and  I  am 

lerate  priea  haa  beftn  latecd,  aoaa  top!aee  itwiltaia 
hr  nuaanf  aindeala.     II  will  bo  tha  only  taxt-bmk 


vary  aeeeplabia  additioa  to  tha  Llbrarjof 

ell  kDown  Bi  Ihf  lranitat»rof  tha  CaTeediah 
xlilioB  vt  Omeliu'a  Chemialrv,  baa  made  in 


<nilcal  phyait 


chj  ■  ediliim  of  Prof .  Orabam'i  Elea: 

Journal,  Uatch,  lUX. 

Fr<m  Pmf.  O.  P.  HuMarrf,  Onrl. 


Fthh  P»/.  H 


May  tS,  IS 


Fitm  Pref,  E.  K.  Hfifuri.  I7at«n^CD«i(a,  April 


ORIFFITH  (ROBERT  E.),  M.  D.,  Ac. 
A  UNIYERF^AL  PORMULART,  coDtuning  the  iDethods  of  Prepuiog  and  Ad- 

niinietej;ing  Officinal  and  olber  Medichwa.     The  whole  adapted  to  Phyaitiiana  and  PbarmBceu- 
Ji  Ibe  PhilJ 


Hapled  to  Phyr 
-a  dolfa,  of  030  p*gea,'dotdiie  coIdii 


93  DO; 


anil '  niaiering  madiclnea  ih 

bE-i  I  clan  and  pbannaeeali 

The  anBanlDraaerB 


bound  in  eheep, 

ihe  deaitedhf  Ihaphyai- 

Wiatni  Lmttttl. 

iry.day  naitgr.lbr  aprae' 


or  Ihia  1 


■rs: 


r-ffon  baa  been  apared  ts  [nelode  in  ihria  all  the  n- 

ibie  uihe  phyal- 
I  eordialty  reeoB- 


Id 


BLANCHAB.D  ^  I*KA.'8  HSDIOAL 


GROSS  (SAMUEL  D.).  M.  D.» 
PrafoMOCoT  Bugery  iB  the  J«ffBr«m  M«die«l  Oolkn»  of  FhHairtpMi,  km. 

Hefw  Zlditlon  (Vow  BmuSj.) 
ELEMENTS  OF  PATHOLOGICAL  ANATOMT.    Thiid  editioii,  thm^Uj 

revived  and  freatly  improved.    In  one  l&rge  and  v«ry  handaone  oetavo  Tolnne,  with  aboil  tiiae 

hundred  and  fifty  beautiful  iUnatnukma,  of  whieh  a  lam  uunbar  are  Iroaa  orjgiui  dnvi^ 

Price  in  extra  cloth,  94  75;  iMOher,  raiaed  banda,  S6  35. 

The  very  rapid  advanoea  in  the  Seienoe  of  Pathological  Anatomy  dnrmg  the  last  lew  yean  ¥rv 
nndered  essential  a  thoronrh  modification  of  this  work,  with  a  view  of  malmi^  it  a  corrsei  opo- 
neot  of  the  present  stale  or  the  anhject.  The  very  careful  manner  na  which  this  task  has  hna 
executed,  and  the  amount  of  alteration  whi6h  it  has  undergone,  have  enabled  tJbe  anthor  to  say  tha 
•*  wiih  the  many  changes  and  improvements  now  introduced,  the  work  may  be  regaided 
a  new  treatise,*^  while  the  efiorta  of  the  author  have  been  aeconded  aa  reaarda  «^*  » 
execution  of  the  volume,  rendering  it  one  of  the  handsomest  produotiooa  <h  the 
A  very  large  number  of  new  and  beautiful  original  illustrationa  have  been  introdaeed,  and  the  wort 
it  is  hoped,  will  fully  maintain  the  reputation  hitherto  enjoyed  by  it  of  a  oomplele  and  practical  cs- 
position  of  its  difficult  and  important  sufaject. 


We  mnat  sincerely  eonf[r«tuUte  the  aathor  oa  the 
lucceisfol  manner  in  which  he  has  aeeompUshed  his 
prnpueed  object.  Bis  book  is  most  adinirahW  eal> 
enlated  to  fill  op  a  blaak  whieh  has  long  been  felt  to 
•xist  in  this  department  of  medical  literatare,  and 
as  such  most  become  very  widely  cirenlatsd  amongst 
all  classes  cf  the  profession.  — Dv^/fo  QumrUrIf 
Journ.  •f  Mtd,  Scmiic«,  Nov.  1867. 


ral  sMBBsr  ia  whieh  Dr 
of  affordiag  a  eomprehi 


"J^ 


withtiM 


We  havebeea  favorable 

>T.t2 

ihensive  diseat  of  the  artint 
state  ef  the'litefatare  of  Pathologieal  Amumf,ml 

kuwotttt 


hava  maeh  pleaaora  ia 
oar  readers,  as  we  believe 
diligent  peroaal  and  eaief al 
CAfsa., 


well 


BT  TSB  SAMS  AimiOE. 


A  PRACTICAL   TREATISE  ON  THE   DISEASES,    INJURIES,  AND 

MALFORMATIONS  OF  THE  URINARY  BLADDER,  THE  PROSTATE  GLAND,  AHD 
THE  URETHRA.  Second  Edition,  revised  and  much  enlarged,  with  one  hondred  aadaifhrT- 
four  illustrations.  In  one  large  and  very  handsome  octavo  voinmoy  of  over  nine  handled  pfBk 
In  leather,  raised  bands,  $5  25;  extra  doth,  $4  75. 


A  volume  replete  with  traths  and  principles  ot  the 
atmoit  value  ia  the  investigation  of  these  dissases 
ilmtfr^ea  Mtdieul  /emaf. 

On  the  appearance  of  the  first  edition  of  this  work, 
the  leading  fenglish  medical  review  predicted  that  it 
would  have  a  "  perraaneat  plaos  m  the  literatare  iif 
surgery  worthy  to  raak  with  the  best  works  of  the 

K resent  age."  This  prediction  has  been  amply  fal- 
lled.  Dr.  Gross's  treatise  has  been  found  to  sap- 
ply  completely  Uie  want  whieh  has  heea  felt  ever 
since  the  elevation  of  sargery  to  the  rank  ofa  science, 
of  a  good  practical  treatise  oo  the  diseases  of  the 
hiadder  and  its  aeeesaonr  orgaas.  Philosophical  in 
its  design,  methodical  in  its  prrangemeat,  ample  and 


aoaad  ia  Its  praetieal  detalla,  it  amy  ia  tratk  ht  i 
to  leave  seareely  anythiag  to  be  desired  ss  le 

Krtaat  a  aahjeei,  aa«i  wi&  the  additions  i 
atioas  reaaltiasr  from  fatare 
pfovemsats,  it  wul  probably 
valaableworlu  oa  thia  nabjeet  aoloMasthe«M« 
of  mediehM  ahali  exiaiw— JBesiea  Hd,  mi  tag. 


Whoever  will  pervae  thevaat 
ataetieal  iafonaatioa  it  eoalaii 
htvs  beea  naahle  evea  to  aotiee,'  will,  «« 
agrse  with  aa,  that  there  is  ao  work  ia  tht  ~ 
laacaage  whieh  eaa  make  aay  jest 
be  Its  ei|aal.^ir.  T.  Jsamal  €Jf 


BT  TMg  SAMS  AVTBOR, 

A  PRACTICAL  TREATISE  ON  FOREIGN  BODIES  IN  THE  AIRrPiS. 

SAGES.    In  one  handsome  octavo  volume,  extra  doth,  with  iUnatrationa.    pp.  468,    13  79i 

A  very  elaborate  work.  It  is  a  complete  sammary   eoaclade  by  reeossnwadiag  It  to  oar  mden,  hOj 
of  the  whole  subject,  and  will  be  a  aseftil  book  m 
reference.— BriiMA  mmd  Wltnigu  Jftdiee-CMrarg. 

A  highly  valnablebook  of  reference  on  a  most  im- 
portant snbjeet  ia  the  praetiee  of  msdteiae.    We 


persaaded  that  its  perBaaf  will  aAE>rd  chea  ■■«• 
praetieal  iafonnation  well  eoaveyed,  evideativ  sh- 
rived At>m  considerable  ezperieaee  and  dedscfd  froa 
an  ample  col  lection  of  laeta.<» 
7s«raaf,  May, 


BT  THX  SAMB  AtJTROn. 


A  SYSTEM  OF  SUROERT :  Stagnostio,  PMholopoftl,  Thenpeutie,  mad  Open* 

tive.    With  very  nomeruus  engmvmga  on  wood. 


QLUQE  (QOTTLIEB),  M.  D., 
Profaesor  of  Physiolcgy  and  Pathologieal  Aaatoaty  ia  the  Uaiveraity  of  Brmaeela,  Jke. 

AN  ATLAS  OF  PATHOLOGICAL  HIST0L06T.    Truuilated,  with  NoCa 

and  Additions,  by  JosiPV  LsiDT.  M.  D..  Professor  of  Anatomy  in  the  Univeraity  ol  IVaairyfvs- 
nia.  In  one  volume,  very  large  imperial  quarto,  extm  doth,  with  390  fignrea,  pMi  and  coioced. 
on  twelve  copperplatea.    99  00. 


eARDNRR*9  MEDICAL  CHEMISTRY,  for  tile 

nee  of  dtndenu  and  the  Profeaaioa.  Ia  one  royal 
l^tann.  vol.,  ex.  doth,  pp.  906,  with  illaatratioaa. 
•1  00. 

BUOHES'    CLINICAL    INTRODVOTION    TO 


THE  PRACnCB  OP  AUSCULTATION  AXB 
OTHBB  UODBd  OP  PHYSICAL  Df  AGN'09l!s 
IN  DISBASBS  OP  THE  LUNGS  AND  HEABT 
Second  Americaa,  ttom  the  seeond  Ixaidtfai  cdii 
1  vol.  royal  Usao.,  as.  doth,  pp.  SM.    gl  I 


HUNTER  (JOHN). 
(See  "Ricoid,"  page  96»AMrRi0ufd'8  edition  of  fii 
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HOBLYN  (RICHARD  D.)|  M.  D. 

A  DICTIONARY  OP  THE  TEEMS  USED  IN  MEDICINE  AND  THE 

COL  LATERAL  SCIENCES.  A  new  Ameri<MUi  edition.  RoTieed,  with  nameroas  Addition*, 
by  Isaac  Hats,  M.  D.,  editor  of  the  **  American  Joumal  of  the  Medicel  Sciences."  In  one  large 
royal  12mo.  volume,  leather,  of  over  GOO  double  odonuied  pages.    $1  fiO. 

If  the  freqaeney  with  which  we  have  referred  to  Hoblyn  has  alwayi  beea  a  Ikvorite  dietioaanr,  and 

thii  volnine  liBee  its  receotioii  from  the  poblisher,  in  its  present  enlarged  aad  improved  form  will  ^iva 

tjfro  or  three  weeks  ago,  oe  any  eriteriim  for  the  greater  satisfaction  ihaa  ever.  The  Ameeiean  editor, 

f  atare,  the  binding  will  soon  have  to  be  rraewed,  even  Dr.  Hays,  has  made  maay  very  valaable  additicms. 

with  careful  handling.    We  find  that  Dr.  Hays  has  — JV./.  M§d,  JlUp^rUr, 

dooe  the  profession  «;eat  service  by  his  Mre^i  and  ^o  supply  the  want  of  the  medical  reader  arising 

indnstricms  labors.  'l^heDtoUonary  has  thnsbeco^  f^^  this^nse,  we  know  of  no  dictionary  better 

ecninently  w>t«^^to  oar  medical  brethren  in  this  .rraaged  and  adapted  than  the  one  bearing  the  ab«ive 

country.    The  additions  by  Dr.  Bars  are  in  brackets,  uti^.  •  ^  j,  ^ot  eaenmbered  with  tiie  obwicte  terms 

ud  we  believe  there  is  not  a  single  pago  but  bears  of  a  bygone  age,  but  it  contains  all  that  are  now  in 

these  m«lP»ia;  "» every  instance  which  we  have  thus  ^^ .  embracing  every  department  of  medical  science 

far  noticed,  the  additions  ve  really  needed  and  ex-  jown  to  the  rSry  la£est^te.    The  volame  is  of  a 

ceeding ly  valaable.    We  heartily  commend  the  work  convenient  size  to  be  used  by  the  medical  student, 

to  all  who  wish  to  be  an  eouramt  in  medical  termip  ^^  y^  j^^  eaongh  to  make  a  reapeotable  appesr- 

nology  .-Bo*<im  Mtd.  amd  8nrg,  Joummi.  .noe  in  thelibraryof  a  physician.-iroi«m  Lmmtti, 

To  both  practitioner  and  student,  we  recommend  Hoblyn's  Dictionary  has  long  beea  a  fiivorite  with 

this  dictionary  as  beinjf  convenient  In  sixe,  accurate  us.    It  Is  the  best  book  of  definitions  we  have,  and 

in  definition,  and  sameiently  full  and  complete  for  ought  always  to  be  upon  the  student's  table.— 

ordinary  consultation. — CkarUst«$^  Mtd,  Ja«m.  tmd  StiiulUm  Mid,  amd  Surg,  Jvaraal, 


HOLLAND  (SIR  HENRY)|  BART.,   M.D.,  F.  R.S.| 

Physician  in  Ordinary  to  the  Queen  of  England,  ^e. 

MEDICAL  NOTES  AND  REFLECTIONS.    From  the  third  London  edition. 

lo  one  handsome  octavo  volame,  extra  doth.    $3  00. 

As  the  work  of  a  thonghtfol  and  observant  physician,  embodying  the  results  <A  forty  3rears'  ao 
five  professional  experience,  on  topics  of  the  highest  interest,  this  volame  is  commended  to  the 
American  practitioner  as  well  worthy  his  attention.    Few  will  rise  from  its  perusal  without  feel* 
ing  their  convictions  strengthened,  and  armed  with  new  weapons  for  the  daily  struggle  with 
disease. 

HABER8H0N  (8.  O.),  M.  D.| 
Assistant  Physician  to  and  Lecturer  on  Materia  Medica  and  Therapeutics  at  Guy  *s  Hospital,  ^e. 

PATHOLOGICAL  AND   PRACTICAL  OBSERVATIONS  ON  DISEASES 

OF  THE  ALIMENTARY  CANAL,  (ESOPHAGUS,  STOMACH,  CiECUM,  AND  INTES- 
TINES. With  illustrations  on  wood.  In  one  handsome  octavo  volume.  {PuUishing  in  th$ 
Medical  Newt  and  Library  for  1858.) 


HORNER  (WILLIAM  E.),  M.  D., 
Professor  of  Anatomy  ia  the  University  of  Peaaaylvaaia. 

SPECIAL  ANATOMT  AND   HISTOLOGT.    Eighth  edition.    Extenrivefy 

revised  and  modified.     In  two  large  octavo  volumes,  extra  eloth,  of  more  than  one  thousand 
pages,  handsomely  printed,  with  over  three  hundred  illustrations.    96  00. 

BT  TRS  SAMS  AtTTHOR. 

ANATOMICAL  ATLAS.     By  Professors  Hobneb  and  Smith.      See  Smith, 

p8ge28. 

HAMILTON  (FRANK  H.),  M.  D., 
Professor  of  Bargery,  ia  Bnialo  Medical  OoUega,  ^e. 

A  COMPLETE  TREATISE  ON  FRACTURES  AND  DISLOCATIONS.    In 

one  handsome  octavo  volume,  with  several  hubdred  illustrations.    (Preparing.) 


JONES  (T.  WHARTON),  F.  R.  8., 

Professor  of  Ophthalmia  Medicine  aad  Surgery  ia  Uaiveraity  College,  London,  ibe. 

THE  PRINCIPLES  AND  PRACTICE  OF  OPHTHALmC   MEDICINE 

AND  SURGERY^.  With  one  hundred  and  ten  illustrations.  Seoond  American  from  the  second 
and  revLsed  London  edition,  with  additions  b/  Edwaed  HARTSHoaNX,  M.  D.,  Surgeon  to  Wills' 
Hospital,  dec.    In  one  large,  handsome  royaf  12mo.  volume,  extra  cloth,  of  500  pages.    $1  50. 

We  are  confident  that  the  reader  will  find,  oa 


pernsnl,  that  the  execntimi  of  the  work  amply  fulfils 
the  promise  of  the  preface,  and  snstains,  in  every 
point,  the  already  h'gh  repntation  of  the  author  as 
an  ophthalmic  sunreon  as  well  as  a  physiologist 
and  pathologist.  The  bodk  is  evidmitly  the  resolt 
of  much  labor  and  research,  and  has  been  written 
with  the  greatest  care  aad  atteation;  it  possesses 
that  best  qaallty  which  a  general  work,  like  asys* 
tern  or  raMnual  can  show,  viz :  the  quality  of  having 
all  the  materials  whencesoever  derived,  so  thofoagh* 


ly  wrought  ap.  aad  digaated  m  the  aathor's  ssiad, 
as  to  come  fortn  with  tna  freshness  and  impressive* 
ness  of  an  original  prodaetion.  We  entertain  little 
donbt  that  this  bona  will  beeorae  what  its  aathor 
hoped  it  might  become,  a  manaal  fitir  daily  reference 
ana  eoaaaltatioa  by  the  stadeataad  the  general  prae* 
titioner.  The  work  Is  marked  by  that  eorreetaesa, 
clearness,  aad  precision  of  style  which  diatiaguish 
all  the  prodaottona  of  the  learned  aathor.^Bf<iii4 
and  W9r,  JItd.  JUeins. 
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BtiANCUAKU   IE  LEA'S   MEDICAL 


JONES  <C.  HANDFIBLD).  F.  A. «.,  fc  BDWAUD  H.  8IEVEKINQ,  M.O.. 

A  HAJTOAL  OF  PATHOIiOOIGAL  ANATOHT.    Fmt  Ameriou  Sfilioi. 

lUriied.    WiU>  lhn«  hmdradind  maMy-^araa  Imhomc  Wo'    ' — 

beaulirulodkvoTolameof OMctrlSOpigakilnthM.    U  30. 


It  or  p*th< 


ibmry, — VuUi*  Li 


nUr  tk^luotbne 


■  of  iWor^^  rtiMhriTait 
the  work  iH&n  ■■  u  *■  kM 


Ik»  wnik  in  Urn  Eii||li*  iBnguw.  Iu>iat  ninl 
euBiiiuiD  itiwimpliHcBiiwmDlbrcvitiiiiaillBlhM 
icapeei  il  luppliu  >  g'MI  duidataUra  i«  ■»>  liu- 
ntun.    Bfcetoron  Ihe  itHil>nI  of  pi.tb"lin'  wai 

obllg»4lngli»nrroniijr™iiionibernrmoiiogr»pliii, 
udlticHrUwuinuWaiinttaiitbiilhwturiinM 

'   an  iBoliiif4  ID  ranrd 


•Tti*-. 


A    HANXTAL  OF    PHTSIOLOOY.     A  mw  AnoriMD,  fran  Um  tbiri  lal 

improved  LoodoD  edition.     Wii^  ivn  hunlrad  illiMntian*.     la  one  lans  and  hiiiiliiiBiii  rani 

12IIIO.  Tolune,  Leather.    pp.SSA.    O  OD.    (Jim  Juha',  1897.) 

Id  agaiD  panlof  this  work  (taroo^  hn  bauh,  the  ■olbor  hu  eadeaToraJ  to  n 

Bxpoeiiiod  of  Itae  preoeDl  oondiliin  ol  the  Mienoe,  makiog  tr-^  -'■ — " -■  - 

been  dictated  tqr  ranbar  aiparionoa,  or  a*  ibe  pfqfraM  ofini 
-■^-  ioalexooniioBllK-  "^'-"^  --  '^- 
low  prioB  at  whic 
re  the  prorewion. 


Orl^iniilly  i-nnitraruil  og  ih«  bniii  of  Ihg  nrfnitable 
InaiiiM  Dt  Mallgr,  it  bu  la  (DnMiiaive  tdliloM  de- 
nlopeditnlt  KiEDiiiJaiMion||iBiil  w>Tk,  tboDgh 
■o  ebaaf  ft  !■■■  tf?iia  nudii  in  (he  plan  DrHrnm^mEnt. 

tberer'tra,  ulinirably  ulnplHl  for  finaiuLtaliim  by  tbe 
1SS7.  ■ 

lu  u»UeDf<  it  In  it!  sompiclDdi,  ill  cdHniw. 
Hd  iU  caccfnllr  citod  anlb.iiitJgi  it  ii  iHo  iao«l 
*naT»B]»l»FIiit-b<>nllr  TbcMrenllfincii.Moan 
Klrlininu  Pa(*t,  haw  reiltr  an  immmK  ulni  (m 

law  penpli  Kiscir.  Tii<rl<">  ibeaifi  nf  icliiu 
wH.1  we  mnl  in  knnw,  wilhnul  tJiiotiBg  il  ■< 
mtTj  to  tcli  HI  nil  tbcT  knnv,— £«IDa  "-■ 
fars.  Jsanui,  May  11,  lafi7. 


KNAPP'STECHNOLOOTj  or,  CbMiitr;  applied 
to  »«  Aru  aod  lo  Manaraelure*.  Edited,  witli 
nnnwmu*  Notei  and  Additinga,  br  Dr,  EDHnvv 
Kdhald*  aod  £r.  Taoiiu  Kuuaoaoa.    PIrM 


Aaaiiaaa  edilloa,  villi  Noia  a>d  Addiiii 
Prof.  Wu.iaa  R.  Joasaoa.      la  Iwn  ku 

■BfiaTtafa'    W  M. 


apon   Anatomj,   Phjaiologj,   8nrgnT, 

a,  Cbemi*trri  Pbarnacv,  and  Tb«rapeniim.     To 
t  r»..  ti>...t.-i.  .^r  u_j;»'-.  »u, a 1.  ...  .  it j 


be  Uaiiol 
iVitk  ihna 
iMhcr,  gf 


LUDLOW  (J.  LJ,  M.  D. 

A  MANUAL  OP   EXAMINATIONS  n] 

Fraclice  of  Medicine,  Oi»leirici.  Materia  Hadi 

which  ifcadi)*^  a  Medical  FonnalirT.     D»ign«ira 

Stale*.      Third  ediiioa,  tlioroughly  reviaed  and  g'ealljr  aileadBd   and  ealarDM 

hundred  and  revenljr  iliuMraliooa.     In  one  large  and  tiandaome  royaJ  13nK>.  voli 

over  800  dowly  prjflied  page*     {Jutt  Imti.)    CS  30. 

^l><Rr«*l  popularity  of  lliiii  volume,  andlhenameroatdamandirorildariBglbelwojraaniBwtieh 
ft  hail  been  out  ol  print,  have  Induced  the  author  in  ila  revision  to  »pare  no  pains  lo  mder  a  a 
oorrecl  and  accurate  digean  of  Ibe  mart  recnil  Ooodilim  of  all  iIm  bmncbea  ofiiNiiiiFal  acimce.  la 
many  ret>peci«  it  iniy,  rhersfore,  be  r((ar^led  ralber  u  a  p«w  book  Iban  a  sew  ediiioa,  an  miie 
aeclioo  on  Fhyrlulogy  having  been  added,  ai  alM  one  on  Organic  Cbemlatry,  and  many  portioa* 
taviog  been  rewritten.  A  very  oomplele  wriea  of  iJtualmioDi  ha*  been  inlrodiKad,  aad  cnry 
oare  ban  been  taken  in  tha  snobaBioal  ajteontioa  lo  randar  it  a  noaveoieBl  aad  ntiafaiilBn  boat  At 
■lady  or  reference . 

Tbearrangerarniof  iherolDmein  iba  (orm  of  qnaMioa  aad  aaawrr  mdei*  it  mpeoialiy  aiaMd 
nir  Ihe  nfflce  examinalion  of  uixleala  and  for  tkoae  preparing:  for  tiadnalioa. 

'Wckaovnlao  bttUi  anmwabn  fai  "      -    'illin <  lalulili  bnH|  II 

tt«h,ata(t*Be«^aiuuBo<i  ot  UtamV^Ws^Av^ 


u  Wfun\  t&>-t ,  1£K1 . 
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LEHMANN  (C.  Q.) 

PHYSIOLOGICAL   CHEMISTRY.     Tnnslated  from  the  aecond  edition  by 

Gborox  E.  Day,  M.  D.,  P.  R.  8.,  9ce.^  edited  by  R.  E.  Rogers,  M.  D.,  Profeiii*or  o£  Chemifttry 
in  the  Medical  DeMrtment  of  the  (Jnivemty  of  Penn^yhrania,  with  illustrations  selected  from 
Funke's  Atlas  of  Poysiolo^oal  Cbemistrv,  and  an  Appendix  of  plates.  Complete  in  two  large 
and  handsome  octavo  volumes,  extra  cloth,  oontaining  1200  pages,  with  nearly  two  htmdred  illus- 
trations.   $6  00. 

Thifa  great  work,  universally  acknowledged  as  the  most  complete  and  authoritative^xposition  of 
the  principles  and  details  of  Zoochemistry,  in  its  passa^  through  the  press,  has  received  from 
Profexsor  Rogers  such  care  as  was  necesMiry  to  preKent  it  in  a  correct  and  reliable  form.  To  such 
a  work  additions  were  deemed  superfluous,  Dut  several  years  having  elapsed  between  the  appear- 
an(*e  in  Germany  of  the  first  and  last  volume,  the  latter  contained  a  supplement,  embodying  nume- 
rous corrections  and  additions  resulting  from  the  advance  of  the  science.  These  have  all  been  incor- 
porated in  the  text  in  their  appropriate  places,  while  the  subjects  hove  been  still  further  elucidated  by 
the  int<eriion  of  illustrations  from  the  Atlas  of  Dr.  OttoFunke.  With  the  view  of  supplying  the  student 
w^ith  the  means  of  convenient  comparison,  a  large  number  of  wood-cuts,  from  works  on  kindred 
subjectii,  have  also  been  added  in  the  form  of  an  Appendix  of  Plates.  The  work  is,  therefore,  pre- 
sented ap  in  every  way  worthy  the  attention  of  all  who  desire  to  be  familiar  with  the  modem  facts 
and  doctrines  of  Physiological  Science. 

it  Uc§U.-^Xdimhmrgh  Monthlf  Joumai  of  Midieai 
SeUnes. 

Already  well  known  and  appreciated  by  the  scien- 
tific world,  Profeuor  Lehmann*!  great  work  re- 
quires no  laudatory  Kntencei.  as.  andrr  a  new  garb, 
it  if  now  presented  to  na.  Tne  tittle  space  at  our 
enmmand  would  ill  anffice  to  aet  forth  even  a  amall 
portion  of  ita  exeeileneea. — Boston  Mtd.  and  Surg. 
Journal^  Dee.  1856. 


The  moat  important  contribution  aa  yet  made  to 
Phyaiolofrical  Chemiatry. — JUn.  Journal  Mod.  8ei' 
onetSy  Jan.  1856. 

The  preaent  ynlnmea  belong  to  the  amall  elaas  of 
medicHl  literature  which  compriaea  elaborate  worka 
of  the  hif^heat  orderof  merit.— Moafraaj  Mtd.  Chron- 
icle, Jan.  1856. 

The  work  of  Lehmann  atanda  unrivalled  aa  the 
moat  comprehenaive  book  of  reference  and  informa- 
tion extant  on  every  branch  of  the  aubjeet  on  which 

BT  THK  8AMB  ATrrHOK.      {Just  IsSUod.) 

MANUAL  OF  CHEMICAL  PHYSIOLOGY.      Translated  from  the  Gennan. 

with  Notett  and  Additions,  by  J.  Cheston  Moeris,  M.  D.,  with  an  Introductory  Essay  on  Vital 
Force,  by  Samuel  Jackson,  M.  D.,  Professor  of  the  Institutes  of  Medicine  in  the  University  of 
t'eim>yl vania.  With  illuiitrations  on  wood.  In  one  very  handsome  octavo  volume,  extra  cloth, 
of  336  pages.    $2  25. 

From  Prof.  Jadton'M  Introductory  Esoof, 

In  adopting  the  handbook  of  Dr  Lehmann  as  a  manual  of  Organic  Chemistry  fbr  the  use  of  the 
students  of  ine  University,  and  in  recommending  his  original  work  of  Physiological  Chrmistrt 
for  their  more  mature  ntudicp,  the  high  value  of  his  researches,  and  the  great  weignt  of  his  autho- 
rity in  that  important  department  of  medical  science  are  fully  recognised. 

LAWRENCE  (W.),  F.  R.  8.,  Sec. 
A  TREATISE   ON   DISEASES   OP   THE   EYE.    A    new  editioti,  edited, 

with  numerous  additions,  and  243  illustrations,  by  Isaac  Hays,  M.  D.,  Surgeon  to  Will's  Hospi- 
tal, &c.  In  one  very  large  and  handsome  octavo  volume,  of  950  pages,  strongly  bound  in  leather 
with  raised  bands.    $5  00. 

This  admirable  treatiae-  the  aafeat  rnide  and  moat 
oomprehenaive  work  of  reference,  wnich  ia  within 
the  reach  of  the  profeaaioa. — Stotkoseopo. 


Thia  atandard  tezt-book  on  the  department  of 
whieh  it  treata,  haa  nut  been  auperaedcMl.  by  any  or 
all  of  the  numeroua  publicationa  on  toe  aubjeet 
heretofore  iaaued.  Nor  with  the  maltiplied  improve- 
menta  of  Dr.  Haya,  the  Amerioun  editor,  ia  it  at  all 


likely  that  thia  great  work  will  eeaae  to  merit  the 
confidence  and  preference  of  atadenta  or  practition- 
•ra.  Ita  ample  extent — n«irly  one  thouaand  large 
octavo  pag ea—  haa  enabled  botli  aathor  and  editor  to 
do  juatice  to  all  the  detaila  of  thia  anbject,  and  eon- 
denae  in  thia  aingle  volume  the  preaent  atate  of  oar 
knowledge  of  the  whole  acience  in  thia  department, 
whereby  ita  practical  valne  oannot  be  excelled. — If. 
Y.  Mtd.  GoM. 


LAYCOCK  (THOMAS),  M.  D.,  F.  R.  S.  E., 

Profeaaor  of  Practical  and  Clinical  Medicine  in  the  Univeraity  of  Edinburgh,  fte. 

LECTURES   ON   THE    PRINCIPLES    AND   METHODS    OF   MEDICAL 

OBSERVATION  AND  RESEARCH.  For  the  Use  of  Advanced  Siudents  and  Junior  Prao- 
litiuners.  In  one  very  neat  royal  I2mo.  volume,  extra  cloth.  Price  $i  00. 

LALLEMAND  AND  WILSON. 

A    PRACTICAL    TREATISE    ON    THE    CAUSES,    SYMPTOMS,    AND 

TREATMENT  OF  SPERMATORRHCEA.     By  M.  Lallbmand.    Translated  and  edited  by 

Henry  J  McDouoall.     Third  American  edition.    To  which  is  added ON  DISEASES 

OF  THE  VESICULJE  SEMINALES;  and  their  associatkd  groans.  With  spfcial  refer- 
ence to  the  Morbid  Secretions  of  the  Prostatic  and  Urethral  Mucous  Membrane.  By  Marris 
Wilson,  M.  D.    In  one  neat  octavo  volume,  of  about  400  i;»p.,  extra  oloth.  92  00.  {Now  Roady.) 

Although  the  views  of  M.  Lallemand  on  Spermatorrhoea  hf  ve  unquestionably  exercised  a  very 
great  influence,  and  the  treatment  advocated  by  him  has  been  very  generally  adopted,  sfill,  a  num- 
ber of  yearn  having  elapsed  since  Ikis  work  was  given  to  the  world,  tlMS  publishers  have  thought  that 
the  value  of  the  prevent  edition  would  be  enhanced  by  the  addition  of  'be  little  treatise  of  Dr. 
Markis  Wilson.  In  it  the  cause's  of  the  difierent  varieties  of  Spermatorrhoea  are  investigated  with 
the  aid  of  modern  pathology,  from  which,  oombmed  with  the  moMt  recent  expenence  of  the  pro- 
fession, the  attempt  is  made  to  deduce  a  rational  system  of  curative  treatment  Whatever  defi- 
ciencies mav  have  been  caused  in  the  work  of  M.  Lallemand  by  the  progrets  of  medical  science,  will, 
it  is  hoped,  be  in  this  manner  supplied. 


30  BL&NCUAED  fe  LEA'S  MBDICA.L 

^^^         UA    ROOME  IR.l,   M.D.,  ate. 
YELLOW  FEVER,  eooaiderad  in  its  Hirtorinl,  FitbologiaJ,  EMwoii,  nd 

TbarumitifMl  Ralkliooi.  iDclnding  •  Sketck  of  tba  Duesaa  •■  il  ba*  oocumid  id  nMilfU* 
Iraia  1^^  1854,  with  u  aiaratHlitn  of  lb*  ooooaoliau  beiwean  it  Bod  tta  fcrcrafciaffcr 
tba  *«ma  nuns  in  Mbar  pvU  of  lenpsma  u  wall  w  in  Iropkal  rngtoa»  !■  lira  taffi  mi 
hudMMDeoeUTOTDlaiiHworDavly  ISOO  paau,  exln doth,    ri  OO. 

Pttm FnfiiHr  S.  S.  DifkJtn,  Ckarlutn,  S.  C,      .'  .  .  ....  ' i   r-r'M  •tTi4<'.i>l  i^inBli 

•  Sirtnitir  IS,  L8«.  ,.  -■..-..  -.  v.-..i  -.   '.i,-  h,,h...i  t,,  ..  Lf«  •• 

wareh,  ■limt  wikhoal  uampla.    It  Ii,  ludnd,  li 
■  llbraTT,*   " 

■rof ' vfaich  It  t»- 

MBlrr-    fl'i/ilcMtiied  to  'w-c'in 
■  fKramUwnUMtofVeUmrPn 
r   ud  pBTsiciB*  will  lad  la  Ibaaa  ti 
'    ofUMisatoulof  thskaowlalfvor  ID' •-.m 
Uw  KwOil  «wne  whi«i>  tk*r*o>lat><  •-■'''  <• 
Thiitjlfl  Usn  aofl  aad  ao  par*  u  <»  irtrr*^* 
vifuimu  at*  lalBd  vrliila  abaorbiw  i"-    "'  t 
tba  tiflad  ■ilkoi,  vhila  Ika  pa<il»t>f>  L<n 
cadcd  ia  briaaiaf  cba  nUroala  ialu  ■  d;.  <••.  di 
iBf  uriiE  Ilia  iaapiratina  th<i  .in..  ■  ■ 

!r«    wikuiji«veMalADciblar 

Or,  La  Rocbc  ihaald  ka  r>  bacm  i  wi 
al  lUa  ptnlanlu  tioa.  Tbt  mat 
gut  of  all  Ikai  i(  kaoars  ia  nUtio 
^JadT  tea  IdH  ban  fal  1— a  nat  t 
AMiatbairafe  bifun  Ba.  Wad 
I  d*T— a  Tall,  «Mi|ilaM,  aai  ajraMaatta  traatlaa,  piajaa  ia  181  tbai  Di.  1«  Ri^ba  . 
■Baqnlladtajraay  otbaiapoatfcaall-iMornBtaali-  prsKaiiaa  li«  piuAarioB  wlib  ai 
leatofYallowFeTBi.  The  laboiloa*,  M(<atifabl*,  m.wjn>nli.  oat  wliiek  will - 
■Bd  lianail  aatboi  baa  darotad  to  It  mai)'  jmin  of    w^ll  I'lriiFird  LiliiaiT' —  ^*  Sm^aietft- 

PNEUMONIA ;  ita  Sappoaed  Conneoldoti,  FkUiolc^iokl  and  Etiolo0(«I,  witli  Ai- 
tumnal  Favan,  iDolndiu  an  Inquiry  into  ihe  Existenoe  and  Hortud  Ajnaey  of  Maluia.    la  mt 
.    (3  00. 


MrLLER  (HENRY),  M.  D„ 

ProrMaor  of  ObaUlric*  aad  DiHa»*  of  Wann  aad  ChlUroi  ia  tka  Uainnritr  of  U 

PRINCIPLES  AND  FRACTi£K  OF  OBSTETBICS,  Ac. ;  iDclnding  the  Tntt- 

maat  oT  Cbn»io  InlanmatioD  of  Iha  Cerrix  and  Body  of  the  Utama  o — '■---'  -       ■ ■ 

cauae  of  Aborlioo.     With  aboat  ou  handral  iUiMntioDi  oa  irood.     ,' 

tavo  TDlnine,  or  over  600  page*.    (JVw  EtaJf.)    S3  75. 

Tho  repaialion  o(  Dr.  Miller  at  ao  ^Mlalrieias  i>  loo  widely  uprnd  II   ._, „ 

Ihe  proroMioD  to  ba  (peaialljr  ealJed  to  a  volonM  coolainiogibe  eipariencv  of  lii*  loaf  h 
praotioe.  TIM  very  favorabla  reocplioD  acoordad  lo  kia  '■  TreaiiM  oe  Hiuaao  Parfarili  . 
■OEPe  yeara  ninoo,  la  an  eamad  Ikat  Ihe  pcowiit  work  will  fulfil  Ibe  aolbor'a  ialealioa  at  pwwiJt 
within  a  moderal*  nompa«a  a  complMa  and  troUwocthf  lexl-book  for  Iha  aiudeai,  aad  buuk  gf  it- 
(eraaee  for  tbe  praolitiooer.  Baaed  lo  a  aerlain  exMol  apoa  the  former  work,  bul  ealai|ed  lo  nan 
than  doable  iti  fixe,  and  almosl  wholly  rewrttloD,  il  prment*,  be»idaa  Ibe  malurad  expiricac*  at 
ibe  author,  tbe  most  reoent  viewi  and  ioTutiialiaaa  of  modern  obdelrio  writerw,  aock  aa  Ucaan, 
Cazeiui,  Sivpsot),  TrtES  SHFTn,  &C.,  Ibus  embodying  ibe  rewilla  not  mI«  oflka  Amtmm, 
bui  also  of  Ibe  Parin,  the  London,  and  the  Ediabargta  OMtelhc  •choo)*.  7*beaiiihor'»poriiioa  lni» 
many  yeara  u  a  leiciiar  of  hisfavoriie  braaoh,  baagiTaa  bim  a  familiarity  wiih  il>a  waaoaf  iia- 
denia  and  a  facility  of  oonveyiog  inalruclwu,  whioh  eaonot  lail  to  reader  tbe  roloBia  cmiaeuly 
adapted  to  ill  purpoie*. 

Wa  enaaratalaM  the  aBtbor  that  t)ig  talk  I*  done.  Id  fket,  tliiivnlimeoiaat  take  ita  pluaawHtt* 
WeenniratBlauhliBthaihahaiglTea  to  themedi'  lUailoril  lyiunulie  trtallan  m  ubatetrin:  ■  wai. 
ealpalilir  a  work  whioh  will  a«:ar«  for  himahifh     lion  to  which  Uaianita  lietlr  ntillaH.    TWM'li 


ritieaon  tii<  prisHplx  aad  praana  ...                                      .     _        „ 

fetiM>B  of  tliii  enaatryt  OD  Ifa*  aeqalaitioa  of  a  tna-  Mwaplabla  aad  nJaabla  la  iKith  ia^— ta  aaa  prae- 

and  uparirnesuf  Prof.  Hillai.    Pew  «Ma,  tf  uy,  aoUsa  wllhoal  WKVnl'alaiii^  the  aaUm  aad  iW 

OB  ItiiidepartaHlnrnedialae.    Bifand for ttirlr.  Irealii*.    ThraolliDr  ii  a  weotcra  aaanf  whnaw* 

fln  yean  la  as  •itnded  praellse  of  ubaKlrici,  fur  hal  pmad,  aad  we  aaaaot  kal  Ihiak  thai  >i«  ».« 

In  one  iif  Iha  larf  1*1  of  oat  laiUtathiBa,a  dilifeat  obalatrici  lataafhludiladiadaaa  aeirara  ul  aa 

(liid«l»wellaiaear(rnlobHrTar,aBD[i(iBatu>d  art.— rt< CimtbaiMi l^al^i Otmimi, F«k  Uti. 

indrpeodeol  Ihiaker,  wedded  tn  bo  hobbiee,  erer  »  _„«  rMoaelabla  aad  ealaable  aMiiina  id  ear 

ready  loeoa.,derwllhoelpreJodleeBewrt«wa,aBd  J,™^»dieariita.«ara,  aad^  Rll.ei»7r*M 

^TJ^'lT'J^"'^'Z^lS""'7.'^"^'^**l  •liK.-lhaaaSoraadti.  lB.tiiBti«"  ™h  h. 

Sf  1^1;;StS#'T'"^c==  iii'-a^.-gii'.sJriija^e.f-iL'v^^ 

S^hb^HrcS^^'-l^"  ;iX'.:sSa''-ft^rsa^^.':^~5 

ueaaadeof  ETary  re*diB(aadllilakinKpTaelIUua>T  EEea-  aad  wa baea Miaa  f^itlwiimen  iiiilii 

o(Uiijeouatry.-aaf,l,jr.d  /»rHj,  Mar.  ISD8.  ^,„  «i,„iiy  eOBWlla*  by  tba  pn>faaue7.^ra. 

ita.7«m>it,rtk.um. 
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MEIQ8  (CHARLES  D.).  M.  D., 
ProfeMor  of  Obttetries,  ^e.  in  th«  Jeflferioa  Medieal  Collage,  Philftdelphia. 

OBSTETRICS :  THE  SCIENCE  AND  THE  ART.    Third  edition,  revised 

and  improved.   With  one  hundred  and  twenty-Dine  illustrations.  In  one  beautifully  printed  octaTO 
volume,  leather,  of  seven  hundred  and  fifty-two  large  pagea.    $3  75. 

The  rapid  demand  for  another  edition  of  this  work  is  a  sufficient  expression  of  the  favorable 
verdict  of  the  profemion.  In  thus  preparing  it  a  third  time  for  the  press,  tne  author  has  endeavored 
to  render  it  in  every  respect  worthy  of  the  favor  which  it  has  received.  To  accomplish  this  he 
has  thoroughly  revised  it  in  every  part.  Some  portions  have  been  rewritten,  others  added,  new 
illustrations  have  been  in  many  instances  substituted  for  such  as  were  not  deemed  satisfactory, 
while,  by  an  alteration  in  the  typographical  arran^roent,  the  size  of  the  work  has  not  been  increased, 
and  the  price  remains  unaltered.  In  its  present  improved  form,  it  is,  therefore,  hoped  that  the  work 
will  continue  to  meet  the  wants  of  the  American  profession  as  a  sound,  practical,  and  extended 
System  of  Midwifbrt. 


Though  the  work  has  received  only  five  pages  of 
enlargement,  its  chapters  throughoaC  wear  the  im- 
preutif  careful  revision.  Expunging  and  rewriting, 
remodelling  its  sentences,  with  occasional  new  ma- 
terial, all  evince  a  lively  desire  that  it  shall  deserve 
to  be  regarded  as  improved  in  maHiur  as  well  as 
ffiatter.  In  the  matur,  every  stroke  of  the  pen  has 
increased  the  value  of  the  book,  both  in  expongings 
and  addiiioas  — Wesum  Lancet^  Jan.  1867. 


The  best  American  work  on  Midwifery  that  is 
accessible  to  the  student  and  practitioner — N.  W. 
Mtd.  and  Surg.  Joumaly  Jan.  1657. 

This  is  a  standard  work  by  a  great  American  Ob- 
stetrician. It  is  the  third  and  last  edition,  and,  in 
the  lacguage  of  the  preface,  the  author  has ''brought 
the  subject  up  to  the  latest  dates  of  real  improve- 
ment In  our  art  and  Science."— iVa«4vi/<<  Joum.  qf 
Mtd.  and  Surg.^  May,  1867. 


BT  THl  8A1U  AUTHOK.     {Lately  Issusd.) 

WOMAN :  HER  DISEASES  AND  THEIR  REMEDIES.    A  Series  of  Lee- 

tures  to  his  Class.    Third  and  Improved  edition.    In  one  large  and  beautifully  printed  octavo 
volume,  leather.        pp.  673.    $3  60. 

The  gratifying  appreciation  of  his  labors,  as  evinced  by  the  exhaustion  of  two  large  impressions 
of  this  work  withm  a  few  years,  has  not  been  lost  upon  the  author,  who  has  endeavoredf  in  every 
w^ay  to  render  it  worthy  of  the  favor  with  which  it  has  been  received.  The  opportunity  thus 
atfordnl  for  a  second  revision  has  been  improved,  and  the  work  is  now  presented  an  in  every  way 
superior  to  its  predecessors,  additions  and  alterations  having  been  made  whenever  the  advance  oif 
science  has  rendered  them  desirable.  The  typographical  execution  of  the  work  will  also  be  found 
to  have  undergone  a  similar  improvement,  and  the  work  is  now  confidently  presented  as  in  every 
way  worthy  the  position  it  has  acquired  as  the  standard  American  text-book  on  the  Diseases  of 
Females. 

It  contains  a  vast  amount  of  practical  knowledge, 
by  one  who  has  accurately  observed  and  retained 
the  experience  of  many  years,  and  who  tells  the  re- 
sult in  a  free,  familiar,  and  pleasant  manner.— Dti&- 
lin  Quarterly  Journal. 


There  is  an  off-hand  fervor,  a  flow,  and  a  warm- 
heartedness infecting  the  eflf^rt  of  Dr.  Meigs,  whieh 
is  entirely  captivating,  and  which  absolutely  hur- 
ries the  reader  through  from  beginning  to  end.  Be- 
sides, the  book  teems  with  solid  instruction,  and 
it  shows  the  very  highest  evidence  of  ability,  vis., 
the  clearness  with  which  the  information  is  pre- 
sented. We  know  of  no  better  test  of  one*s  nnder- 
standing  a  subject  than  the  evidence  of  the  power 
of  Incioly  explaining  it.  The  most  elementary,  as 
well  as  the  obscurest  subjects,  under  the  pencil  of 
Prof.  Meigs,  are  isolated  and  made  to  stand  oat  in 


sneh  bold  relief,  as  to  produce  distinct  impressions 
upon  the  mind  and  memory  of  the  reader.  — T4« 
CkarUtton  Mid.  Janmal. 

Professor  Meigs  has  enlarged  and  amended  this 
great  work,  for  saeh  it  unquestionably  is,  having 
passed  the  ordeal  of  criticism  at  home  and  abroad, 
out  been  improved  therebv ;  for  in  this  new  edition 
the  author  has  introduced  real  improvements,  and 
increased  the  value  and  utility  of  the  book  im- 
raeasarably.  It  presents  so  many  novel,  bright, 
and  sparkling  thoughts;  such  an  exuberance  of  new 
ideas  on  almost  every  page,  that  we  confess  our- 
selves to  have  become  enamored  with  the  book 
and  its  author;  and  cannot  withhold  our  congratu- 
lations from  our  Philadelphia  eonfreres,  that  such  a 
teaeher  is  in  their  service.— i^.  Y.  U$d.  Gatutu. 


BT  THl  SAMS  AUTHOft. 

ON    THE    NATURE,    SIGNS,    AND    TREATMENT    OF    CHILDBED 

FEVER.    In  a  Series  of  Letters  addressed  to  the  Students  of  his  Class.    In  one  handsome 
octavo  volume,  extra  cloth,  of  365  pages.    92  50. 

This  book  will  add  more  to  his  fams  than  either 
of  those  which  bear  his  name.  Indeed  we  doabt 
whether  any  material  improvement  will  be  made  on 
the  teachings  of  this  volume  for  a  century  to  come. 


The  instructive  and  interestinff  author  of  this 
work,  whose  previous  labors  in  the  department  of 
medicine  which  he  so  sedulously  cultivates,  have 
placed  his  countrymen  under  deep  and  abiding  obli- 

fations,  again  challenges  their  admiration  in  the 
resh  and  vigorous,  attractive  and  racy  pages  before 
us.  It  is  a  delectable  book.  •  •  •  This  treatise 
upon  child-bed  fevers  will  have  an  extensive  sale, 
being  destined,  as  it  deserves,  to  find  a  place  in  the 
library  of  every  practitioner  who  scorns  to  lag  in  the 
rear. — NaskvilU  Journal  ef  Midieitu  and  Surgery. 


since  it  is  so  eminently  practical,  and  based  on  pro- 
found knowledge  of  the  icUnee  and  consummate 
skill  in  the  art  of  healing,  and  ratified  by  an  ample 
and  extensive  experience,  such  as  few  men  have  the 
industry  or  good  fortune  to  acquire.- J\r.  7.  Jfsd. 
Oaaetu, 


BT  THl  SAMS  AI7THOK  ;  WITH  COLORXD  PLATSt. 

A  TREATISE  ON  ACUTE  AND  CHRONIC  DISEASES  OP  THE  NECK 

OF  THE  UTEKUS.    With  numerous  plates,  drawn  and  colored  ih>iii  Bmture  in  the  highest 
style  of  art.    In  one  handsome  octavo  volume,  extra  cloth.    $4  SO. 

MAYNE'8  DISPENSATORY  AND  THERA- 
PEUTICAL REMEMBRANCER.  Comprising 
the  entire  lists  of  Materia  Medics,  with  everv 
Practical  Formula  ctmtained  in  the  three  British 
PharmaeopcBias.  Edited,  with  the  addition  of  the 
Formulas  of  the  U.  8.  Pharmaoopoiia,  by  R.  E. 
G£irriTH,M.D.  liamo.vol.ax.ci.,30Upp.  76  e. 


MALQAI0NE*8  OPERATIVB  8UROERY,  . 
on  Normal  and  Patholcgieal  Anatomy.  Trans- 
lated from  the  Freneh  by  FxmaaicK  Bxittah, 
A.  B.,M.D.  Withnaraerons  illustrations  on  wood. 
In  one  haadsooe  octavo  volame,  extra  eloth,  of 
nearly  six  hundred  pages.    •!  S6. 


^  BLANOHAAD  St  LEA,'S  MKDICAL 

MAGLIBC  IJOSCPH),    BURQEON. 
BtJRGICAL  ANATOMY.    Forming  one  Tohuno,  «rj  Urga  inpniil  Hvte. 

Wilh  fiitT-eichl  large  and  npleDdM  P1ale»,  drawn  Id  ibe  hcM  •trh  aad  htaut ifafly  nofaiat  C(b> 
MrnlniF  one  humlrrf  aa^  atalrty  rignrea,  nany  of  ibMa  ihe *im  of  life.  Tnntbar  witti^wi 
and  eip^aruiTory  leller-pr«M-  Stroiigly  —4  handMiaaty  bcnii4  ia  «(U«  cfatk,  beiaff  Ma  rf  Ita 
Bheapa*t  Hid  beat  ezacuted  SiUfteal  work*  aa 
•  •The«il8orihiBWorltpPB»*Blail»lfanam 

wko  daire  to  have  oopiea  (orwardBd  by  mafl,  t 

wrappera.    Frioe  *S  00. 
Oas  or  Ik*  gnateat  artiatie  triaiapk*  of  Ike  at* 

la  8ar*la*l  ttxaVmy^BriiUk  AimHtim  MUitMl 

Tni  BBEh  iiaHBnt  ba  aald  ia  lu  pralM;  ladrnd, 

ft  aa<  SnrritS  J«af  ■!. 
Th*  OMMt  ■dnliabl*  larfteal  aUu 

Td  th«  prpctitiimer  de^vad  of  dea 
*«ettnii*  ipun  tha  knnun  labinl,  it  I 
eomixuuoii.— ff.  /.  Itidiiml  ttipirUi 

Thg  iBDA  annntclT  ewnnd   aad  baaatlftillT 
Ofrfnmd  pUiea  ire  h«*t  «»«  ••■o  i 
konk— me  of  the  Iwat  tad  cbeapcat 
•Tiir  pnbJiihHf,— fajTali  Kt*ital  /< 


lu  plaw*  eaa  boan , .,   ^ 

lkemilid»*tbvTOBdlhenaekaf«am|>eUtlon.— HiM- 
*■!  Szamtetr. 

Enry  prteiltlaBar,  w*  tklsk,  ifaaald  ban  a  work 
of  tkia  klad  ariUiia  te*ek_S«>aer-  -■■•'-•  — ■ 


Nauck  lilknarapkie  lllaitial 
rinaika**  hithino, watbt--  - 
MiMhJ  and  aargUal  Jnt 


MORLANO  (W.  WJ,  M.  D. 
Fellow  nr  Ika  MKimkaaalti  Xaffaal  VmMt.  Ab. 

DISEASES  07  THE  URINARY  GROANS;  a  Compendinm  oTtheir  Diigoons 

Paibolo^,  and  TreatmaDt.    With  lUuttrationi.    In  ooa  larga  aad  hi    ' 

aboul  6U0  page*,  extra  ololb.     lNtwn^f<^-  '^^i    Pnoa  13  SO. 

ThisToJume,  it  is  hopej,  will  aupplf  the  want  of  a  work  pteiimtiii(  wii bio  coaTaDfcBl  oaafaM 
Ibe  wbole  iiibjad  ol  Ifao  du«BKi  to  wfaicfa  ail  Iba  nrloary  oi^w*  ais  liatile,  wiib  Ibrir  liitiiar. 
boih  laedical  and  mir^cal.  Tha  «ira  of  Iba  awhor  ba*  bvan  ikruogbiMil  foeoMlenae  iba  roatit  uf 
Iba  mof I  reoent  inveniKatioae  In  a  ctaaT  aad  avonaM  BaBner,  oaitrn^  noabing-  sT  pradKsl  la- 
portaDoa.  witboui,  al  tba  Mine  DnM,  embarraaaing  Iba  Modeal  wiik  naaataiiaary  a^n^aiii— . 
Various  elaborate  maS  imporiint  work*  bare  reeeat I JT  appeared  oo  ddbrcu  drpanaxaM  e( 'k* 
aubjecl,  but  none,  ii  i'>  beJieved,  wbich  tboroufbly  eorar*  Ibe  wbule  grooBd  in  tbe  manntf  wtaica 
Dr.  Morland  baa  attempted. 


A  PRACnOAL  TREATISE  ON  DI8KASK8  AND  ^NJURYBS  OF  TRS 
ETE.  To  wHicb  I*  prelUod  an  AflUomleal  Introduelion  exdoMtarr  ol  ■  Uoriantxal  Seetn  J 
the  Human  Eyeball,  by  Tiunui  Wubton  Jons,  P.  E.  S.  FroM  Ike  Poaitb  Bcriaed  Md  Ea- 
larpod  London  Edition.  Wilk  Nolea  and  Addidou  by  Asbiukll  Hawnoa,  M.  D.,  T 
Will* Haepilal,fta dee.  Inaaeverylarnaodbandaoaeoauvovelna 
plate*  aai  nnnaroa*  wood«au.    H  SO. 


KLL  HawMw,  M.  D.,  Swnoa  W 
liama,  lentbaa,  cniaed  baaia,  wnb 


ini  place,  aad  (Omie,  la  raepee 
ircb.an  EDeiielopadia  nieqaa 
iiherwnrk  of  ibekind, Bilker  Bi 


riieaLt.,    utf  klaaeir  hailiai 


It  diepiared,  ike  thorovb  agaowDlaDce  witk  :..-  'ke  moil  eunpetei 

Mbteat,pnatlaal)yMWaiulbaaratlealir,aad    ...  Kje"  ka*Ja*Ur  i 

abl.a»ia.riawkieklb*«.Uu>f.MoreaarUam<Dv  <£*("*£L3^ 

aa4aiparl>ae*ware  r*ad*red*mlaWelbr|tM''i>l  AnifaJMua-C 


rrocared  for  tka  Inl  BUtiu^  aa 
as  ta  Ikis  Boaalrr,  that  klak  pa 

BB  a  ttaadard  work  wblek  atok iiiiiilis  «i 

baa  taoia  fcim\i  uub\Viha&,^  ^xaot  ite«  u 
taQnaa(*«t*TalitTBl*(<*nwaaBiliHVai-  'W' 
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MILLER  (JAMES),  F.  A.  8.  E., 
ProfMsor  of  Surgery  in  the  Uniyertity  of  Edinbarg h,  ^o. 

PRINCIPLES  OP  SURGERY.    Fourth  American,  from  the  third  and  revised 

Edinburgh  edition.    In  one  large  and  very  beautiful  volume,  leather,  of  700  pages,  with  two 
hundred  and  forty  exquisite  illustrations  on  wood.    93  75. 

Tke  work  of  Mr.  Miller  u  too  well  and  too  favor- 
ably known  among  at,  at  one  of  our  hett  text-bnoka, 
to  render  any  further  notiee  of  it  neceaaary  than  the 
annoancemrat  of  a  new  edition,  the  fourth  in  oar 


putation,  or  seeks  the  interests  of  his  clients,  can 
acopit  himself  before  his  God  and  the  world  without 
malcing  himself  familiar  with  the  sound  and  philo- 
sophical views  developed  in  the  foregoing  book. — 
N9W  OrUtuu  M«d.  and  Surg.  Journal. 


Surg. 

VITithout  doubt  the  ablest  ezpoaitlon  of  the  prin- 
oiples  of  that  branch  of  the  healing  art  in  any  lan- 
guage. This  opinion,  deliberately  formed  after  a 
careful  study  or  the  first  edition,  we  have  had  no 
eaase  to  change  on  examining  the  second.  This 
edition  has  undergone  thorough  reviaion  by  the  au- 
thor; many  expressions  have  been  modified,  and  a 
matt  of  new  matter  in  troduced .  The  book  it  got  up 
in  the  fineat  ttyle,  and  it  an  evidence  of  the  progreaa 
of  typography  in  our  country  .—CAoriMloa  Mtaicul 
J%mnaioud  Jtsoitw. 


country,  a  pr(»of  of  its  extensive  circulation  among 
na.  At  a  coneite  and  reliable  expoattion  of  the  aei- 
enee  of  modem  surgery,  it  atanda  deservedly  high— 
we  know  not  ita  taperior .—£o«Im»  Af«<i.  amd  Surg. 
Journal. 

It  pretentt  the  roott  satisfactory  exposition  of  the 
modero  doctrinea  of  the  principlet  of  turgery  to  be 
found  in  any  volume  in  any  language.— iV.  r.  Journal 
of  Mtditiiu. 

The  work  taket  rank  with  Wataon'a  Practice  of 
Phytic;  it  certainly  does  not  fall  behind  that  great 
work  in  aoundness  of  principle  or  depth  of  reason- 
ing and  reaeareh.    No  phyaieiaa  who  values  his  re- 

BT  THl  SAME  AITTHOR.     {Now  R&ody,) 

THE  PRACTICE  OF  SURGERY.  Fourth  American  from  the  last  Edin- 
burgh edition.  Revised  by  the  American  editor.  Illustrated  by  three  hundred  and  sixty- four 
engravingrs  on  wood.    In  one  large  octavo  volume,  leather,  of  nearly  700  pages.    $3  75. 

No  encomium  of  ours  could  add  to  the  popularity  his  worka,  both  on  the  principiea  and  practice  of 

of  Miller'a  Surgery.    Ita  reputation  in  thia  country  aurgery  have  been  aasigned  thehighest  rank.    If  we 

is  unturpasaed  by  thatof  any  other  work,  and,  when  were  limited  to  but  one  work  on  aurgery,  that  one 

taken  in  cimnection  with  the  author's  PrineipUi  of  should  be  Miller's,  as  we  regard  it  at  tuperior  to  all 

Surgerfj  constitutes  a  whole,  without  reference  to  others. — St.  Louit  M9d.  ami  Surg.  Journal. 

to  which  no  contcientioutturgeon  would  be  willing  ,^        .^     ^     ,    ...       ^  v   << »_«     .  i     .. 

practice  his  art-  Soutk^m  Mid.  and  Surg.  Joumaf.  The  author  hat  in  this  and  his  "  Principles,"  pre- 

,..   ,.. ..    ., ,           .                     ^  seated  to  the  profession  one  of  the  most  complete  and 

«,J.f«!S          '**'^  ^®  volumea  have  ever  made  ao  reliable  systems  of  Surgery  extant.    His  style  of 

R  SCin Jf«i«»  "JK^^iir^/S  ■o,"*>o;^  •  time  as  the  ^^^^  ia  original,  impressive,  and  engaging,  ener- 

%Mf'\Sf}S^^  *^  't?      '^'^.^'^J'X    °'  ^"^^•'1^**^  fett«.  eoncis^  sad  laeid.    Few  havrtke  ftoilty  of 

Mr.  Hiller-or  ao  richly  merited  the  reputation  the^  Jondenaing  ao  much  in  small  apace,  and  at  the  aame 

SrJ%!f 3?i??  .  Jl*.r^:!l?:Ji!.!f  i^^^^^  time  ao  pe%irtently  holding  theattenUon    Whether 

book  of  reference 
(trongly  i 
Mod.  and  Fkftieal 
By  the  almost  unanimous  voice  of  the  profession,    Seioneio. 


™'«ri?    !.Vl"**»'*'fJ-"'°'^l™f'  man,  who  knows    „  «  text-book  for  ttudenti  or  a 

exactly  what  he  it  talking  about  and  exaeUy  how  to    fo,  practitionera,  it  cannot  be  too  ttronifly  recora- 

talk  it.^Kentuckw  Mtdteal  Recorder.  men5ed.-5oftf*«fm  Journal  </  i 


MONTGOMERY  (W.  F.),  M.  D.,  M.  R.  t.  A.,  frc, 

Profeaaor  of  Midwifery  in  the  King  and  Queen'a  College  of  Physicians  in  Ireland,  fte. 

AN  EXPOSITION  OF  THE  SIGNS  AND  SYMPTOiMS  OF  PREGNANCY. 

With  some  other  Papers  on  Subjects  connected  with  Midwifery.  From  the  second  and  enlarged 
English  edition.  With  two  exquisite  colonfd  plates,  and  numerous  wood-cuts.  In  one  very 
handsome  octavo  volume,  extra  cloth,  of  nearly  600  pages.    {Just  Issuod,  1857.)    $3  75. 

The  present  edition  of  this  classical  volume  is  fairly  entitled  to  be  regarded  as  anew  work,  every 
sentence  having  been  carefully  rewritten,  and  the  whole  increased  to  more  than  double  the  original 
size.  The  title  of  the  work  scarcely  does  justice  to  the  extent  and  importance  of  the  topics 
brought  under  consideration,  embracing,  with  the  exception  of  the  operative  procedures  of  mid- 
wifery, almost  everything  connected  with  obstetrics,  either  directly  or  incidentally ;  and  there  are 
few  physicians  who  will  not  find  in  its  pages  much  that  will  prove  of  great  interest  and  value  in 
their  daily  practice.  The  special  Essays  on  the  Period  of  Human  Gestation,  the  Signs  of  Delivery, 
and  the  Spontaneous  Amputation  and  other  Lesions  of  the  Foetus  in  Utero  present  topics  of  toe 
hiffhest  interest  fully  treated  and  beautifullv  illustrated. 

In  every  point  of  mechanical  execution  tbe  worlt  will  be  found  one  ol  the  handsomest  yet  issued 
from  the  American  press. 

A  book  unusually  rich  in  practical  suggestions.— >  haa  been  weighed  and  reweighed  through  yeara  of 

Am  Journal  Med.  SeieneUf  Jan.  1857.  preparation ;  that  thia  is  of  all  othera  the  book  of 

Theae  several  subjects  so  interesting  in  them-  Obstetric  Law,  on  each  of  its  several  topics ;  on  si  1 

selves,  and  so  imporUnt,  every  one  of  them,  to  the  pomts  connected  with  pregnancy,  to  be  everywhere 

mott delicate andpreciois  of  social  relations, con-  "ceived  as  a  manual  of  special  jurisprudence,  at 


snning,  unparalleled 
roedicine.    The  reader 
fresh,  and  vigorous, 

atvlc;  and  one  forget.,  ... .,^w„^  ^ „. 

every  page,  that  it,  and  every  line,  and  every  word    '^'*''* 


MOHR  (FRANCIS),  PH.  D.,  AND  REDWOOD  (THEOPHILUS). 
PRACTICAL   PHARMACY.    ComprisiDe  the  Arrangements,  Appuratus,  and 

Manipulations  of  the  Pharmaceutical  Shop  and  Laooratory.  Edited,  With  extensive  Additions, 
by  Prof.  William  Proctbr,  o/  the  Philadelphia  College  of  Pharmacy.  In  one  handsomely 
printed  octavo  volume,  extra  cloth,  of  570  pages,  with  over  500  engravings  on  wood.    $2  75. 
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NEIUL  (JOHN).  M.O., 

Sargeon  lo  thePMiiqrlT«BUHo«^ital,4Ui4  mmi. 

FRANCIS  QUFINEY  SMITH,  M.  D., 

ProfMiOT  of  InatitatM  of  Medieiae  itt  tk«  PeaasylTaBift  If edaeal  CoUag*. 

AN  ANALYTICAL  COMPENDIUM   OP   THE   VARIOUS   BRANCHES 

OF  MEDICAL  SCIENCE ;  for  the  Ute  and  Examinatioii  of  Sfodent*.  A  new  editioa,  reriKd 
and  Improred.  In  one  rery  large  and  handBoraely  printed  royal  12mo.  Toiume,  ofaboatoK 
thounand  pages,  with  374  wood-cat».    Strongly  bound  in  leather,  with  raised  baadk    $3  Oft. 

The  very  flattering  reception  which  has  been  aooonied  to  this  work,  aad  the  h«^  ei4iiBaie  plMed 
vpon  it  by  the  profesMon,  as  erinoed  bv  the  constant  and  increasing  denoand  which  has  npid^  ei- 
haunted  two  large  editions,  hare  stimulated  the  authon*  to  render  the  rolume  in  its  present  Ttm*\m 
more  worthy  of  the  success  which  has  attended  it.  It  has  accordingly  been  tborooKhly  cuaunrd, 
and  such  errors  as  had  on  former  occasions  escaped  observation  have  been  corrected,  and  wkiaierer 


with  the  advance  of  science  have  beea  iatrodaeed. 
I  further  iocroased  and  much  improved,  while,  hf 


additions  were  necessary  to  maintain  it  on  a  leve 

The  extended  series  of  Ulust rations  has  been  sti 

a  «light  enlargement  of  the  page,  these  vahous  additions  have  been  incorporated  without 

the  bulk  of  the  volume. 

The  work  is,  therefore,  again  presented  as  eminently  worthy  of  the  Ibror  with  which  it  has  hithrrio 
been  received.  As  a  book  for  aaily  reference  by  the  student  re<|ttiring  a  guide  to  his  BM>ffe  elsborafc 
text-books,  as  a  manual  for  preceptors  desiring  to  stimulate  their  studenu  by  frequent  and  amrtie 
examination,  or  as  a  source  from  which  the  practitioners  of  older  dale  may  easily  and  cheaplj  acquire 
a  knowledge  of  the  changes  and  improvement  in  professional  seaenoe,  ita  lepatatioa  is  permsaeaily 
established. 


The  belt  work  of  the  kind  with  whieh  we  are  the  stadsnts  is  heavy,  aad  review 

acquainted .-*M<d.  BxamimT.  exaounation,  a  eooipead  ia  aot  oaly 

Having  aade  free  ase  of  UU  volane  ia  ear  ex-  }* »  •*"2fi »  *i?L??*  *^*    '^ 

amtnatioBi  of  pupils,  we  eaa  speak  Arom  experi-  ^."^l^w"*?* 2?"^!.  .i?  !"**^  ^        ^     *^ 

cmse  in  reeonnneading  it  ai  an  admirable  eoini>eiid  of  all  books  of  thekiad  Chat  we  know  oT    The 

for  itadents,  aad  as  espeeially  asefol  to  preeeptors  aeweat  aad  aonadeat  doetriMa  aad  Ue  teteit  m- 

who  examiae  their  paplU.    It  wUl  save  the  t«U:her  ^^^J^^,^ii^^'^S^_y**&l^-^^^^ 

much  labor  by  enabling  him  readily  to  recall  all  of  concisely, laid  before  the  ■(■de^t.    Thateie a da« 


the  points  apon  which  hit  pupila  shootd  be  ex-  ^ "^^J^ ^ ^^u^^*?'^ eowmwad fhia cheap^eok 

amiaed.    A  work  of  thia  sort  should  be  ia  the  handi  *■  "^  *S!.!I2?«'i'"  ■^^•Tr"*^****  '■.*^€2*^ 

of  every  one  who  takes  pupils  into  hia  oiBee  with  a  •«»•  ?  '■^**J^J!f ^S**!!^  **■.  7^^'j^^ 

view oTexaraininff  them:  and  this  isunoaeationablv  ^^  ^TP  «>*  •*»«>•?  •~l«i^  "M^.    They  mil 


viewofexaraininff  them:  and  this  is unqaeatioiMibly         .        -  j     .-       .^^  .  ,.       .        ,  -     .. 

thebestof  its  claM.— IVeitffleeitto  MM.  Joumml.       perhaps  tad  oat  from  It  that  th«ie^Ui*««MetlT 


aow  what  it  was  wke«  they  left  It  offv— A*  SM*e- 
la  the  rapid  eoarae  of  leetarsa,  where  work  for   sesps 

NEILL  (JOHN),    M.  D., 
Profeaaor  of  Sergery  in  the  Peaaaylvaaia  Medical  College,  Ae. 

OUTLINES  OF  THE  YEINS  AND  LTMFHATICS.    With  handsoine  oolond 

plates.     I  vol.,  cloth,  f  I  25. 

OUTLINBS  OF  THE  NERVES.    TTith  litndgome  pUtes.     1  toI.,  dolh.  $1  25. 


NELIQAN  (J.   MOORO,  M.  D,,  M.  R.  I.  A.,  Ike. 
{A  spl&ndid  ansri.    Just  Ittutd,) 

ATLAS  OF  CUTANEOUS  DISEASES.    In  one  betatiftil  quarto  Toliuiie,  extn 

cloth,  with  splendid  coloied  plates,  presenting  nearly  one  htmdfed  elabor«te  ninmeiiniarMMM  «f 
disease.    $4  50.  r-         r-        --o  .r  r- 

This  beautiful  volume  is  intended  as  a  complete  aadvconrata  wtweseaiation  of  all  the  varirtiet 
of  Diseases  of  the  Skin.  While  it  can  be  consulted  in  eonjonction  with  aay  work  oa  Praetice,  it  bat 
especial  reference  to  the  author's  «  Treatise  on  Diseases  of  the  Skin,"  to  lavombly  received  by  tite 
profession  some  3rears  since.  The  publishers  feel  justified  ia  saying  that  few  more  hnanii fully  sse- 
cuted  plates  have  ever  been  presented  to  the  profeasion  of  this  comitry. 

A  corapead  which  will  very  much  aid  the  praetl-  long  exfsteat  desideratum  naeh  felt  by  dM  laivMi 

tloner  In  thia  diffieolt  branch  of  diaaaosis.    Taken  class  nf  our  prefhaaica.    It  preacata,  ia  qvartn  eisi, 

with  the  beaatifal  platea  of  the  Auat,  which  arc  16  platea,  each  eontaiaiag  rroai  S  to  C  f  gareaTiM 

remarknble  for  their  aocaracy  and  beauty  of  color-  formiv  in  all  a  total  of  90  diatta«*t  rrjpfiiaaaftiiet 

ing,  it  coaititntes  a  very  valuable  addition  to  the  of  the'diifereat  apeeiea  of  Aim  atfectioaia,  gnrnfrd 

library  of  a  practical  naa.~JB«/Wo  Jfid.Jetimcl,  together  in  geaera  or  familiea.    The  illaatrabies 

Sept.  1858.  have  been  taiea  fhaa  aatare,  aad  have  l>««a  c<ifi*l 

Nothiag  ie  oOea  more  diileult  than  the  dhmiosis  5S/"*?  •SV^Z  it**  ^  prseeat  a  atrikiag  pietart 

of  di8eaaeofthe8kia:andhith<«rto,theoalyworka  oMifej  iawhiehtte  redaeed  aeala  apUy  arnrca  to 

eonuiininf  illaitratioas  have  been  at  father  incoa-  fjT«»  f *.***!?  ^'^l^  '^i^JJ?  P?c»l«^»»«« 

venient  prieea-^ricea,  iadeed,  that  preveated  gene-  "  «^n  mdl vidaal  varietv.    And  while  ihue  the  im 

ral  oee.    Thr  work  before  oa  will  aapply  a  waat  3»«  *•  »«dere4  mwe  deftnahle,  there  la  yrt  >o  km 


lonefelt,  and  minister  to  a  more  perfect  acqaalatanee  2f?"*lK?'M?i  '"••T^JZ,*^*  f^y*^  cooc«cni- 
with  the  nature  and  treatmeet  of  a  very  freqaeat  Jloa.^ch  fipre  is  highly  colored,  Md  ao  rrathftil 
and  troubleanme  form  of  diaeaae.— OAie  JM.  amd  has  the  arttat  beca  that  the  moat  fhatid  oai  obarrrtr 
Snrg,  Jowmal,  July.  18S6.  ^^^  »*»*  i^'^J  *^^  eaceptloa  to  the  correeta^w  of 

the  ezeeutinn  of  the  pietaiea  aader  hia  aerwtiay.— 
Neligan*!  Atlae  of  Cutaaeona  Diicaaes  supplies  a    afanlnel  Mtd.  CkrwmUtt. 

BY  TBS  %AMM  Atmioa. 

A   PRACTICAL  TREATISE  ON  DISEASES  OF  THE  SKIN.    Seeoad 

American  edition.    In  one  neat  royal  ISiao.  Tolime,  axlra  oloCh,  of  3S4  p«8«a.    tl  00. 

The  two  volnmes  will  be  eent  by  nail  on  reoeipi  of  JCm  IMlart. 


OWBN   OTI  TH^  lATV^lOBttT  ^^"8111%  CiYV    — rnir  n  mirhaii    silia  sllUh.  ■Uh 
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PEA8LEE  (E.  A.),  M.  D., 
ProfeMor  of  Phyuolofjr  and  General  Pathotof  y  in  the  New  York  Medieal  College. 

HUMAN  HISTOLOGY,  in  its  relations  to  Anatomy,  Physiology,  and  Pathology; 

for  the  UM  of  Medical  Students.    With  four  hundred  and  thirty- four  illustrations.    In  one  hand- 
some  octavo  volume,  of  over  600  pages.    {Now  Ready,  18S6.)    93  75. 

In  undertaking  this  task,  the  author  has  endeavored  to  present  his  extensive  subject  in  the  man- 
ner most  likely  to  interest  and  benefit  the  physician  confident  that  in  these  details  will  be  found  the 
ba^is  of  true  medical  science.  The  very  large  number  of  illustrations  introduced  throughout,  serves 
amply  to  elucidate  the  text,  while  the  typography  of  the  volume  will  in  every  respect  be  found  ol 
the  handsomest  description. 

It  embraces  a  library  npoa  the  topics  diseassed  eeive  this  eontribation  to  physiological   science, 

within  itself,  and  is  just  what  the  teacner  and  learner  <<  Not  with  vain  thanks,  but  with  acceptance  boac- 

need.    Another  advantage,  by  no  means  to  be  over-  teoas.*'     We  have  already  paid  it  the  practical 

looked^  everything  of  real  value  in  the  wide  range  compliment  of  making  abundant  use  of  it  in  the 

which  It  embraces,  is  with  great  skill  compressed  preparation  of  our  lectures,  and  also  of  recuinmend- 

into  an  octavo  volume  of  but  little  more  than  six  ing  its  further  pernsal  most  cordially  to  our  alumni; 

hundred  pages.    We  have  not  only  the  whole  snb-  a  recommendation  which  we  now  extend  to  our 

jfTct  of  Histology,  interesting  in  itself,  ably  and  fully  readers. — Memphis  Med.  Rtcordtr^  Jan.  1858. 

diacnssed,  but  what  is  of  infinitely  greater  interest  we  would  recommend  it  to  the  medical  student 

\o  the  student,  because  of  greater  practical  value,  .nj  practitioner,  as  containing  a  summary  of  all  that 

a  re  its  relations  to  Anatomy,  Physiology,  and  Pa-  j,  known  of  the  iraportont  subjects  which  it  treata  j 

thology,  which  are  here  fully  and  satisfactorily  set  of  all  that  is  contained  in  the  great  works  of  Simon 

f.»rth.    Theseareataupporling  branches  of  practical  ^nd  Lehmann,  and  the  organic  chemists  in  general, 

medicine  are  thus  linked  together,  and  while  estab-  Maaterthi                                                       .    "     ..     . 


huh  ing  and  illustrating  each  other,  are  interwoven 
into  a  harmonious  whole.  We  commend  the  work 
to  students  and  physicians  generally.  —  A^a«A«t/l< 
Joum.  o/Mtd.  and  Surgtrf,  Dee.  1867. 

Jt  far  surpasses  our  expectation.    We  never  eon 


Master  this  one  volume,  we  would  say  to  the  medical 
student  and  practitioner — ^master  ttiis  book  and  you 
know  nil  that  is  known  of  the'great  fundamental 
principles  of  medicine,  and  we  have  lo  hesiiaiion 
in  saying  that  it  is  an  honor  to  the  American  medi- 
cal profession  that  one  of  its  members  should  have 


ceived  the  poasibility  of  compressing  so  mnch  vain-    produced  U.—St,  Ltmi*  M»d.a$ui  Surg.  Joumalf 
able  information  into  so  compact  a  form.    We  will  |  March,  1858. 
not  e<msume  space  with  commendations.    We  re- 


PEREIRA  (JONATHAN),  M.  D.,  F.  R.  8.|  AND  L.  8. 

THE    ELEMENTS    OP   MATERIA    MEDICA   AND    THERAPEUTICS. 

Third  American  edition,  enlar^d  and  improved  by  the  author;  including  Notices  of  most  of  the 
Medicinal  Substances  in  use  in  the  civilised  world,  and  forming  an  Encyclopaedia  of  Materia 
Medica.  Edited,  with  Additions,  by  Joseph  Carson,  M.  D.,  Professor  of  Materia  Medica  and 
Pharmacy  in  the  University  of  Pennsylvania.  In  two  very  large  octavo  volumes  of  2100  pages, 
on  small  type,  with  about  500  illusiratioaa  on  stone  and  wood,  strongly  boimd  in  leather,  with 
raised  bands.    $9  00. 


PARAI8H   (EDWARD), 

Lecturer  on  Practical  Pharmacy  and  Materia  Medica  in  the  Pennsylvania  Academy  of  Medicine,  ^e. 

AN  INTRODUCTION  TO  PRACTICAL  PHARMACY.    Designed  as  a  Text- 

Book  for  the  Student,  and  as  a  Guide  for  the  Physician  and  Pharmaceutist.  With  many  For- 
mulae and  PretKiriptions.  In  one  handsome  octavo  volume,  extra  cloth,  of  dSO  pnges,  with  243 
Illustrations.  $2  75. 

A  careful  examination  of  this  work  enables  us  to 
apeak  of  it  in  the  highest  terms,  as  being  the  best 
treatise  on  practical  pharmacy  with  which  we  are 
acquainted,  and  an  invaluable  vade-mteunij  not  only 
to  the  apothecary  and  to  those  practitioners  who  are 
accustomed  to  prepare  their  own  medicines,  but  to 
every  medieal  man  and  medieal  student.  Through- 
oat  the  work  are  interspersed  valuable  tables,  useful 
formule,  and  practical  hints,  and  the  whole  is  illus- 
trated by  a  large  number  of  excellent  wood-engrav- 
ings.—^o<(o»  Jlf«d.  and  Surg.  Journal. 

This  is  altogether  one  of  the  most  useful  books  we 
have  seen.  It  is  just  what  we  have  long  felt  to  be 
needed  by  apothecaries,  students,  and  practitioners 
of  medicine,  most  of  whom  in  this  country  have  to 
put  up  their  own  prescriptions.  It  bears,  upon  every 
page,  the  impress  of  practical  knowledge,  conveyed 
in  a  plain  common  sense  manner,  and  adapted  to  the 
comprehension  of  all  who  may  read  it.  No  detail 
has  Been  omitted,  however  trivial  it  may  seem,  al- 
though really  important  to  thediapenser  of  medicine. 
— Southern  Med.  and  Surg.  Journal. 

To  both  the  country  practitioner  and  the  city  apo- 
thecary this  work  or  Mr.  Parrish  is  a  godsend.  A 
careful  study  of  its  contents  will  give  the  young 
graduate  a  familiarity  with  the  value  and  mode  of 
administering  his  prescriptions,  which  will  be  of  as 
much  use  to  his  patient  as  to  hinuelf. — Va.  Med. 
Journal. 


Mr.  Parrish  has  rendered  a  very  aoceptable  service 
to  the  practitioner  and  student,  by  furnishing  this 
book,  which  contains  the  leading  faets  and  prindples 
i>f  the  science  of  Pharmacy,  conveniently  arranged 
for  study,  and  with  spM!ial  reference  to  those  features 
oi  the  subject  which  poneuM  an  especial  practieal  in- 


terest to  the  physician.  It  furnishes  the  student,  at 
the  commencement  of  his  studies,  with  that  iulor- 
mation  which  is  of  the  greatest  importance  in  ini- 
tiating him  into  the  domain  of  Cheinislry  and  Materia 
Medica ;  it  familiarizes  him  with  the  compounding 
of  drugs,  and  supplies  those  minutise  which  hut  few 
practitioners  can  impart.  The  junior  practitioner 
will,  also,  find  this  volume  replete  with  lustruction. 
^-Charleston  Med.  Journal  and  lUvUWj  Mar.  Itid6. 

There  is  no  useful  information  in  the  details  of  the 
apothecary's  or  country  physician's  office  conducted 
according  to  science  that  is  omitted.  The  young 
physician  will  find  it  an  encyclopedia  of  indiapensa- 
ble  medical  knowledge,  from  the  purchase  of  a  spa- 
tula to  the  compounding  of  the  most  learned  pre- 
scriptions. The  work  is  bv  the  ablest  pharmaceutist 
in  the  United  States,  and  must  meet  with  an  im- 
mense nlt^^Naskville  Journal  of  Msditnu.  April, 
1856. 

We  are  glad  to  receive  this  excellent  work.  It 
will  supply  a  want  long  felt  by  the  profession,  and 
especially  by  the  student  of  Pharmacy.  A  large 
majority  of  physicians  are  obliged  to  compound 
their  own  medicines,  and  to  them  a  work  of  this 
kind  is  indispensable.— iV.  O.  Medical  and  Surgical 
Journal. 

We  eannot  say  but  that  this  volume  is  one  of  the 
most  welcome  and  appropriate  which  has  for  a  lomr 
time  been  issued  from  the  press.  It  is  a  work  which 
we  doubt  not  will  at  onee  secure  an  extensive  cir- 
culation, as  it  is  designed  not  only  for  the  druggist 
and  pharmaeevtist,  but  also  for  the  great  body  of 


praetilioners  tkfoughoat 
Lanui, 


the  conntry.— AMutiv 


•H  Bi<ANCHA.BD  ft   LBA'S  MBDIOAL 

PrnniE  (WILLIAM!,  F.  R.  I.  E., 

T'-*' ''"-T~r'~"'~T'iiTiTinj  nratiiiiM 

THB   PRmCIPLKS  AND  PBAOTICB  OP  SURGERY. 


$3  75. 

W«  kunr  of  M  othsr  HrglMl  work  nf  ■  nuna- 
*klB  alia,  wbiniB  there  ii  MiBBck  Unorrapd  pno- 
tia,  or  whan  nbloeu  ar*  sors  BDoBdljr  or  elaul; 
tui^t.— n<  8HUmc*|m. 

Tk«a  ia  wwreely  a  diaeaH  of  Uo  boaiM  or  ■><■ 
br  •Baaiata  waod-aKTavlag*.  T%«b,  anU,  avacy 
laalnaHBt  smployedbr  (ha  (ar|Wa  ii  baa  rayn- 
— tai.    Thaaa  cBJnTiasa  ars  aot  oalr  eoiTMl,  hat 


nauT  Daaauni,  iaii»iiJ  nm 
aarfMtKstnvikb  thaannf 
Prof.  Pima,  i 


Ufa  aad  affaetakl  pr>etCH  prariiaBMl  aa(*  <W*, 
■NkafaBOmtfeapa  thia anH(«t hwrfm  — ^ 
.  -.  i„>i,„  ^^  iBiameasf  thaana<'«a^ 


Fwkuai 
iaaohiU 


PARKER  (LANQ4TOW, 


THE  MODERN  TREATMENT  OP  STPHIUTIG  DIBBASBS.  BOTH  PRI- 
MARY and  sbcondaby;  ooiDprMnsibBTnMB< — '" — ■= — -■ •-   ■ 

Hi,  by  ■  Mife  ud  avooaMftal  metkod.    wtib  Mmoroa 


RtGORD  (P.),  M.D., 
A  TREATISE  ON  THE  VENEREAL  DISEASE    By  Jobs  Hoinm,  F.  B.  8. 


M  Haolcr,  ihB  ■ .       ,,.,,...  __ 

■alfbrU*  iBMrpicicn.udciTccUa  annual  itoHW 
10  tha  w«rU  in  ■  lacidud  perieatlj  iMillicibk  aa^ 
•"■ .  J"  eaoel»i«i  we  eaa  ••*  dat  ttit  ■•  laeaa- 


a*  w«  d*  OM  aAaa  aMIet  M 
|*na«,weMrh*ra«Mei  An  aiyn«iB^b«i 
iMilBajladaplii^lallM  libnrr  af  even  aln. 


Camlor  of  tke  Inperial  Pilholoaieal  Knuim,  aad  Praftaaoc  at  tha  UaiTWait*  of  Tlaua  kt 

A   MANUAL   OP  PATHOLOGICAL    ANATOMY.     Four  VoIwmT  art«TO, 
bciiiDaintwi>.nti«do(h,afabaiiil30an««i.    TranalaiedbT  W.  E.  SwAurx.BowAuaan- 
ThepTOfeHioaU  toe  well  aaqaalBted  with  Ob  ra-  iMohaind  hla  Hslwlth  TKlaahla  »— «*-  .fc-.  — 
pDUUna  or  RokiUnih^'B  wo<k  U>  need  oar  aaair-    BttampI  of  a  laviewer  to epttoiBlm u mm m(^ 
WHO  thai  thiBiBOBeorihemnaiBrariiand.lhMOwh,    l|iHd,  and  maai  aad  ia  a  (ulsn.— VuHn  LwM 

and  TBlaable  kookt  aver  laiDed  from  the  owdJed       »,  mi,  u  iv.  ■  ■  ■     -  .... ,  , ,   . 

pen.,  Itli»f(«tnif,aodbUBOitaDdaidafa(HD-  \  ai^Si^J^JxTJ^V^.^fif^^l^f^'JZ 
parlHD.  It  la  CIBI7  aeeaMTr  to  auouaa  th>l  it  la  '  Sdi«I-r!fc™i  iTiii^.  ..  S?^  *•  '"' 
&ed  ia  a  fora  ■*  dieap  «e  ii  aompaUhla  witt  Ita  SSS^hlSiSlKi^S^l  Jl  J?C^r^ 
■lieaad  prowirwHoaTand  Iti  BUr follow.  a«  .  Ii  i^^li^^/li?^'/".?''?*"''.^ 
miter  of  ™r«i.  No  Ubnr,  ou.  be  oalled  aaa-  Sl^,^^a£'^i^^SSS7%^^  ^^^"^ 
pleta  without  ll.-fl^«J«  MU.  /..mat.  h«.trf^  ediUoa^AMMU.  J.._^  ^  m-™. 


-'—  of  rafkrMsa,  IhenAna,  thle  work  bbm 

feadera  any  «J«nB«te  Maa    fT^T?,,  i,  r^ — " — ' —  — '  — - 


af  the  rait  aaMmal  of  laalraatin  aeeinilatad  la    r'nnwum  H 


MTott  of  the  ifa 


said  be  feeble  tat  kopelea.    Tha  I  ■'•■■ 


HiaBY   (EDWARD),   M.  D,, 
BmIoi  Pkidalu  10  tha  Oaaaral  Lriw-la  aavilal  Aa 

A  SYSTEM   OF   MIDWlPKHY.     Witk  Worn  ST  AddMonri  BhrtMim 
Saoood  Anericu  Edition.    Om  volums  ootaro,  <tfn  ololh,  431  pagn.    $3  SO. 

BT  nu  uia  Airmoft.    (JVaa  ffMrfa.  1S9T ) 

ON  THE  CONSTITUTIONAL  TREAfMENTyP  FBMALE  DISEASEa 

tD0Denea(n>ym3aio.T(riiuBe,«inakMh,af  ibomSSOrafM.    fl  00. 

TbeumoTthaMlbor  bu  Iwea  tb>««boat  to  pnMal  aooBd  prMMal  vinra  of  ih.  !»»»«< 
flubjecu  iindtTCaaaideradoa  ;  and  wilboat  BMeriag  iato  ibeoratioal  dii«Malia 
•ttabody  Ihe  reaulla  of  hia  lony  and  ml— ilml  ai ' ' ■-  -  ■ 


ROYLE-S  MATERIA   MEDIO  A   AND   THERAPEUTICS:   iadmiimm  th 
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RAMSBOTHAM  (FRANCIS  H.),  M.  D. 

THE  PRINCIPLES  AND  PRACTICE  OF  OBSTETRIC  MEDICINE  AND 

SURGERY,  in  reference  to  the  Procete  of  Parturition.  A  new  and  enlarged  edition,  thoroughly 
revised  by  the  Author.  With  Additions  by  W.  V.  Kkatino,  M.  D.  In  one  large  and  handsome 
imperial  octavo  volume,  of  650  paged,  htrongly  bound  in  feather,  with  raixed  bands;  with  sixty- 
four  beautiful  Plates,  and  numerous  Wood-cuts  in  the  text,  containing  in  all  nearly  two  hundred 
large  and  beautiful  figures.    $5  00. 

In  calling  the  attention  of  the  profession  to  the  new  edition  of  this  standard  work,  the  publishers 
would  remark  that  no  efibrt»  have  been  spared  to  secure  for  it  a  continuance  and  extension  of  the 
remarkable  favor  with  which  it  ha^  been  received.  The  last  London  issue,  which  was  coni«idera- 
biy  enlai^d,  has  received  a  further  revision  from  the  author,  especially  for  this  country.  Its  pas- 
aage  through  the  press  here  has  been  supervised  by  Dr.  Keating,  who  has  made  numerous  addi- 
tions with  a  view  of  pretientinff  more  fully  whatever  was  necessary  to  adapt  it  thoroughly  to 
American  modes  of  practice.  In  its  mechanical  execution,  n  like  superiority  over  former  editions 
will  be  found. 

Fr^m  Prof.  Hodgt^  of  tlu  Umivtriiip  9f  Pa. 

To  the  American  pnblie,  it  is  most  valuable,  from  its  intrinsic  undoubted  excellenee^  and  as  being 
the  best  authorized  exponent  of  British  Midwifery.  Its  eirculation  will,  I  trust,  be  extensive  throughout 
our  country. 

The  publishers  have  shown  their  appreciation  of  eine  and  Surgery  to  our  library,  and  confidently 
the  merits  of  this  work  and  secured  its  success  by  recomroend  it  to  our  readers,  with  the  assurance 
the  truly  elei^snt  style  in  which  they  have  brought  that  it  will  not  disappoint  their  most  sanguine  ex- 
it out,  excelimg  themselves  in  its  production,  eipe-  pectations. — Western  Lancet. 

ciall V  in  its  platet.    It  it  dedicated  t4»  Prof  Meigs,  i^  j,  unnecessary  to  say  anything  in  regard  to  the 

and  hat  the  emphatic  endortcment  of  Prof.  Hodge,  mi^y  ^f  thit  wort.   It  it  alreadylppredated  in  our 

at  the  bett  exponent  of  Britith  Midwifery.    We  country  for  the  value  of  the  matter;  the  clearnctt  of 

know  of  no  lext-book  which  detervct  in  all  retpectt  it,  ,tyfe,  ,nd  the  fulness  of  its  illustrations.    Ti»  the 

to  be  more  highljr  recommended  to  students,  and  we  physician's  library  it  is  indispensable,  while  to  the 

could  with  to.ee  It  in  the  handtofevervpractiticjner,  Zudeut  as  a  text-book,  from  which  to  extract  the 

for  they  will  find  it  invaluable  for  reference.— M«d.  matcrUl  for  laying  the  foundation  of  an  education  on 

Oaxetu.  obtietrical  science,  it  has  no  superior.— 04««  Med, 

But  once  in  a  long  time  some  brilliant  genius  rears  and  Surg.  Journal. 

his  head  above  the  horizon  of  science,  and  illumi-  ___       .,,      ,       .j  ^.    ^  ^v     ^j     ^     ,.• , 

nates  and  purifies  every  department  that  he  investi-  .  ^® '""  ®P*y  ™  ^»*  the  student  will  learn  from 

rates :  and  hit  workt  become  type.,  by  which  ianu-  »*  ***  he  need  to  know,  and  the  practitioner  will  find 

merable  imiuitort  model  their  leeble  pn»duciiont.  H,  at  a  b<H)k  of  reference,  surpassed  by  none  other.— 

Such  a  aenint  we  6nd  in  the  younger  Rarosbothara,  oUth^c^pe. 

and  lueh  a  type  we  find  in  the  work  now  before  us.  The  character  and  merits  of  Dr.  Ramsbotham's 

The  binding,  paper,  type,  the  engravingi  and  w<mk1-  work  are  so  well  known  and  thoroughly  established, 

cuts  are  allso  excellent  as  to  make  thii  book  one  of  that  comment  it  unnecessary  and  praise  superfluous, 

the  finest  tpeciment  of  the  art  of  printing  that  have  The  illuitrationt.  which  are  numerous  and  accurate, 

given  Ruch  a  world-wide  reputation  to  in  enter-  are  executed  in  tne  highest  style  of  art.    We  cannot 


pricing  and  liberal  publithert.     We  welcome  Rams- 


too  highly  recommend  the  work  to  our  readeri. — 8i. 


botham's  Principlea  and  Practice  of  Obttetric  Medi-  >  Louie  Med  and  Surg.  Journal, 

8CHOEDLEA(FRIEDRICH),  PH.D., 

ProfetM>r  of  the  Natural  Sciences  at  Worms,  Ac. 

THE  BOOK  OF   NATURE;   an  Elementary  Introduction  to  the  Sciences  of 

Physics,  Astronomy,  Cheini^lry,  Mineralogy,  Geoloj^y,  Botany,  Zoology,  and  Physiology.  First 
American  edition,  with  a  GloKsary  and  other  Additions  and  Improve  men  tit;  from  the  .«econd 
English  edition.  Translated  from  the  sixth  Grernian  edition,  by  Hbnry  Mkdlock,  F.  C.  S.,  &c. 
In  one  volume,  small  octavo,  extra  cloth,  pp.  692,  with  679  illustrations.    $1  80. 

SMITH  IhENRY    H.),   M.D., 

Professor  of  Surgery  in  the  University  of  Peuusylvania,  ftc 

MINOR  SURGERY ;  or,  Flints  on  the  Every-day  Duties  of  the  Surgeon.  Illus- 
trated by  two  hundred  and  rorty->even  illustrations.  Third  and  enlarf^ed  edition.  In  one  hand- 
some royal  12mo.  volume,    pp.  456.     In  leather,  $2  25;  extra  cloth,  $2  00. 

BY   THE  SAME   AITTHOE,   AND 

HORNER  (WILLIAM  E.),  M.D., 
Late  Professor  of  Anatomy  in  the  University  of  Pennsylvania. 

AN  ANATOMICAL  ATLAS,  illustrative  of  the  Structure  of  the  Human  Body. 

In  one  volume,  large  imperial  octavo,  extra  cloth,  with  about  six  hundred  and  fifty  beautiiol 
figures.    $3  00. 


These  fifrures  arc  well  selected,  and  present  a 
ooiuplcLc  aud  accurate  repreBent.ition  of  that  won- 
derful fabric,  the  human  lunJy.  The  plan  of  this 
Atlas,  which  renders  it  so  peculiarly  c«>nvenient 
for  the  student,  and  its  superb  arlistical  execution, 
have  been  already  pointed  out.    We  must  congratu- 


late the  student  upon  the  completion  of  this  Atlaa, 
its  it  is  the  most  convenient  work  of  the  kind  thai 
has  yet  appeared  :  and  we  must  add.  the  very  beau- 
tiful manner  in  which  it  is  "  got  up"  is  so  creditable 
to  the  country'  as  to  be  flattering  to  onr  national 
pride.— ilirurtcan  Medical  Jourmai, 


SMITH  (W.  TYLER),  M.  D., 

PhysJeian  Accoucheur  to  St.  Mary*s  Hospital,  ke, 

ON   PARTUKITION,   AND   THE   PRINCIPLES    AND   PRACTICE   OP 

OBSTETRICS.    In  one  royal  l2ino.  volume,  exira  cloth,  of  400  pages.    $1  25. 

BT  THE  SAMl  AUTHOE. 

A  PRACTICAL  TREATISE  ON  THE  PATHOLOGY  AND  TREATMENT 

OF  LEUCORKHCEA.    With  numerous  illustrations.    la  OM  vnrf  iwDdsome  octavo  volume, 
extra  clolh,  of  about  250  pages.     #1  50. 
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8HAAPEY  (WILLIAM),  M.  D.,  JONES  QUAIN,  M.  D.,  AND 

niCHARD  QUAIN,  F.  R.  S.,  Slo. 

HUMAN  ANATOMY.    Reviaed,  with  Notes  and  Additions,  by  Josm  Lnnr, 

M.  D.,  Profensor  of  Anatomy  in  tbe  Univeraity  of  PMnsylTaiiim.    Complete  m  two  Luft  eciaro 

voiomeft,  leather,  of  about  thirteea  imiidred  pag«i.    BeautiltiUy  iUoatrmted  with  over  iwt  ^mini 

engravings  on  wood.    96  00. 

We  kave  no  htitatioa  in  raoomwandinf  thigtraa-  1  perhapa,  ia  any  langaaga,  wkick  briafi  tkt  m« 
tiM  on  anatomy  a«  the  moat  oomplete  on  that  anb-  1  of  knowledge  rorwmrd  to  the  mmt  rtetat  4nr«^ 
Jeet  in  the  Bnglith  langnage;  and  the  only  cm^l  rtihM.~^TkM  Mdimbmrgh  tUd,  mmd  Smrg.  Jmirmal, 

8ARQENT  (F.  W.),  M.  O. 

ON  BANDAGING  AND  OTHER  OPERATIONS  OF  MINOR  8UEGERT. 

Second  edition,  enlarged.    One  handwrne  royal  12mo.  vol.,  of  nearly  400  pegen»  with  182  WMd- 
cuu.    Extra  doth,  $1  40;  leather,  $1  ;iO. 

A  work  that  haa  been  ao  lo«g  and  ikvorahlT  kanva 
to  the  prctCpaaioa  aa  Dr.  8argcat*a  Miaor  Mifvrr, 
needa  no  eomraendatioa  rroea  aa.  Wc  woald  raatrt, 
however,  in  this  eoanectioa,  that  miaor  eaifvrr  mi- 
dom  geta  that  atteatioa  in  oar  aehoob  that  it*  ti»> 
portaaee  deaervea.  Oar  larger  worfca  are  alao  Twy 
defective  in  their  teaching  oa  thcae  ■aell  prirtiai 
poiata.  Thia  little  book  irill  aapply  the  void  wStrt 
all  mait  feel  who  have  not  alndiad  ita  pagm  9ut- 
«m  Lmm^t,  March,  1896. 


Sargent's  Minor  Sargery  haa  alwaya  beea  popalar, 
and  deservedly  ao.  It  famishea  that  knowledge  of  the 
moet  frequeatly  requisite  performaaeea  of  aargioal 
art  whicn  eaanot  be  entirely  understood  by  attrnd- 
log  clinical  lectures.  Tbe  art  of  bandaging,  which 
is  regalarly  taught  in  Europe,  ia  very  fireqaeatly 
overlooked  by  teachers  in  thia  country ;  the  student 
and  junior  practitioner,  therefore,  may  oftaa  require 
that  knowledge  which  this  little  volume  so  tersely 
and  happily  sappllea.— CiUirls«te»  Miul.  /e«m.  amd 
r,  March,  IbM. 


8KBT*8  OPBRATTVE  BUROERT.  fn  one  very 
handaome  octavo  volame,  extra  alotii,  of  over  680 
pages,  with  about  one  huadred  wood-eats.  83  65. 

BTANLBY*8  TREATISE  ON  DISEASES  OP 
TH  B  BONES.  In  one  volume,  oetavo,  extra  cloth, 
680  pages.    61  50. 

SOLLY  ON  THE  HUMAN  BRAIN  i  its  Structure. 
Physiology,  and  Diseaaca.    Prom  the  Second  aad 


mach  enlarged  Ijondon  editinn.    Ia 
volume,  extra  eloth.  of  800  pagsa,  with  Ul 
enu.   86  00. 

SIMON'S  GENERAL  PATHOLOeT,  aa 
ive  to  the  BsUblishment  of  RatinaaJ  Priacifkt 
for  the  preveation  and  Cnra  of  Oiaeasa.    U 
neat  octavo  volnaaa,  extra  cloth, 
•166. 


TANNER  (T.  H.),   M.  D., 

Phyaiclan  to  the  Hoapital  for  Women,  Jke. 

A  MANUAL  OF  CLINICAL  MEDICINE  AND  PHYSICAL  DIAGNOSIS. 

To  which  is  added  The  Code  of  Ethics  of  the  American   Medicml  Asaoetntion.    Sceoai 
Amerioan  Edition.    In  one  neat  volume,  small  12mo.,  extra  cloth,  87^  oenta. 

The  work  is  aa  honor  to  its  writer^  aad  mast  ob- 1  tioners,  it  has  only  to  be  aeea,  lo  wia  for  tteeit 
tain  a  vride  circulation  by  its  intrinsic  merit  alone.  I  place  apoa  the  shelves  of  every  ssedjcal  lArvj. 
Suited  alike  to  the  wanU  of  stadeaU  and  practi-  |  — Setiea  MM  mmd  8u^.  /eeraai. 


Now  Completa. 

TODD  (ROBERT  BENTLEY),  M.  D.,  F.  R.  8., 

Professor  of  Physiol<^  in  King's  College,  London ;  and 

WILLIAM  BOWMAN,  F.  R.  8., 
Demonstrator  of  Anatomy  ia  Kiag's  College,  London. 

THE  PHYSIOLOGICAL  ANATOMY  AND  PHYSIOLOGY  OF  MAN.   With 

about  three  hundred  large  and  beautiful  illustrations  on  wood.    Complete  in  one  laigc  ocsar* 
volume,  of  950  pages,  leather.    Price  $4  50. 

BT  Gentlemen  who  have  received  portions  of  this  work,  as  pnbliahed  in  tbe  «  Mxdical  Ni«i 
AND  LraxAKY,"  can  now  oomplete  their  oopies,  if  immediate  application  be  mnde.  It  wOi  be  lor* 
nished  as  follows,  free  by  mau,  in  paper  eovera,  with  doth  backs. 

Parts  L,  II.,  III.  (pp.  25  to  552),  $2  50. 

Paxt  IV.  rro.  553  to  end.  with  Title,  Prefhoe,  Contents,  Aec.),  82  00. 

Or,  Part  iV.,  Siction  II.  (pp.  725  to  end,  with  Title,  Pra&oe,  Conienta,  &c.),  $1  2.^. 

A  magnificent  contribution  to  British  medicine, 
and  the  Americaa  physician  who  shall  fail  to  peruae 
it,  will  have  failed  to  read  one  of  the  moat  inatrae- 
tive  books  of  the  nineteenth  century.— 2^.  O.  Mm4. 
mnd  Surg,  Joummlf  Sept.  1857. 


1 1  is  more  concise  than  Carpenter*s  Prineiblea.  and 
more  modem  than  the  aceeaaibla  edition  of  Mailer's 
Elements;  its  details  are  brief,  bat  safBciaKt;  its 
descript  ions  vivid ;  its  illastrations  exact  aad  copi- 
ous;  and  its  language  terse  aad  paraplettoas.— 
CkarUittn  Mtd.  Jhnmmi,  Jaly,  1867. 

We  know  of  no  work  on  the  sabjcct  of  phyaiolegy 
so  well  adapted  to  the  wants  of  the  medical  student, 
its  completion  has  been  thus  long  delayed,  that  the 
authors  might  secure  accuracy  by  peraoaal  obsarva- 
tion.— St.  loau  Mtd,  mmd  Surg,  /anmal,  Sept.  <f7. 


One  of  the  vary  beet  booke  arer  iaaaed  from  isr 
medical  press.  We  think  it  indiapcsMable  to  ettn 
reading  medical  maa,  and  it  auiy.  wJU  all  pf«ipnrtT. 
aad  with  the  atssoet  advaatnge  be  saatfe  a  texwW«4 
by  aay  student  who  woald  taorooghly  eomprch^ 
the  groaadwork  of  BMdieina.~JV.  O.  Mtd.  Stuu 
June,  1867. 

Our  notice,  thongh  it  eonvrya  bat  a  vciy  fcvlif 
aad  imperfect  idea  of  the  manitade  and  isMenaaet 
of  the  work  now  andar  eonaidatmtion,  alraady  tras- 
sceada  oar  limlu ;  aad,  with  the  indaigcnee  i4  nx 
readara,  aad  the  hope  that  they  will  peruse  the  baoi 
for  themaelvsa,  aa  wa  feel  we  ena  with  mnMrcM 
reconuaead  it,  we  leave  It  in  their  haada  ftir  lacn 
to  judge  of  Its  mariu.— nu  if  art4i 
8mg,  /enmel,  Oet.  18S7. 


TODD  (R.  B.),  M.D.,  F.  R.  8.,  I^e. 

CLINICAL  LECTURES  ON  CERTAIN  DISEASES  OP  THE  URINART 

OBOMS^  K^\>  Ol^  \>^09SIEa,    la  one  octavo  votiian.    {Jmt  luued,  18S7.}    81  50. 
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TAYLOR  (ALFRED  S.),  M.  D.,  F.  R.  8., 

Leotarer  on  Medical  JiuritpnideBoe  mad  Chemistry  in  Ouy's  Hospital. 

MEDICAL  JURISPRUDENCE.     Fourth  American  Edition.     With  Notes  and 

References  to  A  merican  Decisions,  by  Edward  Hartshokice,  M.  D.  In  one  large  octavo  volume, 
leatberf  of  over  seven  hundred  pages.    $3  00. 

This  standard  work  has  lately  received  a  very  thorough  revision  at  the  hands  of  the  author,  who 
has  introduced  whatever  was  necessary  to  render  it  complete  and  satisfactory  in  carrying  out  the 
objects  in  view.  The  editor  has  likewise  used  every  exertion  to  make  it  equally  thorough  with 
regard  to  all  matters  relating  to  the  practice  of  this  country.  In  doing  this,  he  has  careuilly  ex* 
amined  all  that  has  appeared  on  the  subject  since  the  publication  of  the  last  edition,  and  has  iiicorpo* 
rated  all  the  new  information  thus  presented.  The  work  has  thus  been  considerably  increased  m 
size,  notwithstanding  which,  it  has  been  kept  at  its  former  very  moderate  price,  and  in  every  respect 
it  will  be  found  worthy  of  a  continuance  of  the  remarkable  favor  which  has  carried  it  through  so 
many  editions  on  both  sides  of  the  Atlantic.    A  few  notices  of  the  former  editions  are  appended. 

We  know  of  no  work  on  Medical  Jarisprndence  we  do  not  hesitate  to  affirm  that  after  haviug  once 
«rhich  contains  in  the  same  space  anythiM  like  the  commenced  its  perusal,  few  could  be  prevailed  upon 
■ame  amount  of  valuable  matter. — N.  Y.JounuUof  to  desist  before  completing  it.  In  the  last  London 
Medicine.  edition,  all  the  newly  observed  and  accurately  re- 
No  work  upon  the  subject  can  be  pnt  Into  the  forded  facts  have  been  inserted,  including  much  that 
hands  of  students  either  of  law  or  medicine  which  >■  ^^^^  ^^  Chemical,  Microscopical,  and  Patholo- 
will  engage  them  more  closely  or  profitably;  and  ff*®"  research,  besides  papers  pn  numerous  subjects 
none  could  be  «.flered  to  the  busy  practitioner  of  "ever  before  published . -C4af /««!««  M«rfMa/Joi.nMi/ 
either  calling,  for  the  purpose  of  casual  or  hasty  •"*•  *"•*«'•• 

reference,  that  would  be  more  likely  to  afford  the  aid        n  j,  ^ot  excess  of  praise  to  say  that  the  volume 

desired.    We  therefore  recommend  it  as  the  best  and  before  us  is  the  very  best  treatise  extant  on  Medical 

safest  manual  for  daily  use.— .lifurteo*  Journal  ^  Jurisprudence.    In  saying  this,  we  do  not  wish  to 

Medxeal  Sciences.  5^  understood  as  detractingfrom  the  merits  of  the 

This  work  of  Dr.  Taylor's  is  generallv  acknow-  excellent  works  of  Beck,  Ryan,  Traill,  Guy,  and 

ledged  to  be  one  of  the  ablest  extant  on  tne  subject  others;  but  in  interest  sad  value  we  think  it  must 

of  medical  jurisprudence.    It  is  certainly  one  of  the  be  conceded  that  Taylor  is  superior  to  anything  that 

most  attractive  books  that  we  have  met  with ;  sup-  has  preceded  it. — N.  W.  Medical  and  Surg.  Jourtukl. 
plying  so  much  both  to  interest  and  instruct,  that 

BT  THR  8AMR  AT7THOR.    {Nearly  Ready.) 

ON  POISONS,  IN  RELATION  TO  MEDICAL  JURISPRUDENCE  AND 

MlilDlCINE.  Second  American,  from  a  second  and  revised  London  edition.  In  one  large 
octavo  volume. 

The  length  of  time  which  has  elapsed  since  the  first  appearance  of  this  work,  has  wrought  so 
great  a  change  in  the  subject,  as  to  require  a  very  thorough  revision  to  adapt  the  volume  to  the 
present  wants  uf  the  proiession.  The  rapid  advance  of  Chemistry  has  introduced  into  u>e  many 
new  »ub!<tances  which  may  become  fatal  through  accident,  carelessness,  or  desiign — while  at  the 
f^aroe  time  it  has  likewise  designated  new  and  more  exact  modes  of  counteracting  or  detecting  those 
previously  treated  of.  Mr.  Taylor's  position  as  the  leading  medical  jurist  of  England,  has  during 
this  period  conferred  on  him  extraordinary  advantages  in  acquiring  experience  in  all  that  relates  to 
thi»  department,  nearly  all  cases  of  moment  being  referred  to  him  for  examination,  as  an  expert 
whose  testimony  is  generally  accepted  as  final.  The  results  of  his  labors,  therefore,  as  gathered 
together  in  thi»  volume,  carefully  weighed  and  sif\ed,  and  presented  in  the  clear  and  intelligible 
style  for  which  he  is  noted,  may  be  received  as  an  acknowledged  authority,  and  as  a  guide  to  be 
followed  with  implicit  confidence. 

WILSON  (MARRIS),  M.  D. 

ON  DISEASES  OF  THE  VESICULJS  SEMINALES.    See  "Lallemand," 

page  19. 

WILLIAMS  (C.  J.  B.),   M.D.,   F.  A.  8., 

Professor  of  Clinical  Medicine  in  University  College,  London,  ^e. 

PRINCIPLES  OF  MEDICINE.     An  Elementaiy  View  of  the  Causes,  Nature, 

Treatment,  Diagnosis,  and  Prognosis  of  Disease;  with  brief  remarks  on  Hygienics,  or  the  pre- 
servation of  health.  A  new  American,  from  the  t bird  and  revised  London  edition,  in  one  octavo 
volume,  leather,  of  about  500  pages.     $2  50.     (Juet  Issued.) 

The  very  recent  and  thorough  revision  which  this  work  has  enjoyed  at  the  hands  of  the  author 
has  brought  it  so  completely  up  to  the  present  state  of  the  subject  that  in  reproducing  it  no  addiiions 
have  been  found  necessary.  The  success  which  the  work  has  heretofore  met  shows  that  its  im- 
portance  has  been  appreciated,  and  in  its  present  form  it  will  be  found  eminently  worthy  a  continu- 
ance of  the  »ame  favor,  possessing  as  it  does  the  strongest  claims  to  the  attention  of  the  medical 
student  and  practitioner,  from  the  admirable  manner  in  which  the  various  inquiries  in  the  different 
b^a^che^i  of  pathology  are  investigated,  combined  and  generalised  by  an  experienced  practical  phy- 
sician, and  directly  applied  to  the  investigation  and  treatment  of  disease. 

recommend  it  for  a  text-book,  guide,  and  constant 
companion  to  every  practitioner  and  every  student 
who  wishes  to  extricate  himself  from  the  well«worn 
ruts  of  empiricism,  and  to  base  his  practice  of  medi- 
cine upon  principles. — London  Lancet. 


We  find  that  the  deeply-interesting  matter  and 
style  of  this  book  have  so  far  fascinated  us,  that  we 
httve  unconsciously  hung  upon  its  pages,  not  too 
l<mg,  indeed,  for  our  own  profit,  but  longer  than  re- 
viewers can  be  permitted  to  indulge.  We  leave  the 
further  analysis  to  the  student  and  practitioner.  Our 
judgmmt  of^  the  work  has  already  been  snfliciently 
expressed.  It  is  a  judgment  of  almost  uaaualified 
praise.  The  work  is  not  of  a  controversial,  but  of 
a  didactic  character;  and  as  such  we  hail  it,  and 


A  text-book  to  which  no  other  in  our  Isnguage  is 
comparable. — Charleston  Medical  Journal. 

No  work  has  ever  achieved  or  maintained  a  more 
deserved  repntati<m. — Ya.  Med.  and  Surg.  Journal. 


WHITEHEAD  ON  THE  CAUSES  AND  TREAT-  I     Second  American  Edition.    In  one  volnme,  oeta- 
MENT  OP    ABORTION    AND  STERILITY.  |     vo,  extra  cloth,  pp.  308.    tt   W. 
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New  and  muoh  enlarged  edition— (No'w  Ready,  Oct.  1858.) 

WATSON  (THOMAS),   M.  D.,    &e. 

Late  Phyaician  to  the  Biiddleaex  lioapital,  4c. 

LECTURES    ON    THE   PRINCIPLES    AND    PRACTICE   OF  PHYSir. 

Delivered  at  King'#  College.  London.  A  new  American,  from  the  la!»t  revised  and  '"\k*trA 
Ei»glii»h  edition,  with  Addiiioni*,  by  D.  Francis  Condie,  M.  D.,  author  of**  A  Praotit-al  Trri:  -< 
ou  ihe  DiiMraneA  of  Children,"  &c  With  one  hundred  and  eighty. five  i>lu«>iratioii« ««  w.x^.  h 
one  very  large  and  handi^ome  volume,  imperial  octavo,  of  over  1200  cU»ely  pruned  (ufrt  s 
ftmall  type;  the  whole  strongly  bound  in  leather,  with  rained  bands.     Price  1^  25. 

The  publishers  feel  that  they  are  rendering  a  service  to  the  American  p^ofo•«^ion  in  prr*^':n£  r 

so  very  moderate  a  price  this  vast  body  of  sound  practical  information.     Whether  a*  a  nt  ic  i  * 

the  student  entering  on  a  course  of  instruction,  or  as  a  book  of  reference  for  daily  con*'D.i<  ■«4i  br 

th^  practitioner,  "  Watson^s  Practice'*  has  lonff  been  regarded  as  second  to  none:  the  •••uacrx** 

and  fulness  of  its  teachings,  the  breadth  and  liberality  of  its  views,  and  the  ea«>y  and  dou  u  <\  r 

in  which  it  is  written  having  won  for  it  the  position  of  a  general  favorite.     That  thi-^  hgh  r^i*\'»- 

tion  might  lie  fully  maintained,  the  author  has  subjected  it  to  a  thorough  revision  ;  ewiv  p  r.^je 

has  been  examined  with  the  aid  of  the  most  recent  researches  in  pathology,  and  tbc  rr^i.t*  <■• 

modern  invest igrat ion t  in  both  theoretical  and  practical  subjects  have  been  carel'uliy  w<*Lsbin2  ••.'. 

embodied  throughout  its  pages.      The  watchful  scrutiny  of  the  editor  has  likeari^  intritluc^l 

whatever  posnesses  immediate  importance  to  the  American  physician  in  rtrlation  to  diM;a-e^  im^: 

dent  to  our  climate  which  are  little  known  in  £ngland,  as  well  as  those  points  m  wha-h  eiprrfcwy 

here  has  led  to  different  modes  of  practice ;  and  he  ha^  also  added  largely  to  the  !<erir»>  <k  >  :u«trt- 

tions,  believing  that  in  this  manner  valuable  assistance  may  be  conveyed  to  the  student  .u  r*  iwi.'^*- 

ing  the  text.     The  work  will,  therefore,  be  found  thoroughly  oo  a  level  with  the  mo>t  aa^Aa.xJ 

btate  of  medical  science  on  both  sides  of  the  Atlantic. 

The  additions  which  the  work  has  received  are  shown  by  the  fact  that  notwithMandins  in  rr- 
largement  in  the  size  oC  the  page,  more  than  two  hundred  additional  paces  have  been  iit^v^^crT 
to  accommodate  the  two  larse  volumes  of  the  Lonilon  edition  (which  i««*lls  at  ten  dvli^r*],  «i'%  i 
the  compass  of  a  single  volume,  and  in  its  present  form  it  contains  the  matter  of  at  lea«^  luff^ 
ordinary  octavos.  IWlieving  it  to  be  a  work  which  fhould  lie  on  the  table  of  every  pb\«H\a:t  ar^ 
be  in  the  hands  of  every  student,  the  publi>hers  have  nut  it  at  a  price  within  the  rt*a«'h  i.if  a!  .  i-.4i  t.{ 
it  one  of  the  cheapest  l)ooks  as  yet  presented  to  the  American  profession,  while  at  the  same  t.&c 
the  beauty  of  its  mechanical  execution  rentiers  it  an  exceedingly  attractive  volume. 

It  would  appear  almost  superfluous  to  adduce  commendatory  notices  of  a  work  which  H\*  - 
long  been  established  in  the  position  of  a  standard  authority  as  «*W'at>4in*s  Pr&ciH*e."  A  icw  ei- 
tracts  are,  however,  subjoined  from  reviews  of  the  new  and  improved  edition. 

The  fourth  edition  now  appears,  so  carefallv  re-  i  Tfte  lectarer^a  skill,  his  wiadoro,  his  lf«.ra.Bf  «rt 
vised,  as  to  add  considerably  to  the  value  of  a  book  equalled  by  tbe  eaae  of  his  Kr«criul  cieimu.  bi«r>*- 
alr«idy  acknowledged,  wherever  the  Knglish  Ian-  I  qaencc,  aad  the  far  higtier  qujiliriet  >•[  ciir.v>T.  «i 
gasge  ii  read,  to  be  beyond  all  eoinpsris<»n  the  best  I  eiPttrtFay^  of  modesty,  and  o(  gcnemus  snprr^.t'ri 
■ytteniMtio  work  on  the  Principles  and  Practice  of  of  merit  m  iHhers.  Mwy  i»e  h*ag  remaia  to  ia»*rir: 
Physic  in  the  whole  range  of  medical  literature.'  as.  and  to  enjoy,  in  the  Kl^rtous  sabart  nf  -it  4^ 
Kvery  lecture  cnniains  proof  of  the  extreme  anxiety  •  eliainf  y«farB,  the  hou'ira.  the  eofihoence  aatf  :  n 
of  the  author  to  keep  pace  with  >he  advancing  know- 1  gaiQed  during  hia  useful  Ufe^—A.  A.  MtJ -Ck,' 
ledge  iif  the  day,  and  to  bring  the  results  of  the,  /Uru»,  July,  l&6c}. 

labors,  not  only  of  physicians,  but  of  chemists  and  j      ,.*  .      ,  <     ,.  ^  .  ,. 

histologista,  before  his  readers,  wherever  they  can  I  W«ta<m's  unrivalled,  perhaps  naaprr^oMk^ 
he  turned  to  useful  account.  And  this  is  done  with  i  work  im  PracHce—lhe  e^ipmua  aditui.iai  T.^t  u- 
such  a  cordial  appreciation  of  the  merit  due  to  the  !  ^*J»cn  (»^«  f«"":'*»  ^i«»'»a)  have  given  it  i.J  ..^r  a- 
industrioiii  observer,  ■uoh  a  generona  desire  to  en-,  'T/^^  ""*'  "ID**?  '*»**"  /"I*",''"*  '*'   '  ■**  *"*" 


courage  younger  and  rising  men,  and  such  a  eaadid 
acknowledgment  of  his  own  obligations  to  them, 
that  (me  scarcely  knows  whether  to  admire  ransi  the 
pure,  simple,  forcible  English— the  vast  amount  of 
useful  practical  information  condensed  inio  the 
Lectures— or  the  manly,  kind-hearted,  unassuming 
character  of  the  lecturer  shining  thniugh  his  work. 
^LoHdoH  M*d.  Tinui  amd  Oaxetu^  Oct.  31,  I8S7. 

Thus  these  admirable  volumes  come  before  the 
profession  in  their  foarth  editii>n,at>oundtng  in  those 
distinguished  attributes  of  moderation,  judgment, 
erudite  cultivation,  clearness,  and  eloquence,  with 
which  they  were  from  the  first  invested,  hut  yet 
richer  than  before  in  the  results  of  more  prolonged 
observation,  and  in  the  able  appreciation  of  the 
lacrat  advances  in  pathohigv  and  medicine  by  one 
of  the  most  profound  medical  thinktra  of  the  day.— 
London  Lancttf  Nov.  14,  id57. 


CkarUttom  Med.  Jomrmml,  July,  l.^S:? 

Lecturers,  praetitioners,  nod  aiudents  H  m^^ii'isf 
will  equally  hail  the  reappearance  <*f  ttr  w   'i    i 
Dr.  Watson  in  thr  form  of  a  new— a  f  >iirrh.-n'rf« 
We  merely  do  justice  to  our  (>%va  (rriiiftt.  ao  •  w 
are  sure,  of  the  whole  pr^vfraaoin.  if  wr  ii.*t.%  v-a 
for  having,  in  the  trouble   and   turint»i(  "f  •  ii'i? 
practice,  made  leisure  to  supply  the  h.nina  r^i^* 
by  the  exhaustiitn  of  the  piilihabrr*a   ar.<>c  >  i  t" 
third  edition,  which  haa  brea  aeverrl)  ini  u-t    -• 
last  three  years.     For  Dr.  Waiaon  h^9  a  t  ir*-!--.. 
caused  the  lectures  to  t»e  rf^printed,  but  sm"»:-j 
through  the  whole  work  wt  fiod  nddiri'<ri»  t  r  ■!■-  ■- 
tions  whien  prove  th«t  the  autnor  has  in  r\^r%  v«v 
sought  to  bring  up  his  teaching  t«»  th^  I«-r<--     i    ?< 
roi>st  recent  acqaisiii>>ns  in  srirnce.— ^nr.  and  Fm 
Mtdico-Chir.  KeTitw^  Jan.  IVSo. 


WHAT  TO  OBSERVE 

AT    TTTE    BEDSIDE    AND    AFTER  DEATH,   IN    MEDICAL    CASES 

Published  under  theauthority  of  the  London  Society  for  Medical  Observation.     A  ntrw  Americas, 
from  the  second  and  revised  London  edition.    In  one  very  handsome  volume,  ra>-al  i2iuo..  cxua 

cloth.     $1  00. 


To  the  observer  who  prefers  aoearaey  to  blnndera 
and  precision  to  carelessness,  this  littlo  hook  ia  in- 
valuable.—iV.  II.  Journal  tf  Mtdituu, 


One  of  theiaest  aids  to  a  yonag  prmetiiM 


have  aver  seen. — P«isMss«Jar  J9mrnml  •/  Jf  r^irna 


'o«Bg  prm< 
rnmrnmlmf 


WILDE  (W.   R.)| 
Bargeon  to  St.  Mark's  Ophthalmia  aad  AaraJ  Hoapitai,  Dublin. 

AT31\Mi  SURGERY,  AND  THE  NATURE  AND  TREATMENT  OK  DIS- 

EA^E.^  O?  TH\L  ^hSk.     1&  QBA  W&Aa«»ba  oc^K«\k  *t^hMa«^  extra  elotk,  of  476  paura».  wdl 

iUusUal\oii%.    ^•i^Si. 
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New  and  muoh  enlarged  edition— (Now  Ready,  Oct.  1858.) 

WILSON   (ERASMUS),  F.  R.  S., 

A  SYSTEM  OF  HUMAN  ANATOMY,  General  and  Special.     A  new  and  re- 

mVed  American,  from  the  Iai>t  and  enlarged  Engli>h  Edilion.  Edited  by  W.  H.  Gobrecht,  M.  D., 
Professor  of  Anatomy  m  the  Philadelphia  Medical  College,  Arc.  lllu^trated  with  three  hundred 
and  ninety-seven  engraving9  on  wood.  In  one  large  and  exquisitely  printed  octavo  volume,  of 
over  60U  large  pagen;  leather.     $3  25. 

The  publishers  tru»»t  that  the  well  earned  reputation  so  long  enjoyed  by  this  work  will  he  more 
than  maintained  by  the  present  edition.  6eside^  a  very  thorough  revision  oy  the  author,  it  has  been 
mo^t  carefully  exammed  by  the  editor,  and  the  eflbrts  of  both  have  been  directed  to  introducing 
everything  which  increased  experience  in  its  u^e  Has  hugsrested  as  derirable  to  render  it  a  complete 
text-Duf)k  for  tho.'^e  seeking  to  obtain  or  to  renew  an  acquaintance  with  Human  Anatomy.  The 
amount  of  additions  which  it  has  thus  received  may  be  estimated  from  the  tact  that  the  pre^ent 
edition  contains  over  one^fourth  more  matter  than  the  last,  rendering  a  smaller  type  and  an  en'arged 
pge  requi>ite  to  keep  the  volume  within  a  convenient  size.  The  author  has  not  only  thus  added 
largely  to  the  work,  but  he  has  also  made  alterations  throughout,  wherever  there  appeared  the 
opportunity  ofimprovuig  the  arrangement  or  style,  so  as  to  present  every  fact  in  i's  most  appro- 
priate  manner,  and  to  render  the  whole  as  clear  and  intelligible  as  possible.  The  editor  has 
exercised  the  utmost  caution  to  obtain  entire  accuracy  in  the  text,  and  has  largely  increased  the 
number  of  illustrations,  of  which  there  are  about  one  hundred  and  fifty  more  in  this  edition  than 
in  the  last,  thus  bringing  distinctly  before  the  eye  of  the  student  everything  of  interest  or  importance. 

The  publi'ihers  have  fell  that  neither  care  nor  expense  should  be  spared  to  render  the  external 
finish  of  the  volume  worthy  of  the  universal  favor  wiih  which  it  has  been  received  by  the  American 
profession,  and  they  have  endeavored  consequently  to  produce  in  its  mechanical  execution  an  im- 
provement corresponding  with  that  which  the  text  has  enjoyed.  It  will  therefore  be  found  one  of 
the  handsomest  specimens  of  typography  as  yet  produced  in  this  country,  and  in  all  respects  suited 
to  the  office  table  of  the  practitioner,  notwithstanding  the  exceedingly  low  price  at  which  it  has 
^jeen  placed. 


A  few  notices  of  former  editions  are  subjoined. 

This  is  probiibly  the  prettiest  medical  book  ever 
published,  Hnd  we  believe  that  its  intrinsic  merits 
■re  in  keef^iog  with  its  exterior  sdvantHges,  having 
rxnminetl  it  tutiiciently  to  satisfy  us  tnal  it  may  tie 
recommended  tu  the  student  as  no  less  distinguished 
by  its  accuracy  and  cleiirness  of  description  ttinn  by 
its  typtigrnphicHl  elegiince.  The  w(Kxi>cuts  are  ex- 
quisite.— British  and  Foreign  Medical  Revi4Uf, 

An  elegnnt  edition  of  one  of  the  most  useful  and 
accurate  systems  of  anatomical  science  which  has 
been  issued  from  the  press.  The  illustrations  are 
really  be>iutiful.  In  its  style  the  work  is  extremely 
concise  and  intellif^ible.  No  one  can  possibly  take 
Ut)  this  vi'lurae  without  being  struck  with  the  great 
beauty  of  its  mechanical  execution,  and  the  clear- 
ness of  the  descriptions  which  it  contaias  is  equally 


evident.  Let  students,  by  all  means  examine  the 
claims  of  this  work  on  their  notice,  beft>re  they  pur- 
chase a  text-biK>k  of  the  vitally  important  science 
which  this  volume  so  fully  and  easily  unfolds.— 
Lancet. 

In  every  respect,  this  work,  as  an  anatomical 

f:uide  for  the  student  who  seeks  to  obtoin  know- 
edge  which  he  han  not  yet  acquired,  and  for  the 
practitioner  who  wishes  to  keep  up  that  which  he 
finds  gradually  fading  from  his  mind,  merits  our 
warmest  and  most  decided  praist. — Med.  Gazette. 

Weregsrd  it  as  the  best  ay  stem  now  extant  for 
students. — Western  Lancet. 

It  therefore  receives  our  highest  commendation.— • 
Southern  Med.  and  Surg.  Journal. 


BT  THB  8AMX  AtTTHOa.      {Just  IssUed.) 

ON  DISEASES  OF  THE  SKIN.     Fourth  and  enlarged  American,  from  the  last 

and  improved  London  edition.    In  one  large  octavo  volume,  of  650  pages,  extra  cloth,  $2  75. 
The  writings  of  Wilson,  upon  diseases  of  the  skin. 


are  by  far  tne  most  scientific  and  praetieal  that 
bnve  ever  been  presented  to  the  meaieal  world  on 
this  subject.  The  present  edition  isa  great  improve- 
ment on  all  its  predecessors.  To  dwell  upon  all  the 
great  merits  and  hiah  claims  of  the  work  before  u/. 
seriatiniy  would  indeed  be  an  agreeable  service;  it 
would  be  a  mental  homage  which  we  could  freely 
offer,  hut  we  should  thus  occupy  an  undue  amount 
ot  space  in  this  Journal.  We  will,  however,  look 
at  some  of  the  more  salient  points  with  which  it 
abounds,  and  which  make  it  incomparably  superior  in 
excellence  to  all  other  treatises  on  the  sabject  of  der- 
matolugy .    N  o  mere  speculative  views  are  allowed 


a  plaee  in  this  volume,  which ,  without  a  doubt,  will . 
for  a  very  long  period,  be  acknowledged  as  the  chief 
standard  work  on  dermatohwy.  The  principles  of 
an  enlightened  and  rational  therapeia  are  intr«Kluced 
on  every  appropriate  occasion.  The  geaeral  prac- 
titioner and  surgeon  who,  peradventure,  may  have 
for  years  regarded  cutaneous  roalsdifs  as  scarcely 
worthy  their  attention,  because,  forsooth,  they  are 
not  fatal  in  their  tendency;  or  who,  if  they  have 
attempted  their  cure,  have  followed  tbe  blind  guid- 
ance of  empiricism,  will  almost  assuredly  be  roused 
to  a  new  and  becoming  interest  in  this  departmeat 
of  practice,  through  the  inspiring  agency  of  tnis 
book.— iim.  Jour.  Med.  Science,  Oct.  1857. 


AL0O,  now  RBADT, 

A  SERIES  OF  PLATES  ILLUSTRATING  WILSON  ON  DISEASES  OP 

THE  SKIN ;  consisting  of  nineteen  beautifully  executed  plates,  of  which  twelve  are  exquisitely 
colored,  presenting  the  I^ormal  Anatomy  and  Pathology  of  the  Skin,  and  containing  accurate  re- 
presentations of  about  ooe  htmdred  varieties  of  disease,  moat  of  them  the  sixe  of  nature.  Price 
m  cloth  $4  25. 

In  beauty  of  drawing  and  accuracy  and  finish  of  coloring  these  plates  will  be  fotmd  equal  to 
anything  ot  the  kind  as  yet  issued  in  this  country. 


One  of  the  best  specimens  of  colored  lithographie 
illustrations  that  have  ever  been  nublished  in  this 
euuntry.  The  representations  or  diseases  of  the 
skin,  even  to  the  must  minute  shade  of  coloring,  are 
remarkably  accurate,  giving  the  student  or  practi- 
tioner a  very  correct  idea  ot  the  disease  be  is  study- 
ing. We  know  of  no  work  so  well  adapted  to  ine 
wants  of  the  general  practitioner  as  Wilson's,  with 
the  accompanying  plates.  -^  M§d.  emd  Surg,  lU- 
porter.  May,  IbSti. 


We  have  already  expressed  our  high  appreeiatinn 
of  Mr.  Wilson's  treatise  on  Diseases  of  the  Skin. 
The  plates  are  comprised  in  a  separate  volume, 
which  we  counsel  all  those  who  possess  the  text  to 
purchase.  It  is  a  beautiful  tpecimea  of  color  print- 
mg,  and  the  repiesentations  of  the  various  forms  of 
skin  disease  are  as  faithful  as  is  possible  in  platea 
of  the  uzo,^ Boston  Med.  and  Surg.  Journal.  April 
8, 18W. 
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WILSON  (ERASMU8>.   M.  D.,  F.  R.  3. 
LfMtarer  on  A.n«tomy,  Loadoa. 

THE    DISSECTOR'S  MANUAL;  or,  Practical  and  Sursical  Anatcmj.   Tliiid 

American,  from  the  last  re  viced  and  enlarged  En^i^h  edition.  Modified  and  learrBAfed^Vf 
WiLLiAX  Hunt,  M.  D.,  Demonstrator  of  Anatomy  m  the  University  of  Pennsylvaaia.  Isfw 
large  and  handsome  royal  12mo.  volume,  leather,  of  562  pages,  with  154  illustralions.    $2  (R. 

The  modifications  and  additions  which  this  work  has  reoeived  in  pasaiog^  recently  thro««|:k  tk 
author's  hands,  is  sufficiently  indicated  by  the  fact  that  it  is  enlarged  by  more  than  one  huadni 
pages,  notwithstanding  that  it  is  printed  in  smaller  type,  and  with  a  greatly  enlaiged  page. 

BT  THX  SAMK  AUTHOK. 

ON    CONSTITUTIONAL   AND    HEREDITARY    SYPHILIS,  AND  ON 

SYl'HILlTIC  ERUPTIONS.  In  one  small  octavo  volume,  extra  cloth,  beautifully  priaied.  vit^ 
four  exquisite  colored  plates,  presenting  more  than  thirty  varieties  of  syphilitic  erupiiuns.  1^2  25. 

BT  THB  BAMB  AUTHOB. 

HEALTHY  SKIN;  A  Popular  Treatise  on  the  Skin  and  Hair,  their  Prefcnv 

tion  and  Management.  Second  American,  from  the  fourth  London  edition.  One  neai  Toiuse, 
royal  12mo.)  extra  cloth,  of  about  300  pages,  with  numerous  illustratiooa.  $1  00;  paper  oorer, 
75  cents.  

(Now  Ck>mplete.) 

WEST  (CHARLES),    M.  D., 

Aecoaehenr  to  and  Lecturer  on  Midwifery  at  St.  Bartholomew's  Hospital,  Phyneiaa  to  the  Hospital  f«r 

Bick  Children,  Slc. 

LECTURES  ON  THE  DISEASES  OF  WOMEN.    Now  complete  in  one  bind- 

some  octavo  volume,  extra  cloth,  of  about  500  pages ;  price  $2  50. 

Also,  for  sale  separate,  Part  II,  being  pp.  309  to  end,  with  Index,  Title  matter, 

&:c.,  8vo.,  cloth,  price  $1. 
17"  Copies  done  up  in  paper  covers,  for  mailing,  will  be  sent,  free  of  postafre,  to  any  address  wiiha 
the  United  States  on  receipt  of  One  Dollar  in  current  funds  or  postage  htamps.    SubM^riber*  to  ihe 
*<  Medical  News  and  Library"  who  received  the  first  portion  of  this  work  as  published  m  lS5d 
and  1857,  should  lose  no  time  in  securing  the  completion. 

Part  I  will  no  longer  be  sold  separate. 

As  the  first  part  of  this  work  formed  a  complete  treatife  on  the  Diseases  of  the  Utera«,  to  Ptrt 
II  is  complete  in  itself  as  a  text- book  on  the  affections  of  the  Uterine  Appendages,  the  U%-«nes 
Vagina,  Bladder,  and  External  Or^ns.  It  will  be  found  fnlly  to  maintain  the  high  character  sc> 
quired  by  the  preceding  portion  immediately  on  its  appearance,  and  the  whole  will  eoo»ti(ii:et 
reliable  text-book  on  this  interesting  and  diificult  branch  of  practice. 

A  few  notices  of  Part  I  are  added. 

As  a  writer,  Dr.  West  stands,  in  oar  opinion,  se- 
cond only  to  Watson,  the'*  Mncaulay  of  Medicine;^' 
he  posseaara  that  Iiappy  faculty  of  clothing  inatrne- 
tion  in  easy  garments;  combining  pleaaure  with 
profit,  he  leada  his  pupils,  in  spite  of  the  aneirat 
proverb,  along  a  royal  roaa  to  learning.  Hia  work 
la  one  which  will  not  aatiafy  the  extreme  on  either 
side,  but  it  is  one  that  will  please  the  great  ma- 
jority who  are  aeeking  truth,  and  one  that  will  con- 
vince the  atudent  that  he  haa  committed  himself  to 
a  candid,  safe,  and  valuable  guide.  We  anticipate 
with  pleasure  the  appearance  of  the  aeeond  part  of 
the  work,  which,  ir  It  equals  this  part,  will  com- 
plete one  of  our  very  best  volumes  upon  diseases  of 
females.— /v.  A.  Mtd.-Ckimrg.  A«eMie,  July,  18S8. 

We  roust  now  conclude  this  haatily  written  aketeh 
with  the  confident  assurance  to  our  readera  that  the 
work  will  well  repay  perusal.    The  coascieBtiotts, 

BT  TBI  aAMS  AimiOE.      {Just  IsSUsd.) 

LECTURES   ON  THE   DISEASES   OP  INFANCY  AND  CHILDHOOD. 

Second  American,  from  the  Second  and  Enlaived  London  editioa.     In  one  voluiiie,  ocuroi 
extra  cloth,  of  nearly  five  himdred  pages.   92  00. 


painstsking,  practical  phyaieiaa  is  apparent  nsew)' 
page.— JV.  T.  Joumai  •/ Mtdieitu^  Mareh,  laSb. 

We  know  of  no  treatise  of  the  kind  so  emn^lets 
and  yet  so  compact.— CAicoj'o  M*d.  J^mrmmiy  /an- 
ary,  1858. 

A  fairer,  more  honest,  more  earnest,  and  aknre  tc> 
liable  investi^^ator  of  the  many  diaeaaea  m'  woaKS 
and  children  la  not  to  be  found  in  any  e>>«Btrf  .— 
Soutlum  Med.  aitd  8mrg.  Journal,  January  iHSe*. 

We  gladly  ree<Knraettd  hia  Lectures  as  ia  ibchif^ 
eat  degree  instructive  to  ail  who  are  mterestes  it 
obstetric  practice.— Lo«d«»  Lamtst. 

We  have  to  say  of  it,  briefly  and  decidedly,  tkat 
it  is  the  best  work  on  the  aubjeet  la  aay  laa^  CAfr: 
and  that  it  atampa  Dr.  Weat  aa  the  /mtiU  fr ttfjt 
of  British  obstetric  authors. — £dimk.  Mtd.  J«i 


We  take  leave  of  Dr.  West  with  great  respect  for 
his  atttainmenta,  a  dne  appreciation  of  his  acute 
powers  of  ohaervatton,  and  a  deep  sense  of  obliga- 
tion for  this  valuable  eontribvtion  to  onr  profes- 
sioual  literature.  Hia  book  ia  undoubtedly  in  many 
res|)ects  the  best  we  possess  on  diseases  or  children. 
Dublin  Quarurly  Journal  of  Medical  Seitnce. 

Dr.  West  has  placed  the  profession  under  deep  ob- 


ligation by  this  able,  thoroogh,  and  fiaiabed  tmrk 
apan  a  subject  which  almost  daily  taxes  tu  tM  st- 
moet  the  skill  of  the  general  praetitiotier.  Be  has 
with  aiagnlar  felieitv  threaded  his  way  throagh  ed 
the  tortuous  labyrinths  of  the  diAcnlt  subject Sc  smm 
aadertakea  to  elucidate,  and  baa  in  maay  of  tSt 
darkest  corners  left  a  light,  which  will  never  he 
extinguished. — NutkTHU  MedicalJoummi . 
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